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pioductioii ot the iiietabolitcb Bilateial uephiectoim \\ould not he accept- 
able pioot that the kidneAs could Inne nothing to do nitli nicinia The bal- 
ance betn cen pi odnction and elimination is legnlatcd cliiefli by tlie efficiency 
ot the excietoij oigan 

Van den Beigli states “When nioie biliiiibin is Inonglit to tlie Inei cells 
11101 e IS excieted, but also iiioie is letained hr the blood it the Inei 

cells aie compelled to leycct some ot the excess, nioie may also appeal in the 
bile this IS chaiacteiistic ot acholiiiie leteins it yyoiild not be col- 
lect to call this tyiie of ictenis nonliepatic the tenn ‘hematogenous’ 

icteiiis IS ineoiieet since ey^eiy icteins is, in a sense, heniatogenons, although 
biliiiibin IS neyei foimed in the blood stieaiii this foim of icteiiis is 

due to insufficient capacity of the Inei cells to exciete biliiubin be it ida- 
tne, tolloyying gieatei influx oi be it absolute due to tuiiction.il Inci clis- 
tnibance its best name is dynamic oi fuuctwiuil leteius ’’ Thus a foiin 

ot icteiiis commonly hnoy\n as “hemohtic’’ is seen in the light ot tnnctional 
(. hsti action 

Von Beigmann estimates that in tlie .neiagt lu.imal 70 kilo human adult 
the daily biliiubin pioduction is about 500 mg yyliich in teims ot 100 ec 
units of blood seiuni yolume may he computed as appioximateh 14 I mg 
The iioimal biliiubin ley cl in human siium does not exceed 0 2 iiig pei 100 
e c , except foi occasional eleymtions to about 0 35 mg Visible yaundice may 
appeal in the yyhite lace yylieii this ley el uses to 1 5 oi 2 0 mg and may often 
be detectable in the scleiae at much loyyei ley els The excietion late must 
be efficiently maintaiiied to pieseiy'e the balance and pieycnt a constantly 
ascending leteius, yyliethei the excietion thicshold be iioimal oi pathologically 
eleyatecl The elimination of biliiubin is tuitliei complicated by the cyidence 
that dining excietion it is changed tioni the diiect negatne foim to the 
diiect iiositne foim, thus intioducing a conyiision mechanism as an mtegial 
pait of the excietion piocess 

The difteience betyieen these tno ioims of biliiubin has been iinisti 
gated by sey eial yvoikeis among them Blankenhoiii 51 Goyyan and CoUinson 
and Foyvyy eatlier Blankenhoin found that theie yyas piesent in bile and in 
many leteiic seia a foim of biliiubin yyhicli yiould pass thiough an animal 
mcmbiane shoning that since it acted as a diflusate on diahsis it must 
be m the ciystalloid state He found lioyyeyei that this yyas a lelatneh 
imstablc foim foi on lepeated diahsis ctf the diftusates, less and less yyoulcl 
pass thiough the membiane, indicating that it leadily leyeided to a nondia- 
lyzable, oi colloidal, foim Colhnson and Foyyyyeathei applied this obseiyation 
to the yan den Beigh leactioii and found that the eiTstalloid foim alone gaye 
the diiect positne leactioii nhile the nondialy /able oi colloidal, toim yyas 
diiect negatne, leactiiig yyitli the diazonium salt only aftei the addition of 
alcohol and giving the “nidiiect” oi quantitative leaction M’Goyyan found 
that the use of buffei solutions and a change in hydiogen-ioii concentration 
toyyard gieatei alkalinity could cause a diiect negatiy'e reaction to become 
diiect positne Tt is national to conclude then that the difleience hetyyeim tin 
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tt\o foinis ot biliiubui is laigch ,i inattei ot plnsical state the cliiect nega- 
tne being fiee bilnubin a saspcnsonl colloul tlie direct positne being a true 
civstalloid 

bnfficicnt data aie aMabdde to iinph that nascent bdiiubin as it is pio- 
diiced e\ti abepaticalh in a niainnial is in tiie colloidal state and that it is con- 
Neited In the Inei paieiicliMiia dining excietion to an lonizable foiin 11111011 is 
a tine but unstable cinstalloid Tins lattei foim has been desciibed bv dif- 
ferent iioikers as an aniinoniuni salt of bilirubin and as sodium hydrogen bili- 
lubinate That the Inei paicnchiina is oidinaiilv impermeable to colloids 
lias found dining the deielopment of the Giaham test pioiidnig fmthei en- 
dence of the necessity toi a phisiologic conieision mecbanism as an integial 
part of the cycietiou piocess foi bilirubin 

The e\peimient‘ of XauiiMi and 3 iIinko\\ sin, expanded In MtXee haie 
shon n that in birds the Kupffei colls plai the most luiiiortant role in the tornia- 
tion of biliiubin fiom hemoglohin while in oontrast lyith mammalian plnsi- 
ology, the bone maiiow and spleen aie 1 datively unimportant in this lespeot 
Since hud seunn noiinalh contains lei-y little hilinihm the pigment must he 
passed on by the Kupftei cells aoioss the snhendothelial Innphatics of the 
Inei lohidcs to the pohironal cells as rapidh as it is formed Hence m buds 
a dual lole of these cells in foiniation and excretion is implied In mammals 
howeiei it is deal fiom the woik of Mann that the role of the Knpffei cells in 
foiraation of Inluiihin is quite insignificant, and then only possible lemaimng 
function if any ivonld he largely excietorr, as the acceptors of nascent col- 
loidal bdinibin to coniey the pigment acioss the lymphatic spaces fiom the 
Sinusoidal stieani to the polygonal cells foi conyeision and excietion As ae- 
tneh phagocitie sessile cells they aie known to haNe an affinirt foi colloidal 
particles although hiliinbm appears to he the only colloidal substance foi 
u Inch the snhendothelial hunphatic spaces are bridged If such a function he 
gianted then then lelatne permeahihtc to nascent bilirnhm would detei-mine 
the excietion threshold 

The direct delayed lan den Beigh leaction can lationalh* be inteiTiieted 
as indicative of the piesence of bihrubm undei going the transition from the 
colloidal to the cm stalloid state manifesting hi the length of the delay period 
Its pioxinuti to one 01 the othei of the two extiemes Colloidal particles break- 
ing down into polmienzed, then simple, crystalloid molecules would be ex- 
pected to react in an aqueous medium imth a speed chaiactenstic of then 
lelatiie solubility ilanv similai chemical reactions exhibit definite delav 
penod'^ as ter example tlie colloidal grid leaction intli spinal fluid Tlie ^ourct 
of direct delaied bihnibin would again he liiei parenclinna since it is there 
that the eoniersion takes place 

Shcnld an obstinctne pioce=s exist in 01 below the liiei parenchiTna com- 
plete cnoiurh to piodnce intense pigmental v congestion in the excreting cells 
nmdi com ei ted pigment would escape into the blood stieam hi wav of the snh- 
endothehal limphatie spaces rf the liiei lobules hut aho free hilinibm normalli 
comeicd to the smnsoids at a lapul rate would he denied entry to the poli- 
grnal cells lesnlting in an icteric serum containing both forms of bihiubin 
hucb seia would obiionsli gne diiect positiie reactions the direct netratiie 
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content being cleteinimable b-v deducting fioni the quantitative total tlie quan- 
titative deteiiiiination on tlie diieet positive leaction alone Onlv a tiace of 
ciistalloid biliiubiii suffices to gnc use to a diiect positive leactiou, foi the^ 
maj^ fiequentlv be encounteied in seia -nitli noinial icteius indices and bili- 
lubin content in lobai pneiuiionia, septicemia multiple Inei abscesses, caidiac 
failuie, secondaiy s-^pliilis, metastatic caicinoma of the Inei, and folloning 
accidental oi opeiative tianma 

The icteius indev uiai be defined as a plnsical measuiemeiit of the vellov 
coloi intensity of serum, not diiectlj piopoitional to the quantitative biliiubiii 
content Since biliiubiii may oeciii in seium as a ci-sstalloid, in tine solution, 
01 as a suspensoid colloid subieet to Aaiiations in the sire of the particles sus- 
pended, many of the u ell-lviioivn disci epaneics between the icteius inde\ and 
the total biliiubin content mav be undeistood A eoloi piodiicing substance in 
tiue solution might be expected to impait a gieatei coloi inteiisiti to its solvent 
than an equal amount oceuiiing in the medium as a suspended colloid Hence 
in a seium with a given icteius index: much less cnstalloid pigment need be 
present to cause that coloi inteiisitv than vould be lequiied if it veie in the 
colloidal state, theiefoie, it may be mfeired that a seium iieldmg a rela- 
tively high biliiubin content contains a laige pait of the pigment in the col- 
loidal state, and convei seh , if the bilii ubin content is i elatn eh Ion , most of it 
is piesent in true solution The icteius index, then, mnj be legaided as a 
function as well of the phvsieal state of biliiubin as of its total quantity 

CORRELATIOK OF THE THREE TESTS 

Hubbard has attempted to coiielate the icteius index uith the length of 
the delay peiiod of the lan den Beigh leaction, but found no definite point 
of demarcation in a large clinical senes, except that as the index lose, the pei- 
centage of diiect positive reactions lucieased and the shoiter delay periods 
became moie eiident Woodiuft and his cowoikeis made some lery inteiest- 
ing findings in a con elation of the icteius index and the quantitative bilirubin 
To small amounts of nonnal dog seium they added kuoun quantities of pure 
bilirubin, lendeied soluble bi alkali, and then, deducting the icteius index of 
the noi-mal seium, deteimiued the icteius index caused be the added biliiubin 
On a giapli with the known quantities of biliiubin as oidinates, the eorie- 
spondmg icteius indices weie plotted in as the abscissae The biliiubin lange 
was 0-10 mg pei 100 c c , and the icteius index lange 0 100 Then “line of 
maximum density” bisected the graph diagonally fiom 0 to the icteius index 
100 and the biliiubin 10, thus indicating that a quantitatne biliiubin of 6 1 
should give an index of 61, a biliiubm of 2 9 an index of 29, a relation ex- 
pressed by a shift of the decimal point There is shovn, howecer, a stiiking 
characteristic in the vaiiation of the points fiom the line of maximum density 
Below the icterus index of appioximatelv 16 piaetieally all of the bilirubin 
values lun above the line, between 16 and 30 theie is evidence of a definite 
downward loop below the line, bejond 30 they vaiy widely on both sides of 
the line It is this domiwaid loop which commands attention, because it mav 
be found clinically in exactly the same zone in lobai pneumonia in the white 
lace, in peinicioiis anemia familial laundice and in the newborn (placenta 
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blood) It has not as yet been obsened in the black lace in am ot these enti- 
ties, for it definitelv does not ocem in the ascent of the icterus in lobar pneu- 
inonia in the negro, and peinicions anemia and familial laundice are so raie 
in the black race that none hai e as i et been studied 

The accompam ing chaits picsent the results of a coii elation based on 
appioximately 1700 seia examined by the three test method, fiom o^er TOO 
patients lepresenting a wide Aaiietv of clinical entities Since these tests 
iveie done bv a single obsenei using a uniform technic, difterences may be 
regarded as fanlv lalid in significance, with the factor of error a constant 

Chart 1 denionstiates the possible lauation in total biliiubin content of 
a semm haiiiig an icteius index fiom the normal zone to 60 It is obiious 
that the icteius index fails to conform consistentli with anv constant total 
bilirubin content latio 

There aie no known cases of caiotinemia in this gioup The relatnely 
high bilirubin rallies m and neai the noinial zone of the icterus index rreie 
found in seia fiom patients rrith familial 3 aundice and pernicious anemia, in 
placenta blood, and in seia from patients siiftering only from trauma, acci- 
dental (contusions fiaetures, deep laceiations bullet wounds), or operative 
In this traumatic group latent jaundice was a constant feature often mani- 
fest foi a short time lu the sclerae, and eridently pioduced bv the formation 
and release of bilirubin fiom hemoglobin in the interstitial blood extravasa- 
tion at the site of the trauma Direct positive van den Bergh leactions were 
very frequently encountered during the course of this icterus caused by 
trauma The relatively low bilirubin lalues iij the higher zones of the icterus 
index were found in serial studies as any jaundice was subsiding, occasionallv 
111 cirihoses, and in negroes If a line be drawn connecting the maximum 
bilinibin values in aieas of high dot-density, two downuaid loops will be seen, 
a small one follou ing the icterus index 10 and a very definite one between the 
index 16 6 and 30 These icterus indices, 10 and 16 6, hai e been found to be 
of extiaordmaiw significance in a study of 224 cases of lobai pneumonia 

Seieial points are demonstiated on Chart 2 (1) For a given icterus 

index the bibiubin content is higher when the pigment is direct negative (or 
long delayed), and m the coUoidal state, than when the pigment is direct 
positiie and a crystalloid (2) In seia with a direct negatiie (oi long de- 
layed) leaetion a sudden increase in bilirubin content takes place when the 
icterus index arrives at 16 6 (3) As the icterus index passes 16 6, sera nni- 

formlv exhibited either a true direct positive reaction or an immediate golden 
accentuation on the addition of the diazo reagent This icterus index seems 
to be the upper limit of color intensity which can be produced by colloidal 
bihiubin (seium hematoiclm) before a change takes place in the lan den Bergh 
reaction 

The data foi the “dot-dash” line of duect negatne bilirubin is denied 
from 200 seia fiom patients exhibiting icterus due to trauma exelusne of 
those sera in iihicb zonal positne or duect positiie reactions iieie picsent, 
hence the use of the term “blood extraiasations” m the legend 

On Chart 3 are plotted the aierage bilirubin contents for ^-nen icterus 
nulices found in peinicious anemia (H eases), familial jaundice (12 cases). 




ICTERUS INDEX 



Average Bihrub\n Coordinates for Given Icterus Index 



Chart 
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and the nenboin (30 specimens of placenta blood) The downwaid loops in 
the bilirubin cunes between the indices 16 6-30 are ciuite defimtelr indicated 
In such entities direct positne leactions aie rare, but ^rere observed in one 
placenta blood (infant noimal) and in two cases of peinicious anemia at in- 
dices 30 and 50*“ Since this chart nas made tno additional eases of familial 



jaundice hai e been obseri ed, one exhibiting a direct positive reaction through- 
out the course of the icteric exacerbation, and the othei an exception to the 
pie-vious findings, exhibiting icterus indices for fi\e months in the 16 6 to SO 
zone n itlionf evidence of either a don nward loop or a golden reaction The 

famlIIaP5wndk^ reactions m occasional cases of pernicious anemia and 
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(kKn iKiiDils 111 tlu* ii.K turns, wtiPii not (liicct positne ^^elP toinid to lu 
slioitoi 111 pl.ueiit.i blood tluiii in piMnuioiis ,11101111,1 ,iiid loiifrost in t.iinilml 
pmndico 

Cliait i exhibits soii.dli “the iiddlt ot the icteius index Ibb” in a spe- 
cific c.ise of t.iiiulial uiuudice Ihe dottid line at the bottom ot the chait 
nheie tlu. a an den r.ei{rh icaction tm\e is plotted in tciins ot (lie Jeii'/th oi 
the del.oA peiiod indicatcb Iia the uicks on the (h)ccf line that nitli the iisi 
ot the iiteins index iioin IG (1 to 2 j accompanied bc' the deciease in seiniii 
biluubin the iiimiediate <rolden leaction nitli the dia/o iea<rent dec eloped 
The led diuct leaction nas consistentlA absent except foi the deAclopinent ot 
an eiglit-niinute delaA peiiod on the httecntb dac of obseiA.ition as the accn- 
ninlated biliiiibin nas passing tluongh the Inn paienchMiia Tin massing 
of diiect negatne bilnnbin at the icteius index Ki G nithont incieasing the 
apIIow intensitA of the seium can be explained onh be assniniiig the foima- 
tion of laigei colloidal aggiegates of the pigment, nimble to cntei the Inei 
paienehAina teiminated hi a spontaneous plnsieal change In nhich a ei\s- 
talloid deinatne nas eiolied to nliicli the Inei iias pciineable, piodncing 
a gieatei coloi intensitv 111 seiniii, although ruiantitatn eh hss. because oi 
gieatei solnbiliti as indicated be the immediate golden eoloi chaiigi in the 
aqueous iiiediiim of the diieet laii den Beigh leaetion 


TECnMC OF Tr«TS 


TIic fnlinwiug lUtaiK ot todinu thp imifonii iijotliod used in this stiich All 

three tests nm timckh lie done on enih serniii In the (oiitinniti of tcchnu Tlici line been 
found adaptable onh to a stiuh ot the changes m the icterus of n gnen Lbnicat ciititv, and 
are usualh of little or no value as in aid in dilTerentnl diagnosis when used separateh oi in 
single determiintions 

letenis Iiidei — ^tjsing a Duboscq coloTinictcr the seium from about 10 e i of frcsli 
blood IS compared directh nitli n standard 1 10,000 solution of potassium dichioimto, whuh 
irbitrarih repiesents unit's Tlic standard is nsnalh set at lA mm Tlio scniiii must be 
deal and -sellow, free from liemohsis visible to the etc, turbiditi, or inurkv broniiish color 
Ihe compaiison is host made u»ing intiial morning light from 1 nindow The ealenbitum 
is as follo'svs 


Reading of standard 
Reading of serum 


= icterus index 


The normal nuge is from 1 to 5 signifiiiig tint human seium Ins from 3 to j tunes 
the vellow color intcnsit-s of the arhitran standard There is no lacml difEeronco known 
Intent taundiee hits still be piescnt even though the icterus index lies nithin normal limits, 
its deteetion then depending on the van den Bcigh reaction and the quantitative bilirubin 
dctoiminatioii Convcisoh, high icterus indices imv not be indicative of abnormal bibnibui 
content when the scium color is other than clear and vellow Tlio possibihtv of an increase 
m luteins, lipochiomes, and carotinoids must be considered, is noli as, according to van doii 
Rcigh, bcmatin letcrns 

VoJi den ScToJi }^cociton Altci detcimining the icterus index, 1 c c of scrum is poured 
tioni the colorimeter cup into an accurafelv graduated centrifuge tube Tlie tube is slanted 
and fioiii a pipette 0 i cc of Ehrlich’s dnro reagent (ficshlv mixed) is overlaved on the 
seium (technic origimllv used for iirino) An immediate reddish, ambei, or port nine color 
rcaition at the contact rone is indicative of a positive ronal icaction Serum and reagent 
are then shaken and mixed so that a small amount of scrum at the loner tip of the tube 
remains iinmixcd and can be used as a control of the color change ahovc The tube should 
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be watclied for it Icist tin ninnitcs for eiulince of the beginning of i ri.ldisli, mit)ir, oi 
port ivuio color chingc If the color chingc occurs it once, it nrn lir cilic.l direct positne 
Simula the reiction not begin until i feu numites line clipsca, the aeli\ ponoa shoubl be 
anted IS icciiriteli is possible hen no ch iiige occurs up to ten minutes the reiction ni n , 
for pricticil purposes, be cilled direct iicgitiic If it the zone of coiitict or on mis-ing n 
siiddcn golden icccntuitioii tikes p’lce, it niii be c died direct golden positne These rend 
mgs should ilso be mule in nitiiril diilight, picferibU with i glized glis= mndon is i 
bickground Isorniil sen ire iisuilh direct negitnc in the ten minute inteml 

:Most of the prcviiliiig confusion in the interprctition of this test irises from the me 
of the term “biplnsic,” ind from the fact that oxilited pi isnn eiidenth reicts differcntU 
fiOin seniiii The former frciiuentli gnes an immediate bine \iolet color,* wliile the litter 
pncticilh neicr docs, giving initiilh the reddish color alone when i direct positive rention 
occurs Hill his recoinniendcd tint the term “biphasic" be disc irded as meaningless, 
Andrewes disregards the cjcilitc of the color, and viii den Bergh in 192S reiterates, ‘ no 
direct bluish color must ippc ir ” Hence, since the ‘direct prompt,” or blue violet, re 
action docs not exist when serum is used, and ill direct positive reactions could be rilled 
‘biphisic, ’ there is no pirticulii re i son for retiming such a nomcncliture 

The results of the iin don Bergh reaction mi\ be recorded is 

Direct positne 

Direct dclived miiiutca 

Direct negative (10 minutes) 

Positne zonal reactions mac frcricentU be found when, iftcr mixing, there seems to 
be no definite chingc up to two or three minutes The golden accentuation should be re 
corded onlv i\hon it cm be demonstrated to a skeptic It is often followed by a delaved 
red reaction 

Quaniitatiie Bihruhin Determination — After the dctcrmindtion of the can den Bergh 
reaction, add 2 5 c c of Oo per cent alcohol, then 1 c c of saturated ammonium sulphate, 
and place in the centrifuge for a few minutes On removal from the centrifuge, three livers 
Mill be seen, an upper pink or ruin colored liver in which essentiilh all the bilirubin i® 
contained in alcoholic solution as izo bilirubin, a middle lav cr of compacted jirecipitated 
proteins, usually colorless, and a lower liver of ammonium sulphate solution Determine 
from the graduations on the tube the volume in cc of the upper colored laver and pour 
off some of It into a colorimeter cup for comparison with van den Bergh ’s standard cobaltous 
Milphate solution, winch represents the color iiitcnsitv prouucrd in a smiilar reaction b' 
evactlv 0 a mg of bilirubin per 100 e c I or pale color reactions set the standard at 2 
mm in the colorimeter, for deep rubv reactions it I or 10 mm The calculation is i>- 
follows 

Beading of stanaard Dilution factor 

Beading of uiiknowai ^ 2 ~ bilirub n per 100 c c of scrum 

Bv the use of the dilution factor the three tests mav be run in continuity with i*- 
little as 0 1 c c of serum to work with, increasing somewhat, however, the factor of error 
Dilution factor equals volume in c e of colored upper laver 

volume in c c ot serum used 

This quantitative detemun ition (indirect reaction; is occa'-ionalh nnsatisfactorv due 
to anomalous f ictors in various sera The alcoholic laver mav not be comparable with the 
standard because of a vcllow or orange color inste id of the pink A few drops of oxabc 
acid usuallv change the vcllow color back to the pink, but i resulting turbiditv often spoils 
the accuraev of comparison In spite ot the frequent diSiculties emountered due to initial 
turbiditv (removable bv he iting, bv audiiig 1 to 2 driq.s of ether or an iddition il e c of 
alcohol), and to the vellovv monniv pr.etiial ijq.i ixim ttioiis , ,n b( m idc after the routin'- 
Ob ervation of a number of iiormil iiid icteric sen With s, , „I„,ousIv deiidv ; lumliecd 
little difliciiltv IS encountered .Normal .era iisn illv g,vc cither no gros.lv viable pink .olor 
111 this rcaition, or irc but f iiiitlv reictivi ‘ 


■Till iliric prsitivi 11 ictlnn in fi Mi oili 1 ^ oft ii bl 


I' vioPt but is iisuillv rrM 
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SUAIMARA 

Mann has shown that nascent biluubm is pioduced extia-hepatically at a 
Aery rapid late in the dog The pioduction late in the human oiganism may 
be estimated as equalh’’ lapid, equnmlent to appioximateh' 14 3 mg per 100 
c c of seium lolume m twentA''-four horns Mann found that such nascent 
bilirubin is diiect negatne m teims of the A'an deii Bcigh leaction It has 
long been knonn that dnect negatiie biliinbin is changed to tlie diiect posi- 
tive foim bi the liiei paienchniia in mammals as it is excieted The diffei- 
ence in these tn o foims of biliiubin has been found to depend on the physical 
state of the pigment the dnect negatne foim being fiee nascent biliiubin 
occunmg as a suspeusoid colloid, the direct positiAC foim being an unstable 
cij'stalloid salt of biliiubin Since the Inei paieuclnma is oidinaiily impei- 
meable to substances iii the colloidal state the coineision of fiee biliiubin 
to a ciwstalloid salt is a necessary element of the excietioii process 

In consider ation of the lelatneh massne noimal daih' production of bili- 
rubin, it IS obAious that the evcietion of the pigment hi the Inei must at all 
times be efficientlj maintained to pieseiie the balance and pieient a con- 
stantly ascending icterus Fiom the expeiiments of Nauinii, Minkonski, and 
McNee it appears plausible that the Kiipftei cells in mammals act as the ac- 
ceptors of nascent colloidal biliiubin as then function m the excietion of the 
pigment, then relative iieimeabilitv to the pigment being the thieshold detei- 
minaiit undei noimal conditions and in functional icterus 

The direct delai’^ed ran den Beigli reaction can be interpreted in terms ot 
the length of its delaj" period as indicating iiiteiraediate stages in the tiansi- 
tion of nascent biliiubin to the ciistalloid form, arising from pigmental i 
congestion in the Inei par eiicli-^ ma, the speed of the reaction depending on 
the lelatne solnbilitj of the comeisiou pioducts Minute quantities of fiilli 
converted ciAstalloid biliiubin gne use to direct positne reactions in seium, 
and when both forms exist togethei, tlie leaction is dnect positive 

The icterus index iiiaA be better luidei stood as a “Amlloiv lutensiti ” index 
and not diieeth^ proportional to the biliiubin content, because of the many 
possible difteienees in the plnsical state and solubility of the pigment present 

In correlations of the lesults fiom oiei 1700 sera examined b^' the three 
test method, it has been found that (1) The icterus index fails to conform 
cousistenth uitli am constant piopoition of total biliiubin (2) For a gneu 
icterus index the biluubm content of the seium is higher u^hen it exists m the 
colloidal state than uhen it is crA'^stalloidal (3) Colloidal biluubm accumu- 
lates m the blood stieam at the icteius index 16 6, but fails to impart a higher 
color iiiteiisitA to the seium m which it is suspended until it undei goes a 
physical change, expressed bj the deimlopment of an immediate type of van 
den Beigh reaction (4) In sera from the neAvborn, pernicious anemia, and 
iamdial jaundice a don uu aid loop in total bilirubin content occui-s as the 
icterus index uses from 16 6 to 30 accompanied by the appearance of an 
anomalous immediate golden accentuation m the dueet ran den Beigli le- 
action One exception to statements 3 and 4 is cited 



rHL \AN DtN BERGH Ub.VtTION 

A uniform technic ±oi conducting the three tests in coutinuitj on small 
amounts of serum is outlined, in ivliieh the innoAation of OAeilaMng the diazo 
leagent on the serum prior to mixing is proposed as a moie sensitne method 
to detect the piesence of civstalloid biliiubin The terminology- of Dr A A 
Hitmans yan den Beigh in the inteipretation of the lesults of the reaction, as 
yvell as in the classification of 3aundice as obstiuctiye or functional, has prosed 
most adaptable to the understanding of the pathologic physiology* of icteius 
111 the light of recent expeumental yioik 

The results as presented in tins paper comprise a part of an intensive clinical 
stnd\ of jaundice based on the semi application of the three tests for scrum b.brubin, in 
winch to date oier 1700 sera from more than 700 cases have been studied, representing prob 
ablv most of the conditions in which latent or clinical jaundice exists Much of this work 
was done in the Department of Pathologv at the Detroit College of Medicine and Surgeri, 
of which Professor Tames E Daias is the head, during the vears 1029 and 1930 
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THE CATAJIENIA AND OXYGEN f'(')NbU^>I]’T]ON'‘ 


B\ CnunrbL AVinu Ll^'OOI^, Xeb 


Z UKTZ^ m 1906 eoiichuled tliaf the lutellslt^ oi oxiddhuii piocesses in 
Bomen tlianged ^elv little dmiug mcnstniatioii Gepliait and EuBois- 
(1916) conftiined these findnips Snell Fold and Eonntiee” (1920) lound a 
use lust bctoie and duinifr the menses, mth a niailced lall aitei the penod 
Eone and Eakm^ (1921) icported a use ol 13 to IS pci cent ahoie noimal 
pieMons to inensti nation and a lo\i late dniing the penod and foi appiosi- 
inateh tn o n eehs aftei niensti nation 'Wdtsline (1921) and len shoitly 


Table I 


Subject 


Conaunatlon of 

(c c per nlr 

ijte) 

loenstrual 

C’^clea 

1-4 days 
[before 
! Donatniatlon 

Ihirlng 

menstruation 

5-8 days 1 
ifter end ofi 
senstruatioai 

2 treoks after 
end of 

nenstruatlon 

' ist 

2nd 

G " 

1 1 

210 

189 

1 200 

209 

206 

II 

1 2 

208 

189 

202 

210 

198 


5 

201 

192 

180 

197 

199 


4 

208 

184 

198 

200 

201 


5 

213. 1 

200 

209 

215 

210 


6 1 

205 

180 

200 

207 1 

205 


7 

211 

205 

202 

205 1 

208 


6 

210 

20S 

205 

214 

212 


5 ! 

200 

199 

179 

207 ! 

204 


10 

204 

188 

206 

211 

210 


11 

195 1 

19S 

190 

200 1 

201 


12 

217 1 

199 

180 

217 1 

209 


Average 

207 

193 

195 

208 

205 


Ifo - • 
zes -- 

ICO • - 

Ids ■■ 
leo -• 



(ittei Blxuit and D'\ e® ioiuid no elcAatjon in the basal inetabolisin ot women 
befoie and diiimg- the meiiseh Ashei' (1920) stated that “a diieot influence 
of the sexual oigans on metabolism docs not exist ” It is also stated b^ Geist 
and Goldbeigei® that castiation in nonien mth pitMousU tunetioning osanes 
has no efteet on basal metabolism AV.dveham' (1923) concludes that theie is 
a distinct fall in basal metabolic latc cluiing oi immediateh attei meustiua- 
tion Aihieh is pieeeded be a use Benedict and Finn’" (1928) attei extensive 
inx estigation of the piobleiii lejioited tliat the oxigen consumption i\as low- 
est duiiiig the menstiual penod and highest about one neek aftei nieiisti na- 
tion ceased Giiffith” (1929) iound that iiieiisti nation loueied geneial 
metabolism / 

‘Sioni the Dep ii tmtrit of DusiOiog^ mil Phai macolosr' UnKei^iu of Ncbi v-Kn 

Recenecl for pubJicatJon Voi. ember 10 1030 
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THU r\TVAII-\TA ANP 0\A 01 \ < 0\^'LMVT\0\ 

\Vomen students aic coutunialh refoired to oui Student Health Dispensar\ 
foi metabolism tests Sutii tnnflittinp repnits as aie nboie cited upon the 
metabolism of iiomeii diiuiig meustinatiou caused us to asoid the taking ot 
such tests iveai the cataiueiiia and also suggo'-ted a stmh ot the pioblein This 
study ivas initiated in heptembei 1027 

Foituiiate toiiditions toi such a stiulv exist in oiii Depaitment of Pbcsi- 
ologv tluoughout the school Aeai The ciiiiiciilum cairies a comse in Sex 
Iljgiene foi uomen students The eiuollment is ahvacs laige A niimbei of 
these •souug yomeii oliiiiteeied foi the stud\ and took considerable interest 
in out findings In addition to this gioiip se\eial special students fiom our 
oim department ueic aAailable foi the expel niient over the entne period 
September, 1027 to Septeinbei 1920 
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NO or MEN 

VVER VGE 

COXSCMPTIOX or OXYGEN (C C PEP 

IIINCTE) 

SLBTECT 

STPL Vli CTCIiES 

1-4 DWS 

DURING 

5 S DS.YS VETEP 

! 2 WEEKS MTEf 

COVERED BY 

BEFORE 

MENSTRUATION 

END OP MEX j 

END or MEN 


EYPERI^EENT 

AIENSTPL ATIO'^ 

1ST 

2nd 1 

i STPU vnON 1 

1 STPUATION 

I 

M 0 

II 

7 1 

i 

201 

191 

1 

1S9 

199 

1 

1 

201 

G tv 

12 

1 207 

193 

195 

208 

203 

m 

H M 
rr 

1 

J 1 

i 

1^7 

1S3 

ISS 

197 

i 200 

B B 

V 

*) 

1S5 

ISl 1 

175 

IS 3 

j 187 

L H 

TI 

B M 

S 

1 195 

195 

1 ISS 

[ , 

IPS 

1 

197 

3 

200 

199 

1S7 1 

I 104 

201 

VII 

A 

nij 

J 

196 

186 

loO 1 

103 

107 

A c 

IX 

*) 

ISO 

187 

1S3 

105 

103 

V K ^ 
X 

7 

i 190 

» 

( 

ISS ' 

1S7 

id:; 

102 

M E ! 
XI 

. 

1 ISO 

177 

176 f 

ISO * 


E E 
XII 

j 

! iss 

182 

181 

106 

ISO 

B T 

xrn 


j ISO 

173 

175 

17S 

ISO 

XI T 
XIV 

» 

. 101 

188 

100 

1 

102 

190 

0 L 
XV 

fi 

j 207 

197 

1S7 

i 205 

206 

\ p 
XVI 

4 

1 lOS 

106 

101 

100 * 

201 

a 0 

XA'II 

*> 

J 

' 1S7 

1S7 

‘ IS*" 

106 * 

107 

L C 

will 

1 

107 

IfiS 

' 1S6 

j 200 1 

1 100 

c n 

XIX 

4 

' IS'i 

172 

1 
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1 1 
; isi 1 

191 

E P 

xx 

3 

1S7 

' IDO 

101 

' 1 

1S2 

1S2 

P At 
XXI 

4 

ISfi 
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1 

' 17S : 

1 ISO 1 

103 

I. K 
XMI 

<5 

, 200 

IOC 

' 201 

1 

203 

206 

V n 

4 

lor, 

1 i^r, 

1S5 1 
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THr JOLR^AL OF LABORATORA AXO ( LINK Ah MFOIOIM 


K) 


The closed ciiciiit oxygen eonsiimptiou tjpe of nppaiatns ^\as utilized in 
this ivoik Routine lecoids of huceal tempeiatuie, lOom tenipeiatuie, pulse 
late and haiometiic piessuie were taken All tests ueic made in the leclin 
mg position and in the eaih inoinmg, fouitcen to sixteen houis aftei the 
pievious night’s meal The loom tempeiatuie i\as maintained at a eomfoit- 
ahle level with plenti of ventilation Eien subiett vas allowed a lest peiiod 
of thiitv minutes hefoie hegmning the test Indniduals with an indication 
of am ciiculaton deficienci weie extluded fiom the e.xpeiiment Eieri 
step was taken to insnie tomfoit toi the suhiects duung the tests 

A test for leakage in the appaiatus pietedcd eien deteimination To 
insuie against am possihiliti ol neiionsiiess in toniiection with the fiist test 
of a senes, each suhiect was allowed pieliminan tiials 

Tests weie made on 22 diftcient suhiects coieimg a total of 118 meii- 
stiual cj ties Each cycle imohed 5 tests distiihuted as tollows One to 
foui dais hefoie the meiisti nation two tests diiimg mensti nation, the fiist 
one nsuallv falling on the fust oi second dac file to eight dais aftei the ces 
sation of meiistiuation and lasth two weeks attei cessation of mensti nation 
The figuies shown in Table I aie dcincd tiom suhiect No II (G W ) 
The cuive accompam mg Table I is the lesult of the plotting of averages 
This cuive lepiesents m geiieial the tcpe of cune seemed foi each subject 
The aieiage consumption of oxegtn ioi each suhiect dmmg each period 
of the expeiiment is gnen in Table II It will he noted that with one excep- 
tion suhiect XIX, these lesults indicate a low oxi gen consiunption duimg 
mensti nation About one-half ot the suhiects showed one oi two mensti iial 
peiiods 111 which oxvgen consumption duimg mensti nation had a tendency to 
use ahose the pvemcnstiual consvuwptiou These, howe\ei were much in 
mmoiiti and the figuies weie m neaih cieii case low ei than the consump 
tion file to eight dais aftei cessation of mensti nation The values seemed 
do not indicate a piemenstiual use The pciiod of highest oxi gen consump 
tion seems to be two weeks aftei cessation of mensti nation 
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bTLDY ON A SERIES OF ARTHRITIC PATIENTS UNDER CONTINUOUS 
MONO-IODO-CINCnOPHEN TREATMENT WITH SPECUU. REF- 
ERENCE TO THE ACTION OF THE CINCHOPHEN 
lilOLECULE ON THE LIVER TRACT^ 


E P CoR=!ON WniTL BA il D , Pnn adelphia Pa 


S INCE 1923 Mheii V'oibtei-DiougliC clescubed the fiibt case of cmchophen 
to\lut^ a niimbei of moie oi less taiefiilL studied cases have been re- 
ported in the liteiatme These haie been due not only to cmchophen itself 
but to its combinations and deinatnes The siniptoms aie alwavs that of a 
model ate oi seieie toxic laiindice which often lesults in the death of the m- 
diMdual The autopsi shows acute vellow atiophi of the liver wnth its asso- 
ciated pathologi' 

In the historv of these cases it is impressn e to note that the presence of 
sjmptoms of poisoning oi the severitv of the snnptoms is not proportional 
TO the length of time the cling has been taken oi to the amount of the drug 
ingested There are recoids of an almost dailv consumption over periods of 
vears, with no bad effects This is furthei substantiated bv the relatively 
small mimbei of pioied cases of vellow atiophv in i elation to the amount of 
cmchophen and deiiiatives auniialli consumed in the United States (approsi- 
matelv 100,000 pounds pei s ear) 

The one patient, Case 22 lespousible foi this stucli has taken cmchophen 
almost continuously foi six years Poisoning also has occuried a vreek or 
weeks after discontinuing the admmistration These facts indicate clearlv 
that the responsible factor must he m the individual takmg the drug 

Chemieallv, cmchophen is a pheinlqumolme carboxylic acid VThile the 
fate of these compounds m the sc stem has been studied m the past, these 
investigations base thrown bttle light on the natiiie of the decomposition 
pioduets and then elimination-^ < Howevei it is reasonable to heheve that 
the In er plas s a part in the decomposition of these complex products with the 
formation of secondarv products of a moie or less specific toxic action on this 
01 gan 

It theiefore seemed to us to be of calue, befoie instituting medication 
with cmchophen preparations, to examine the patients carefullv foi anv evi- 
dence of In ei or possible pancreatic dysfunction 

In this stndv a gioup of arthiitis cases that nndei the pies ions tieatment 
had failed to icspond, weie set aside for treatment w ith mono-iodo-cinchophen 
In all a Instois and phvsieal examination were obtained with extreme 
care making especial effort to locate the original foci, so as to exclude anj 
ai^l cases showing factors suggestne of disease or inefficiency of these or- 

•From the Laboratories of the Orthopf-tllc Ho-pital 
RcccUcd for publication \prH 30 1331 
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Tlir TO! ItNAI 01 IMIORVTOin \M’ ( I;IMI AIj MIOKIxr 


]b 

gaus The iiiaiout’s of the patients ndc di.niu from the clinic senice ot 
Di W" J Tajloi and the lahoiatoi\ btndies neie made in the laboi atones oi 
the Oithopedic Hospital Idiiladelphia Fa 

r\BLr I 


CASES 

1 

> 

Diagnosis 

Set ere osteo 

til ionic infit 

arthritis 

deformans 

tious 

Invoh emeut 

General 

Hands, knees 

Age 

(i3 tears 

58 tears 

Duration 

0 1 cars 

’2 teals 

Foci 

Tonsils, teeth 

Colon 

Treatment period 

17 itceks 

19 ttecks 

AV B 

Xcg 

Xeg 

BBC* 

3S80000 

4050000 


4G10000 

4420000 

At B C 

7800 

0100 


8000 

7000 

Hb 

04 

79 


74 

SO 

*X P K 

’8 4 

30 1 


’8 2 

30 

Urea 

13 4 

151 


13 0 

151 

Uric Acid 

2 1 

28 


0 o 

o 4 




Creatinin 

10 

1 8 


1 0 

1 0 

Olucose 

84 

91 3 


01 1 

88 7 

Glucose tolerance 

X 

X 


X 

X 

Levuloso tolerance 

X 

X 

X 

X 

Epineplnanc 

Xcg 

Xeg 

respouse 

Xcg 

Xcg 

Icteric index 

4 1 

4 o 


39 

44 

A’'aii den Bergli 

D- ID- 

D- ID- 

D- ID- 

D- ID- 

Bosentlnt test 

3% 15' 0 - 1 lir 

4% 15' 0-1 

2 59i 15 0-1 hr 

3% 15 0-1 

Bile drainage 

X'eg 

Xot obtained 


Xeg 

Xot obtained 

Urobilogen 

Xeg 

Xcg 


Xeg 

27cg 

Uniie findings 

Xeg 

Xeg 


3 4 e 


Cliroinc infec 

Cliroiiic lit per 

Artliiitis 

tious 

trophic 


deformans 

H inds, knees. 

Knees 


General 

elbows 




54 teirs 

02 tears 


32 tears 

3 tears 

4 tears 


3 rears 

Colon 

'fonsils 


Xot found 

]9 ttceks 

10 ttecks 


17 weeks 

Xeg 

Xcg 


Xeg 

40S0000 

41S0000 


4020000 

410000O 

40S0000 


4080000 

5S0(l 

0500 


0700 

7800 

OSOO 


7000 

7S 

S3 


50 

sO 

SO 


SO 

20 2 

20 4 


27 8 

201 

27 


28 7 

12 8 

13 2 


13 8 

13 1 

13 7 


14 

27 

23 


2 7 

28 

2 9 


24 

1 S 

1 5 


1 7 

17 

1 9 


13 

09 4 

101 4 


84 1 

101 2 

98 0 


S4 

X 

X 


X 

N 

X 


X 

X 

X 


X 

X 

X 


X 

Xcg 

Xcg 


Xeg 

Xcg 

Xcg 


Xeg 

4 

4 


4 

37 

41 


4 

D- ID- 

D- ID- 


D- ID- 

D- ID- 

D- ID- 


D- ID- 

3% 15' 0 - 1 hr 

4% 15' 0 

- 1 hr 

2% 15' 0 - 1 

3% 15' 0 - 1 lir 

5% 15' 0 

- 1 hr 

2% 15' 0 - 1 

Xot obtained 

Xeg 


Xot obtained 

Xegatite 

Xcg 


Xot obtained 

Xeg 

Xeg 


Xcg 

Xeg 

Xeg 


Xeg 

Alb neg easts 

Xeg 


Xeg 


•In each cist the first line lepicsents laboiatoii findings hefoi c ticvtincnt, the second 
line represents lahoiatoit findings aftei tieotincnt 

Tt — Indicates J^ormal Neg — indicates Negatite 


T\\ entt one cases neie accepted as being eiitiieh fiee fiom am sMiip 
toms 01 signs of litei, duodenal oi panel eatie disease as tai as eonld be 
detei mined 

The laboiatoiy examination consisted in Wasseimann tests, blood counts 
and difteiential blood chemistia, nonpiotein nitiogen, uiic acid, cieatinine 
glucose and letnlose sugai toleiances and epmephiine lesponse, tan den 
Bergh, icteiic index and Eoscnthal tests and nheie possible, a bile diainage 



CONTIMOIS AIONO'IODO ( FliVrMLNT <»I‘ VPTIlIlfl'' 

These patients \\eve thcu put on luouo-iodo cmelioplieu tu o capsules tiuee 
times daily Pne had the diiig foi secentcen ueehs foui £oi nineteen necks 
SIX foi tuentv -weeks tuo foi tuenU-toiu ureks and fom foi tv entc -eight 
weeks The aieiage length ot niiniteiiupted adininistiation totaled tnentv- 


T Mtcr I — Cost d 


6 


7 

S 

n 

10 

11 

Artlintis 

deformans 


Chronic licpcr 
trophic 

Irthritis 

deformans 

Cbronii li' per 
trophiL 

Clironie atrophic 

Chronic atrophic 

General 


Knees, vnsts 
spine 

General 

nips, knees 

Elbows, fingers 

Knees 

3S sears 


IS cears 

44 vears 

47 rears 

09 jears 

5S rears 

7 yc'irs 


1 vears 

20 cears 

3 rears 

14 months 

4 sears 

Tonsils, teeth 


Teeth 

Teeth, tonsils 

Colon 

Teeth, tonsils 

*'incses, mastoid 

17 weeks 


17 weeks 

20 weeks 

20 weeks 

19 weeks 

20 weeks 

Xcg 


Xcg 

Xeg 

Xeg 

Xeg 

Xeg 

3910000 


1970000 

4000000 

1700000 

37S0000 

4000000 

3030000 


4020000 

4000000 

4110000 

3760000 

4390000 

7100 


S2fl0 

moo 

8100 

soon 

7900 

8600 


7600 

9100 

8800 

8100 

7900 

74 


70 

78 

74 

74 

70 

76 


78 

80 

77 

74 

SI 

2S1 


31 

24 7 

2S 

20 3 

27 

281 


301 

241 

281 

27 

30 

14 


no 

12 3 

14 2 

12 9 

13 8 

141 


n 

12 

14 2 

131 

14 8 

24 


2 0 

2 2 

21 

27 

31 

2-2 


2 4 

25 

21 

26 

20 

io 


2 

1 S 

14 

20 

19 

11 


1 1 

19 

17 

1 8 

21 

88 S 


108 2 

1122 

102 4 

09 7 

98 3 

02 3 


104 1 

109 2 

1061 

101 4 

110 4 

X 


X 

X 

X 

X 

X' 

X 


X 

X 

X 

N 

X" 

X 


X 

X 

X 

X 

X 

X 


X 

X 

X 

X 

X' 

Xcg 


Xeg 

Xcg 

Xeg 

Xeg 

Xcg 

Kpg 

Xeg 


Xeg 

Xcg 

Xeg 

Xecr 

38 


3s 

38 

40 

3 7 

4 1 

39 


41 

39 

30 

30 

4 n 

D- ID- 


D- ID- 

D- ID- 

D- ID- 

D- ID- 

D- ID- 

D- ID- 


D- ID- 

D- ID- 

D- ID- 

D- ID- 

D- ID- 

IV 0 - 

1 br 

3% IV 0 - 1 hr 

V'r 15' 0 - 1 hr 

497 15' 0 - 1 hr 

'■97 15' 0 - 1 hr 

497 15' 0 ~ 1 hr 

ITr IV 0 - 

1 hr 

4% n 0-1 iir 

3% IV 0 - 1 hr 

397 15' 0 - 1 hr 

397 15' 0 - 1 hr 

597 15' n ~ 1 hr 

>ot obtained 

Xot obtained 

Xr" 

Xeg 

Xeg 

Xeg 

Xeg 

Not obtained 

Not obtained 

Xig 

Xeg 

Xeg 

Neg 


Xcg 


Xcg 

Xeg 

X’eg 

Xcg 


Xcg 

N'fg 

Xeg 

Xeg 

Mb m p 
pus coUs 

costs 

, Xeg 

Vlb casts pus 
cells 

Xeg 

Xeg 

Xeg 


one weeks home ot tluse hhoiaton tests neu earned out e\eic week in 
oidci to catch am eiulence of beginning tioiible and all were lepeated on tin 
dac on which the ding was discontinued and again one week and two weeks 
iftci the final withdiawal 


U UAl 1 

Tahh I shows the usiilt- tl) ot the examinations made befoii instuntion 
of tieatmcnt h\ mono lodo < iiichophtn and (2) of the pyanunations made after 
witluhnwal of tin dniu At no tim, dnrnur the ohsenatum ptiiod did nm ot 
theso patients show am cariation from the nomial 
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Tcble I — Cont’d 


CASES 

12 

13 

14 

15 

16 

Diagnosis 

Senile atrophic 

Arthritis 

deformans 

Arthritis 

deformans 

Arthritis 

deformans 

Chronic hjpcr 
trophic 

Involvement 

Left hip 

General 

General 

General 

Sacro iliac, left 
ankle 

Age 

73 jears 

57 years 

53 vears 

42 years 

28 vears 

Duration 

2 jears 

21 vcais 

17 vears 

12 VC irs 

9 months 

Foci 

Colon 

Teeth, tonsils 

Tonsils, ethmoid 

Teeth 

Colon 

Treatment period 

17 weeks 

24 weeks 

28 weeks 

28 weeks 

24 weeks 

W R 

Xeg 

Xeg 

Xeg 

Xeg 

Xeg 

R B C* 

3S00000 

4010000 

4180000 

3060000 

4210000 


4GSOOOO 

4350000 

4270000 

3350000 

4480000 

W B C 

7800 

0900 

8100 

7500 

7600 


8400 

8100 

8600 

8000 

7800 

Hb 

75 

78 

7S 

60 

74 


83 

85 

77 

64 

74 

X P X 

27 8 

28 6 

30 2 

28 2 

26 4 


26 8 

28 S 

28 2 

29 7 

30 

Urea 

13 7 

14 4 

14 4 

13 4 

13 2 


13 6 

14 2 

13 9 

14 1 

14 9 

Uric Acid 

2 1 

24 

23 

27 

28 


Creatimn 

Glucose 

Glucose tolerance 
Lerulose tolerance 



X 

Epinephrine 

X^'eg 

response 

X’^cg 

Icteric index 

38 


40 


Van den Bergh 
Rosenthal test 
Bile drainage 
TJrobilogen 
Urine findings 


D- ID- 
D- ID- 
2% Id' 0 
3% 15' 0 
Xeg 
Neg 
Neg 
Xeg 
Indican 


2 5 
1 9 
21 
99 4 
107 2 
X 
N 
N 
X 

Xeg 
Xeg 
40 
4 2 

D- H)- 
D- ID- 

4% 15' 0 - 1 hr 

4% 15' 0 - 1 hr 

Xeg 

Xeg 

Xeg 

Xeg 

Xeg 


Xeg 

Xeg 

Xeg 

Xeg 

41 

4 0 

45 

44 

D- ID- 

D- ID- 

D- ID- 

D- ID- 

5% 15' 0 - 1 hr 

2% 15' 

37. 15' 0 - 1 hr 

270 15' 

Xeg 

Neg 

Xeg 

Xeg 

Xeg 

X^eg 

Xeg 

Xeg 

Pus cells 

Xeg 


1 

98 9 
107 5 
X 
X' 

X- 

X 

X^eg 
Xeg 
39 
4 0 

B- ID- 
D- ID- 

470 15' 0 - 1 hr 
5% 15' 0 - 1 hr 


All of the 21 patients recoidecl iceie adiaueed cases of aitlmtis cvith 
multiple involvements but ueie a gioup appaiently without any lesions of 
the upper mtestinal aiea All took the di-ug without undue symptoms, some 
with impiovement, some without, and this factoi had appaiently no influence 
on the findings The diug w as administeied uninterruptedly in ordei that the 

resu ts might be eompaied with eases of self-medieation so common in the field 
of the aithritics 

Case 22 repiesents the oiiginal subject, self-tieated foi a peiiod of con 
months ^ 3 ears Two senes of tests were made at an inteival of six 

While this gioup of cases is comparatively small, the length of time given 
a” reported'” ">»»«'= they 
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T\bi/E I — Cont’d 


17 IS 19 

Arthritis Atrophic Hi pertrophic 

deformans 


20 21 

Multiple infec Hvpertrophic 
tious 


22 

Arthritis 

deformans 


General 


Hip 

Shoulders, knees 

67 years 


58 years 

42 sears 

28 leirs 


8 sears 

i \ears 

Smnses, ehtmoid 

Sinus, ethmoid, 
sphenoid 

Golon 

2S weeks 


20 weeks 

20 weeks 

Xeg 


Xeg 

Xeg 

4050000 


4210000 

3710000 

4110000 


4180000 

4220000 

8200 


8000 

8000 

8100 


8800 

8900 

lO 


SO 

75 

74 


80 

84 

26 8 


29 3 

27 2 

26 6 


281 

27 4 

13 4 


15 

14 1 

13 4 


14 3 

13 8 

31 


27 

3 3 

28 


28 

30 

19 


12 

11 

IS 


16 

17 

861 


94 3 

96 2 

85 7 


99 5 

99 4 

X 


X 

X 

X 


X 

X 

X 


X 

X 

X 


X 

X 

Xeg 


Xeg 

Xeg 

Xeg 

Xeg 


Xeg 

4 0 


35 

39 

41 


33 

37 

D- ID- 


D- ID- 

D- ID- 

D- ID- 


D- ID- 

D- ID- 

3% 15' 0 

- 1 hr 

4% 15 0 - 1 hr 

3% 15' 0 - 1 hr 

3% 15' 0 

- 1 hr 

397 15' 0 - 1 hr 

5% 15' 0 - 1 hr 

Xeg 


Xeg 

Xeg 

Xeg 


Xeg 

Xeg 

Xeg 

cells 

Xeg 

Xeg 

Alb , pus 

Alb pus cells, 
casts 

Indican 


Elbows, hands, 
knees, inkles 
23 lears 
9 months 
Teeth, tonsils 

28 weeks 

2s eg 
3650000 
4260000 
6500 
8100 
73 
80 
30 
301 
14 9 
14 9 
3 1 
27 

3 8 
19 

107 3 
99 9 
X 
X 
X 
X 

Xeg 

Xeg 

4 

39 

D- ID- 
D- ID- 

4% 15' 0 - 1 hr 
4% 13' 0 - 1 hr 

Xeg 

Xeg 

Xeg 

Xeg 


Lumbos icro 
iliac, elbows 
19 years 
4 sears 


20 weeks 

Xeg 
4130000 
4180000 
11200 
9100 
SO 
SO 
30 
29 4 
14 8 
13 9 
2 9 
29 
1 9 
20 
loss 

110 3 

X 

X 

X 

X 

Xeg 

Xeg 

39 

39 

C- ro- 
ll- ro- 
4% 15' 0 
5% 15' 0 


I hr 
1 hr 


Xeg 

Xeg 

Xeg 

Xeg 


General 

52 rears 
17 rears 


6 rears, 9 mo 
(Cinchophen) 
Xe® 

4010000 
4090000 
7200 
7600 
SO 
79 
26 3 
26 5 
131 
13 3 

29 

30 
1 5 
14 

1113 

101 7 

X 

X 

X 

X 

Xeg 
Xeg 
4 1 
40 

D- ID- 
D- ro- 

4% 15' 0 - 1 hr 
49r 15' 0 ~ 1 hr 

Xeg 

Xeg 

Xeg 

Alb , casts 


1 As a inediod of possible safeguarding those peisons using tliese dm-s 
- As au effoit to determine n reasor? ^ 

the appearance of toxic leactions from cmchopen amf uTcon-ener^^ 

<..soa,e 

KEFEPENCES 

; ... .. 



DIABETES MELLlTbS AXD THE GASTBIC SECRETION't 


Bv MrcnAEL G Worn,, il D PiiiLADLLPiru, Pa 


I N THE tieatinent of patients with diabetes mellitiis tlieie has been insnffi' 
cient stiess laid on the "astiomtestnial tiact The hifih giadc spastie 
obstipation is fierpienth commented upon, ]l 0 ^^e^el, tlic not uncommon gas- 
tiic complaints such as anoie\ia feeling of distention loeali/ing discomfoit 
aftci meals, and inabilit% to consume the allotted amount of food liaAC not 
attiacted as much attention as thei deseme 

Of 110 patients uith diabetes mellitus, studied at the ]Meic\ Hospital, 
Council Bluffs, Iona and at the Temple Unneisit\ Hospital, Philadelphia 
19 patients pieseiited simptoms lelated to a distuibed gastiointestinal fiuietion 
The gastiie contents ueie studied Iia the £i actional method in 33 cases, 10 
of uhom manifested some gastiointestinal SMiiptoms Roentgen cj.aniiiia- 
tions ^eie made in 12 patients and in 24 the stool iias examined In 10 the 
dnodenal contents iieie obtained bi means of the duodenal tube, and studied 
foi the piesenee of panel eatic ferments 

At piesent I shall confine miself to the consideiation of the gastnc 
aciditi The gioup ot patients compnsed 21 tem.iles and 12 males 

The amoniit of sugai m the fasting blood \aiiod fiom 160 mg pei 100 
cc ot Wood (the lonest) to 380 mg (the highest) Eighteen patients out of 
the 33 slioned a In^maciditi and achloihi tlua Eleven shoiied aehloilndiia 
and seven Inpoaciditi Pom patients liad a Ini^eiaciditi Eleien shon ed 
an aeiditv nithiii the iionnal lange Tno out of the lopeiaciditi gioup com- 
plained of a biiniiiig sensation aftei meals and of a maiked constipation 
Pom out of the noimal group had some gastiointestinal complaint The pa- 
tients neie iilaeed on piopei diabetic diets, and iiibuliii ivas administeied 
11 hen diet alone did not snffict to i educe the Wood sngai to a level of 120 
to 130 mg pel 100 ec and nhen the mine still slioned siigai The patients 
nitli hjpoaciditi and aehloiliidiia ncie gi'cn, in addition, dilute h 3 dio- 
clilonc acid nith each meal (Sec) The gastiic simptoms disappeaied in 
11 patients Befoie the admiiiistiation of dilute li^ diochloiic acid, thej^ 
exhibited some gastiic sMiiptoms Tno had cluomc cholec\ stitis, one of whom 
nas opeiated upon and impioied, one has not impio\ed (Table I includes 
a summal^ of these patients nith achloilndtia and lu-poacidit^ ) 

That the smiiptoms might bt attiibuted to the achloihj diia can be de- 
duced fiom the fact that no gastiointestinal pathology nas demoustiated bi 
the loentgen lai in 10 patients, then gastiic complaints disappeaied oi dimin 

ilelphia^^Pa" L>l,) ii tnient of InteinU Ucdicinc Ttuple l^nivciMti Medical School Philn- 
Hecelied fot publication Ipril 14 1931 

1Thia studi ms comniencecl at tlie Mtrcf Hospital Council Bluffs Ion i in 19 Jo since 
1929 it Ins been continued nt Temple Unnersita Hospital Philadolpliia Pa 


oo 
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isliecl aftei the admniistiatioii of the dilute liydiochloiic acid I am awaie 
of the fact, houe^ei, that acliloihvdiia and hvpoaciditv existed in file of 
the patients cvithont aiiv gastiic symptoms 


TVBIt I 


C\SES or Divbetes Sho^msg Aculopiicdhia \sd Hapovciditt 


SEX 

AGE 

PPOBCBLE 

DCP \TION 

OF 

DI VBETES 

BLOOD SLGVP 

^[G PER 

100 C C 

LPI\F SLGVP 

PEP CENT 

O 

50 

fa XT 

230 

20 

$ 

40 

3 yr 

190 

16 

0 

45 

4 vr 

200 

14 

2 

48 

6 xr 

200 

16 

2 

50 

S %r 

190 

14 

2 

55 

S xr 

220 

2 5 

2 

48 

12 XT 

210 

18 

2 

46 

7 ^r 

180 

03 

S 

65 

15 XT 

005 

2 2 

2 

54 : 

12 XT 

200 

IS 

$ 

50 

11 XT 

200 

16 

6 

50 

8 JT 

200 

IS 

s 

46 

3 XT 

200 

14 

5 

57 

7 vr 

280 

24 

o 

35 

2 vr 

190 

1 2 

6 

46 

9 xr 

210 

2 3 

9 

58 

11 vr 

190 

1 4 

g 

52 

13 XT 

! 

1S7 

12 


CCETOSE 

ASD G\STRIC \S \LYSIS 

DI VCFTTC 


Free HCI 0 

Totil scid lUTC _ 10 

1 Free HCI 0 

Totnl ncid mix . 14 

Free HCI 0 

' Totil acid max _ 11 

I Free HCI 0 

Total acid max _ 1 

' Free HCI 0 

I Total acid mas 17 

I Free HCI 0 

Total acid max _ 15 

Free HCT 0 

Total acid max _ 38 

Free HCI 0 

Total acid max _ 25 

Free HCI 0 

Total acid max _ 31 

Free HCI 0 

Total acid max _ 30 
Free HCI 0 


Total acid max._ 30 

Free HCI 5 

Total acid max.- 50 
Free HCI max _ 5 
Total acid max _ 30 
Free HCI max._ 18 
Total acid max— 41 
Free HCI max— 11 
Total acid max _ 38 
Free HCI max _ 12 
Total acid max _ 45 
Free HCI max _ 6 
Total acid max.- 20 
Free HCI max _ 12 
Tot il acid max 4S 


Knonledjre of the gastiic acid.tx m patients xMth diabetes inellitns max 
be of xalne in the inteipietation of mttabolism of carbohx drates Glucose 
metabolism depends upon the actixitx ot sexeial factors Amon- these ab- 
soiption (mtestiiie) stoia,m (hxei) and nt.li.at.on (tissues) (insulin is oiilx 
one bilk 111 the Cham) aie of pnme importance ^Miethei the lapid emptxnn- 

the flnctnatioii in blood and niiiic sn-ai is difbcnlt to state at the pi'es^? 

a fiiiictioiial hxperchlolhxdiia beirnis to xhoxc sii-ai m'^le 

achlorhxdin clexilops Gxplaiiations toiiterniii- the fnn t 

« 1 -Mnit of dmestix, oi.ans and tin ^lood Mlm^^ oncentratir urliorr, " 
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ing We owe to Camiindge and Howaid- the ciedit ioi focusing our atten- 
tion on the fact that tlie functional distiii bailees of gastiit secretion play a 
part in caibohydiate nietabolisni 

The> aie of the opinion that the alkaline secretion (pancieatic) below 
the pjloius A\hich is initiated by the gastiic Indiochloiic acid causes a lela- 
tiAc acidosis, they asciibe tins to the abstv action of tlio bases fioni the blood 
for the foniiation of pancieatic secietion They haye also shown that the 
entiance of alkaline bases into the cncnlation is actompanied by a loneiing 
of the blood-sugai lei el, and iice icisa an nicicase m the fixed acid of the 
blood causes a use m the blood sugai The intimate lelation betiicen the 
acid base equilibiiiim and sonic phases of caibohidiate metabolism finds a 
measiiie of coiioboiation in the fiequency iiitli iihicli h3peigli cemia and 
glycosuiia aie noise m the eailr moiniiig houis in some patients nith dia- 
betes Thus Leathes^ finds a high CO™ of the aheolai an immediately upon 
waking, due to the accumulation of CO« in the blood diinng sleep Tins rela- 
tive acidosis tends to disappeai dining the eoinse of the moinnig, due to the 
leaetnation of lespnatoit eeiitei nith a fall of CO_ in the blood Watson^ 
has suggested that the same piocess maj" be a faetoi in causing an inciease 
m the blood and unue sugai dining the eaily part of the dai 

Piee hjdioehloiic acid is coiistantlv absent in penncious anemia The 
achlorhydiia is geneialh legaided as a diagnostic ciiteiiiuii of peimcious 
anemia It is of mteiest in tins connection to note that the fasting blood 
sugar m 16 patients with peiiiieious anemia was found by Johnson' to be 
aboie iioimal Bennie® peiformed glucose toleiance tests in 19 patients with 
pernicious anemia and found defiuitelj- abnoimal toleiance cuiies in 58 per 
cent (11 cases), 8 of these having piolonged cuiies, 3 abnoimalh high The 
abnonnalit}’ of the cuiies had no lelatiou to the hemoglobin, red blood cell 
count age, weight, tempeiatuie, oi pulse rate It Mould not be nrational to 
account foi these ciiiies by the abnonnal phvsiologic actmti of the diges 
tiie appaiatus 

Watson' has obtained iii 6 patients nith achloi hi diia sugai toleiance 
ciuves that speak foi a distiubed caibolndiate metabolism In 3 of them 
an inteimittent glucosiina uas the onh svmptom suggestive of a defective 
eaibohj'diate toleiance 

Di D Meianze and I earned on some obseiiatious on nondiabetic hos- 
pital patients fiom Di H B Shmookler’s seinice of the hlonnt Sinai Hos- 
pital, that would tend to indicate the influence of the admmisti atioii of hj- 
diochloric acid on sugai toleiance cuives Patients weie selected who have 
shoMii an absence of fiee hjdrochloiic acid and who haie shown no dis- 
tnibanee in caibohidiate metabolism One and seventj*-five hnndiedths gm 
of glucose pel each kilogiam of bodi ii eight i\as giien bj' mouth on empti 
stomach The glucose iias dissolved m 400 e c of watei and flavoied with 
lemon luiee Samples oi blood for blood-sugai estimation were withdrawn 
in the fasting state and then eiery half horn foi the fiist hour and tiio houis 
latei Blood-sugai determinations weie made by the Polin-Wu Micio blood- 
sugai method Two davs latei the same amount of glucose was given and in 
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addition the patient drank 5 c c of dilute livdiochloiic acid with the glu- 
cose, and one hour latei another dose of 5 c e of dilute hTdiochloric acid 
was'^nen Table II illustrates the lesiilts of some of these es:penments 


Tvble n 

ScGvn Tolepvnce Test 


Fqsting Blood 03 mg per 100 c c 

I hr iftcr ingestion of glucose _ _ _ 12S mg per 100 c c 

1 hr nfter ingestion of glucose _ _ _ 171 5 mg per 100 c c 

2 hr after ingestion of glucose _ _ - 90 mg per 100 c c 


C\SE 4 — Mr M T Free HCl 0, total aciditi ma\ 17 
Glucose plus HTdroehlonc Acid { 5 c c ) 

Another 5 c c iras given at end of first hour 


Fasting Blood _ _ _ 

_ 

- . , 120 

mg 

per 

100 

c c 

1 hr 

_ _ 

_ - _ 24S 

mg 

per 

100 

C C 

i hr _ - - - - 

_ 

_ _ _ 27S 

mg 

per 

100 

c c 

2 hr - - - - 

- 

- - - 171 

mg 

per 

100 

cc 


StGAP 

TOLEPWCE TI^T 




Fasting Blood _ _ , 


_ _ _ 80 

mg 

per 

100 

c c 

1 hr after ingestion ot 

glucose 

_ _ - 111 

mg 

per 

100 

c c 

1 hr after ingestion of glucose 

- _ - 129 

mg 

per 

100 

c c 

2 hr alter ingestion of 

glucose 

_ - - 120 

mg 

per 

100 

c c 


of blood 
of blood 
of blood 
of blood 


of blood 
of blood 
of blood 
of blood 


of blood 
of blood 
of blood 
of blood 


C\SE 7 — Mr J W Free HCl 0, total aciditv mai 20 
Glucose pins Hvdrochlonc Acid (See) 

Another See ivas given at end of first hoar 


Fasting Blood 

. - 110 

mg 

per 

100 

e c 

of blood 

1 hr _ - - 

- - _ _ - 21S 

mg 

per 

100 

C C 

of blood 

i hr _ - _ 

----- 20G 

mg 

per 

100 

C C 

of blood 

2 hr _ . _ 

- _ - . _ - 185 

mg 

per 

100 

c c 

of blood 


Comment Achloiludna has been found m fiom 4 to 6 pei cent of ap- 
parenth normal peisons ^ This agiees with the Mork of Bennett and Evle," 
who m 100 medical students of an aveiage age tnentv years, demonstrated 
a complete absence of free Indrochlone acid m four persons Other m- 
\cstigators Lockwood (quoted bv Ahare?^) Eggleston'" encountered aelilor- 
In dna in from 6 to 10 pei cent of noi mal eases 

The oceuncnce of achloihi cliia and hsTioaciditv m diabetes mellitus is of 
gieatei fiecpienci than noniialh found In our studv, aehloiliydiia occurred 
in about 83 3 pei cent of the cases and hvpoaeidity in 21 2 per cent That 
oceiuicnco of aehloiht diia iii diabetes mellitus has not been giten its proper 
\alnation niav be gleaned fiom Faber V' ivoik He states that of all aclilor- 
Indiia individuals 10 pei cent deselop peinicious anemia and 90 per cent 
niai snflei fiom oxoplitlialnuc goitei aithutis deformans cholecvstitis He 
fails to mention diabetes mellitus 

The lelative fioquencs of achloiludna and Inpoaciditv is indicated in 
Table III 

Bowen and Aaion,>= and Joslin ' found achlorbidna m 27 3 per cent of 
cases The incidence of achloiludna in diabetes mcluding this group is 28 7 
per cent A prominent simptoni in Bowen and Aaron s patients was the 
dial rhea Anording to them dm rhea was not noted unless achlorludna 
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TVBLE III 


Gistkic Acimit in BnDfciFs AcrniiDiNc to 

Tin 1 Of ]’ 

vTifM iNoDumriON of 
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existed Actoulinn' to oui stiuh diaiilica m,is not a ji(t|mnt sMiiptoni 01 
the 11 patients ^^lth achloiludiia, one patient Loniphuned ot diaiilua and 
111 anothei nas an altcinatin^ diaulica and constipation In t]ie patient 
with diaiihea tins nas checked hi the adiiiinistifition ol dilute In di otliloiic 
acid In the second a colitis nas denionstiated hi siyunoidoscopic evamma- 
tion If IS mteiestiiij; to note that the patients shoiMiip: acliioilirdiia had 
diabetes of a long elniation The knonn causes foi aehloihidiia and liipo 
aciditi such as choleci stitis tnbeicnlosis, eaieinonia of the stoiiiaeli and 
peinicioiis anemia liaie not placed a lole in oni patients, as in onli too 
patients iiitli acliloiln diia theie nas denionstiated a eliionic elioleci stitis 

The lelationsliip betneeii the ehloiide metabolism and the secietion of 
flee hi diocliloiie acid in the stomaeli is iiell established It is significant 
that in diabetes one fiequentli finds a diinnmtion of ehloiides ni the ])an- 
cicatic secietions iliei-Bish” has noteel in diabetes a close paiallelisin be 
tneen the lednetion of paiicieatu feniients and the chloiides in the pan- 
el eatic 3 iiice 

Lee Posliai^'' has also obseiied a leduction of the seimii chloiide con 
leutiatioii with a coiiesponding inciease of the chloiide in the blood coi 
pnseles iiben the blood sngai i\as inci eased, in otliei iioids in diabetes the 
eliloiide IS in a less aiailable foini foi foimation ot In di ocliloiie acid bi 
gastric glands than in liealtli 


f OAcni sio\s 

In the treatment ot patuiits iiith diabetes mellitns attention should be 
giien to the gastiointestmal tract In a lespcctable nnmbei of patients an 
Khloilndna and Inpoaciditi mai be denionstiated 
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The adnunistiation ot dilute Indioehlout acid in addition to the diabetic 
ie{riinen mac lessen the gastuc complaints in such peisons 

Theie is some clinical and laboiaton eMclence ot the lelationship ot a 
distnibed gastuc tunction to distuibed carbolndiate metabolism It sucrgests 
itself that in the inteipietation of abnonnal sugai toleiance ciiices one should 
also considei the pln'smlogic function of the digestne tract 

I ■nish to espress nn span (.ntioii to Dr Win F^hert Kobertson for Ins man) c iluaoic 
suggestions in tlic prepsntion of the work md to Dr nerninn lobr of Oiinin Xobriskn 
snd Dr D itennre for tcclinusl ossistsnic 
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Report op Two Cases "With Recoa’lba of One Eoli owing Bacieriopuage 

Thcrapa 


B\ B F Stout MD, Svn Amonio Tena‘' 


A cute infectious ca’icinous sinus thiombosis is <i lelatnih laie disease il 
■ one considers the nunibei of cases lepoited m tlic liteiatuie IIowc^el, 
it IS possibh inoie common than these lepoits show cases ottuinng which 
aie eithei not lepoited oi not iccognizcd as such 

The most extensne tieatise on this subieet is tlie book be Eagleton ’ who 
in 1926 collected the leports up to that time and added in detail 26 cases of 
his ow n Smith, = in 1918, lei lew ed the litciatui e and found less than 300 cases 
leported up to that time Dixon,’ in 1926 lepoited 10 cases one with ieco%- 
err, but which he legaided as an eiioi in diagnosis 

Regal ding the piognosis Dwight and Geimain,'' in 1902, collected 182 
cases fiom the liteiatuie and found that 7 pei cent of these patients lecoicied 
spontaneoush Babbit,'* commenting on this, stated “that 7 pei cent lecoi 
eiies must laise the question of diagnosis without aiitopsi ’’ Smith= ex- 
piessed the opinion that “on the assumption that the clot in the sinus was not 
infected and consicleiing the gicat niimbei of obseiveis, the fiagmentaii 
charactei of mam of the lepoits, and the possibilities of inaccuiacies and of 
eiTors 111 diagnosis, wo aie foieed to the conclusion that thiombosis of the 
cavernous sinus is piacticallj alwajs fatal if the thioinbus is intoctecl and not 
diained ” Dixon concluded “that meningitis follows so closely aftei the me 
symptoms develop that septic thiombosis of tlie caieinous sinus is a non 
siugical complication and that lepoited cases of iccoieii weie piobabh 
eiiois in diagnosis ” 

This papei has to do with the leport of two cases, the fiist with classical 
symptoms, which lecovcied completely without sequelae and in which radical 
siiigeiv was not employed, but dependence placed on the use of antistaphj lo- 
cocciis bacteiiophage filtrates and blood transfusions A second case, also 
tj'pical, but which came under obseivation too late for any hope of lecoieij 

C \SE 1 — Patient, L D , female, aged sixteen P imih liistorj neg itii e Past liistori 
Perfect health up to the time of the present illness On Julj 19, 1930, a small furuncle 
ippeared on the center of the chin just below the border of the lip and was treated by 
local application of hot fomentations On Ji.li 23 it was lanced, little pus beuig found 
The bp began rapidly swelling and she entered tlie Medical Arts Hospital on the next 
morning with a temperature of 1012° which rose to 103 2° the same dav One cc ot 
bacteriophage was injected under the shin and a wet dressing of it used locally On the 
following dav the lesion was cauterized deepb with the thermocauteii and the bactcnoiilnge 

•Received for publication April 3 1931 
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trcataent repeated On the foUomng dar, Jnlv 2C (the seventh dav), the svreUmg had 
np.dh spread np the right side of the face, avitli contmued high temperature to 10 r 
Because of the ccHuhtis ^iith no pua forming in the lc:>ion, 50 c e of antistreptocoeei-s se 
was guen in the belief that it was a streptococcus infection 

On Juh 2S (the ninth dav) the first Wood count was made showing a low total 
leucocite count of 7 800 but with OG per cent neutropbiles, 57 per cent of which were im 
mature forms constituting a dangerous left nuclear shift A Wood culture and cultures 
trom the lesions were made Vll showed Staphvlococcus aureus, the blood m one c c amounts 
in 80 c c tubes of broth vielding a bcavi growth in ten hours Bv the nevt morning (the 
tenth dai ) swelling was intense over the right side ot the face, involving the right eye which 
showed evophthalmos and ehemosis The right side of the nech was also brawny and hard 
The temperature rose to 103 4” and the blood continued to show a most dangerous picture 
Bi Julv 31 (the thirteenth daa ) the left eae was involved but to a less extent than 
the right, which showed now extreme exophthalmos and ehemosis The thrombus had invaded 
the left side of the sinus The lids were swoUen shut, were a Wuish purple, pitted on 
pressure and could not be opened enough to permit an examination of the eyegrounds The 
tension was so great that pressure necrosis was feared, and it was decided to make super 
ficial linear incisions in the lids and conyunctiv a to relieve the tension This was done 
together with a small incision in the swollen cheek 2vo pus was found Beference to Table 
I will show the extreme gravitx of the Wood picture from dav to dav, the temperature range, 
and the therapy used 


Bactenoplnge was at first u'cd subcutaneously and locallv, but in view of the heaw 
blood stream infection, ui addition to the rapid increase in symptoms, it was decided to 
use it intravenously This was done dailv with doses morning and afternoon on three of 
the dais Julv 29 (the tenth dav) 4 ee were given subcutaneously and on the thirtieth, 
9 e c in divided doses were given under the skm The intravenous treatment was well 
home, being at first followed bv short but definite chills, those later becoming mild On 
August 3 (the sixteenth dav ) urtieann with painful lomts developed and because the in 
travenous injections of bacteriophage greatlv aggravated these symptoms, it was abandoned. 
The urticaria was cndoubtedlv caused bv the antistreptococcus serum which was given, on 
Julv 26 A blood culture taken at this time and cultured both in broth and on agar plates 
remained sterile after seven da vs incubation. 


Beference to Table I wdl show the number of blood transfusions and the use of para 
thomione and calcium given for the control of the urticaria and other therapy The total 
Icucoevto coent began to nse though the neutrophiles and nuclear shift did not show much 
improvement An occasional eosinoplnle appeared which mav have been due to urticaria 


Bv August 6 (the nineteenth dav) the swelling in the neck and face had begun to 
improve and the wound in the lower hd showed signs of healing as did the superficial in 
cisions in the cvclids The exophthalmos and ehemosis in both eves was stiB marked but 
the hds could now he separated for examination of the evegrounds The pupil of the right 
eve was somewhat dilated hut the ophthalmologic examination showed nothing but congestion 
ot the retinal veins while the nerve and macula appeared normal in both eves The patient 
was still unable to voluntanlv raise the hds ot cither eve From this time until August 22 
the swelling except for bulging of the eves had subsided completely, with healing of the 
incisions The patient’s mind was clear and her appetite good However, the blood picture 
showed liigher total counts of the leucocvtcs, a marked left nuclear shift and she had oc 
lasional dclinum when asleep 


Tlic temperature was somewhat lower in range but headache with pam in the back 
of the head grew incrcasinglv severe until on August 23 (the thirtv second dav) she became 
verv lU with vomiting and severe pain in the back of the head and neck Tlie leucocvtcs 
rose to 20,000 and the temperature to 103 2” \t 4 00 Pit a lumbar puncture was made 
Molding r, c c of a turbid fluid under high pressure The cell count showed 1100 per cmun 
while direct smears and culture, sfiowed numerous staphvlococci One cc of hactenonhatre 
was introduced into tlu sp.nal canal W I had no precedent for the intra.sp,nous use 
of bacteriophage I dcc.did on 1 e c as a trial do c \ blood culture taken at this time 



ItNlPUlVTUllF F OTUl- U t r1 M MIKS 


30 


nil-. loiniN M-i 01' JjAhokaior^ am> (ia\i< vi. midkim 







U\ti(.nnii s<Hoio 



s/ii/ 50 | SO 111 i jn.twol 



32 


rHL JOUK^AIi OF LABOKATORl VND CLIMCAI; MLDIPIXL 



I’liiHl blood> irom tTniimn 


btKTIO l,\^tR^OUS M.NUb illKOMBoM-- 





34 


THI lOm.NAI OF lAltOliA’lOIv’V MIPKIM 


g‘x\6 310 subsc(j 33 ti 3 t gro 3 NtU Thc 3io\t 33ioriini3> it 'I 00 A M tlic lilood count ttliowcd 13,400 
leucocctes The shift ms inoic to the nght md the inticnt felt coiisidcnbh bettor At 
11 00 A At a luinbii punctilio ms iinde, the fluid being less under pressure iihilc the cell 
count shoived non 370 cills Siiico no reaction followed the ^ c t dose, 4 c i of Inctcnopli igc 
nerc injected into the spin il c in il The teinjiei itiiri losi onli to 101 4° folloiMiig this 
Lumbar punctures noio made d iih foi the tolloning foiii dns, c icli time i cc of bac 
teriophagc being introduced iftci the fluid n is mtbdi inn Onl\ 10 c c of fluid niis nith 
diawn because of the fc ir of distuibing the lesions iboic 

The patient iraproied rapidh, sleeping inucli of the time, the appetite returned, but 
she complained contiiiuallj of headache, nliich nas controlled be codeiii The temperature 
dropped close to normal after the second intraspiiioiis injection of b ictenoph ige and the 
blood picture impioved On Septembei 3 Tomiting and pain in the head and right cie re 
turned, howciei, the tenipei atiire range n is not high, and the blood picture was ncarh 
normal Another lumbar puncture nas made, shoning a clear fluid under noimal pressure 
and with a cell count of IG Cultures from the fluid Molded no gronth aftci scion dais’ 
ancubation Again Ice of bacteriophage nerc giicu intr ispiiioiish The temperature 
rose to 1014° The urine, which had been c\aniinod dull since the patient’s entiancc 
to the hospital, at this time slioncd i laigc iniount of pus nitli staphi lococci and B cob 
On September 4 a cistoscojii and uictcial cathetenr ition nas done, the urine from each 
kidney showing jius with staph' loooeci and B cob Allied st iphilocoeous and cob bac 
teriophagc nas nitioduccd into the kidnei peliis Folloning this the urine slioncd lanable 
amounts of pus fiom 2 to 4 plus Loc il bliddci irrigitioiis and instillations were made 
daily 

Baetenophage treatment In subcutaneous injection nas resumed on Septcinbcr 13 
(the fifty third dai) and was folloncd bi no leaction of am kind The blood picture from 
day to day showed an inei easing leucosis, a lariablc nentiophiba and a marked lott nuclear 
shift The patient hid, of coiiise, lapidli lost Height fiom the first and by now nas 
emaciated and eytremeli ncak The C'cs, folloning the intiaspiiioiis injections of bac 
teriophago had rapidli improied nith ability to yoluntanli raise the lids, the ciophtlnlmos 
subsided, yision nas good mth the exception of diplopia, and the patient nas in good 
spmts The tcmpciaturo reached nearli normal in the mornings but rose each afternoon 
On September 13 (the fifti fifth dai) the temperature rose to 103 8°, the leucocj'tes to 
17,350 and nausea and lomiting with headache returned A lumbar puncture yielded a 
clear fluid under noiiiial piossuic with a count of 21 cells Cultiiics of the fluid ncre 
again sterile Anothoi blood cultuic was made nhich gaic no grondh Tno cc of bac 
tonopliage were injected into the spinal canal 

Tlie urine at this time shoned a 4 plus pus nitli B cob but the fear that the in 
fected sinus nas still causing the simptoms, in spite of iicgatiio spinal fluid findings, was 
so strong that treatment of the kidiiei pehes was not done until October 1 (the seienti 
first day) On this day nausea rcappeaicd mth chilli sensitions, tlie total leucocitcs rose 
to 22,800 though the neutiophilcs neic onli 73 per cent and the nnclcai shift not marked 

The ureters nere catlieterized, pus being found from the nglit ureter, and argirol was 
injected into the kidney peliis Pollomng this the tempoiatmc dropped to noimnl and 
remained so until the patient n is discharged from the hospital on Octobei 8 (the scionti 
eighth daj ) No further blood counts were made, tlio eies wore ncaili noimal iiid the 
pus content of the nniie dropped to a feiy cells Aftci the patient leturiied homo she had 
c few slight rises in tcnipciatnie nith sonic eoiioestion ibont the oics, these attacks being 
(oineidcnt mth hei menstrual periods, and bi the first ot December she weighed ten pounds 
more tlian befoie her ilbicss and had noimal msioii and no remaining effects of tho infection 

Case 2 Patient, ktrs K C , aged thiit' foiu, entered the Bobert B Green Alcmoiaal 
Hospital September 18, 1030, at 2 00 P ir Seirico of Dr Dudlej Jackson 

Past Histori Duiing p ist tliiec mouths slip bad lecuiiing attacks of furuncles about 
tlie face September 11 she had a small one on tho left lowei bp On the fourteenth 
(third dai) she picked it, and the next dii the face and lip began snelling, increasing in 
sevDTitj until she eiiteied the hospital where examination shoned tlie whole left side of the 
face to be swollen, including the left eic wlneb she nas unable to open T)ic lids nere 
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tdcmntous and bluish red m color There was theracis and a small amount of exophthalmos 
present ‘=he complained of severe pain in the head and showed much mental confusion 
The temperature rose from 100 8% on entrance, to 104 4'' in the night On the following 
dav (the fourth dax ) the patient became dchrions with increase in the swelling of the face 
and with cheniosis present in both exes 

A lumbar puncture showed i slightlx turbid fluid with 72 cells and a few staphxloccocei 
on direct smear The leucoextes xiorc 10,400 with 77 per cent of neutrophiles (the Schilling 
count was not made) At 2 00 p M 2 cc ot antistaphxlococcus bactenoph ige were given 
subcutaneouslx The patient continued to grow rapidlx worse during the night, and the 
folloxnng morning, <^eptember 20 (the ninth dax ) 2 c c of bacteriophage were given sub 
cutaneouslx Following a lumbar puncture at 2 30 p xt which showed a purulent fluid, lee 
of phage xvas given intraspinouslx Tlie temperature rose to 104°, the pul=e to 140 and at 
4 00 p XI she died, having been in the hospital about fortv eight hours 

At autopsT (Fr Dudlev Taehson), there was found on opening the skull, a general 
meningeal exudate xvitli a collection of purulent material in the region of the left frontal lobe 
ot the brain Both orbital eanties were filled with an infected edematous material with 
thrombosis ot the orbital veins The longitudinal sinus cent lined an infected thrombus and 
on opening the cavernous sinuses both ivcre found filled with a purulent soft clot The 
pleural cavities on both sides contained a seropurulent exudate, while the lungs were filled 
with infected emboli of various sizes from small areas to larger consobdations Tbe pus 
trom the cavernous sinuses ind other le_ions nelded pure cultures of Staphxlococcus ajrens 
The other organs of the bodx showed nothing of importance 


DlSCL‘=3IOX OF C\«E I 

This case leport piesents scteial outstanding points of inteiest and im- 
poitance 

Fust that a patient with a classical pictme of infectious cateinons sinus 
tluombosis nith septicemia and meningitis should sunne at all 

becond the steiilization of a heaw blood stieam infection bv mtiavenous 
bacteiiopliage theiapx 

Thud the contiol of a Stapln lococcus meningitis bt mtiaspmal use of 
bacteiiopliage 

Foiutli the faithfulness with which the Schilling index of the leucoevtes 
mill 01 ed the clinical facts m the case 

The chuf disease simulating caxeinous thrombosis is orbital cellulitis 
Eciglcton' and Babbitt liaxe discussed this question and pointed out the dif- 
fcieutial points in diagnosis In oibital cellulitis the disease nearly alwacs 
starts m the nasal sinuses oi fioin dnect tianraa to the exe The serious blood 
pictuie in this case peisistmg in spite of the subsidence of exteinal signs of 
uitcctiou xxitli the exception of tlic exes indicated xvith ceitaintx* the pres- 
enci ot n focus snmewheie in the hi am oi xenons sinuses The appearance of 
dthiuim dining the d.ixs pieceding the chxdopinent of meningitis as shown 
h\ tlu spinal huul and the sox tic lieadaclie according to Eagletou* do not 
appeal wlun the infection is oanfined to the sinus He states that “the ap- 
penaiui of dclnuim is of the giaxest significance The lungs and endo- 
laidunn at no tune showid anx inxohement and no otlioi metastatic foci 
developed dm mg the ilhuss 

t onceining the question of spontaneous lecoxeix lefercnce to what has 
hoeu said about prognosis m this papei togethei with the lustorx of an m 
f.itod sinus thrombosis sept,, omn and meningitis lasts graxe doubt ,s to 
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its posbibiht-v 111 this case In the tieatment ot this patient, aside fioin six 
blood tiansfusions and othei siippoitne measuies, the one liope was tenteied 
on the specific tieatnient hi aiitistapln locoecns bacteiiophage Faith that 
this might be of aid in spite of the despciate natiiie of the ease was inspiied 
by pievioiis expeiience with less alaiining i et scAcie stapln loeoccus infec- 
tions ® 

In this case the infection piogiessed so lapidh and with such alaimmg 
symptoms, including a blood pietine that showed an oieiwheliiimg toxic eftect 
on the bone inaiiow that the fiist attempts to cope with the infection hi sub- 
cutaneous and local use weie soon abandoned foi iiitiaieiioiis iniections 
These iveie at fiist followed hi dehmte chills but latei imections were well 
borne until the seieie iiiticaiia and loint pains foiced the suspension of bac- 
teriophage theiapj foi the time The mticaiia was nndonbtedh due to the 
pienous use of the antistieptoeoecus seium and was aggiaiated by the bac- 
teiiophage mieetions Howeiei, following six days of nitiaicnoiis bacteiio 
phage therapi a blood cultiue showed the blood to be steiile 

Lowenstein" has quoted Stetson as saiing that the staphilococcus is the 
deadliest organism enconnteied in geneial sepsis, also that Feet Feed and 
Stiles and othei-s haie stiessed the almost nnaiiabh fatal outcome of Staph 
ilococcus septicemia when secondaii to funincles He lepoited one case of 
encephalitis in which Staphi lococcus albus was isolated from both the blood 
and spinal fliucl The patient lecoxeied followung iiiti aniusculai , iiitiaienous 
and intraspiual injections of staphylococcus antitoxin Ilowecei, in two 
othei patients tieated bj this method, the fiist died on the day aftei euteiing 
the hospital, while in the othei, 7 intiavenoiis injections failed to liace the 
slightest effect in precenting the fatal teimination He called attention to the 
fact that the staphj lococcus is cein nregulai in the pi eduction of soluble 
toxin upon which dependence must be placed foi the piodiiction of antitoxin 
In two of his cases he used nonspecific piotein without success and commented 
on the little encouiagement gneii in the liteiatine to this foim of theiapy 
Eice,® in leporting two cases of Stapln lococcus sepUcemin, stated that both 
died, though one lis ed w eeks longei than w as expected Local and subcuta- 
neous tieatment by baeteiiophage was emploied, feai of the peptone in the 
filtiate ple^entlng the intiaAenous use of it 

The eaily steiilization of the blood stieam in this case, I belieye, pieientcd 
the deielopinent of metastatic foci in the lungs which aie so fiequently ioimd, 
as well as elsewheie It also localized the infection and confined it to the 
original sites This action of baeteiiophage in less seiions infections has been 
noted bj numerous obseiseis as a leis common and chaiacteristic lesult 
I haAC seen numeious cases of seveie cellulitis of the face aiising fiom foci 
about the mouth or nose in which local and subcutaneous use of the bacterio- 
phage caused rapid subsidence of the cellulitis with localization, lelief of 
pain, and piompt teniiinatiou of the infection The infection m tin’s case was 
obmoiislj' confined to the sinuses, with a local meningitis, until latei ivhen it 
became generalized The most spectaculai eiidence of the lole of bacterio- 
phage in the lecoAciy of tins patient was shoiTu bi the lapid and complete 
control of the meningitis by the mtiaspinal method of administration 
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In both the intiaAenons and mtiaspmal methods diiect contact A\as as- 
smed AMtli the oiganisms cansing the infection constituting the ideal method 
of approach While the peptone in the filtiate mav he an obstacle to the use 
of laige amounts inti ai euouslv, the haimless nature of this agent used localh 
IS such that the eiitiie meningeal caiiti could piobablv be filled ivith it, re- 
placing the spinal fluid 

The therapeutic Aalue of aiitistapln lococcus bactenophage filtrates ha‘- 
been much in dispute Houeiei such faioiable leports haie been pubbshed 
bv d’Herelle,'' Bruvnoghe and Maison,'® Gratia " Gougerat and PaTre,’=^ 
HauduioiV^ Grenet and Isaac-Geroges ” Bazi' Lingeman,^’’ Kaiga Eice,^ 
Larkum,"® Alderson,^'’ Ciutchfield and Stout® and others, that the mass of 
evidence supporting the therapeutic lalue of this agent cannot be ignored 
D’Heielle® states that “too much emphasis cannot be placed on the fact 
that bactenophage acts efteetn elv onlv when i erv nrnlent races are used ’ 
Nelson-® has studied the effect on phagoevtosis bv imecting labbits mtra- 
lenously with 5 c e of bactenophage together with a strain of staphvlococeus 
susceptible to Ivsis and found an immediate and marked increase in the phago- 
cjffie mdex With a stiain of staphvlococeus not Ivsable the phagocvtie index 
was not alteied &mith-‘ has shown in a similar studv that the degiee of 
phagocytosis is determined not only bv the period of contact with bacteno- 
phage but also bv the iinilence of the Ivtic pnnciple emploved and that the 
bactena become more susceptible to phagoei-tosis after contact has been in- 
terrupted B’Herelle,® Gobs and Jacobsohn®- and others, hare also demon- 
strated the marked effect on phagoevtosis Arnold and Weiss-® found that a 
single dose of bactenophage Ivsed bacterial filtrate developed a rapid inciease 
in the antibodv titer of the labbit and was able to protect the animal from a 
lethal dose of the homologous organism The bactenophage Ivsed organisms 
being split products were thus showm to have a more rapid and active anti- 
bodv fonning powei than vaccines or autolvsates Vaccines have been re- 
garded as helpful but not curatn e in Staphvlococeus septicemia and then onlv 
111 chrome cases 

The race of bactenophage used in this case was one of high virulence 
hanng a titer of 10 -® and has been capable of Ivsing more than 90 per cent of 
the strains tested The strain lecoi erect fiom the lesions of the patient was 
readih susceptible to its action It is mi belief that this patient survived onlv 
because of eailv and rigorous treatment, particularh bv the intiacenous 
method In gumg this patient onlv 1 cc doses subcutaneously during the 
first Aac daAs much time Avas lost Wuch larger amounts should hace been 
used, gnen twice oi three times dailv and eailiei intraAcnous treatment in- 
stituted 

If eonfiontcd with a case such as Case 2 in which memiigitis has become 
geiieiah/ed and septic emboli liaAe alreacB iniackd the lungs'no hope can be 
eiitei-taiiied of lecoAen bv am fonii of tieatiiient This patient had been 
Mibject to staphAlococcus iiilection which lowered hei resist nice and rendered 
hei 11101 c Aulnerable to the final imasion of Mtal stnictuie-, Had she been 
fortunate enough to have been seen earh and Augorous and fearles. bacterio 
ping, trenlinent been instilnted she piobabh would liaAc sunned 
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Kefeience to the Jnstoiy ot Case 1 amU shoA\ Iiom nan cm a iniugiii oJ 
diauce the patient had dining the hist daAS oi the iniection The lepeated 
injections siibcntaneonsh of laige doses togethei nitli the nitiaienous dosage 
piodiiced siicli a icsistanee that tlie IneaKing thioiigli of flic infection into tlie 
meninges did not take plate until iiioie than thiee necks aftei the hactciio- 
pliage tlieiapc began It would seem tlcai that the stiuh of the hehaMoi ot 
this patient luidei hacteiiophage tieatiiient should leach iiioie than that one ease 
of its tipe has lecoceicd following its use These cases aic nncoiiinion, lint it 
IS well known that staphi lococciis infections about the face lips oi nose aie 
coiiiiiion, and all potentialh d.ingeious These can he pioinpth and cei- 
fainlv lelieced be eailc and adequate hacteiiophage tieatment 

The success in steiilwiiig the blood stieain in this case should open a held 
of usefulness in Staphvlococciis septicemia fiom othci foci It should of 
coiiise he eomhmed with such siiigeii as seems indicated in each case and 
should he used locallv siibcutaneoiish and intiacenoiislv Doses up to 3 c e 
at a single injection can be used siihcutancoiislv, while liom 1 to 2 c c intia- 
Aenoush iveie safeh emploAcd in this case Xelsoir" used daih intiaAenous 
doses 111 labhits of 5 c e without appaieiit haim 

It IS hoped that the success attending the iisi of hacteiiophage in Case ] 
will stimulate fiiithei stiuh and expeiiment in this class of infections and 
lead to the sac mg of some at least of these otheiwise hopeless cases 


1 im indebted to tlie follonnig plwsicuuis for permissum to rcpoit Cose I This case 
ms under the direct charge of Drs 0 H Timmins and lohn B llerff C oiisult Hits, but in 
dailA attendance, were Dr Herbert Hill, Internist, Dr C D Lehmann Dcimatologist, Drs 
Charles Boehs and W D Hichs Ophthalmologists, Drs Alas Tolmson, C E Scull, Diidlei 
Jackson, general surgeons and Drs R R Ross and A\ H llecK, Uiologists I was intrusted 
watli the laboratoiA studies, the preparation of the bat tciiophage, and the diiectnm of its 
use Case 2 was under the caie of Dr Diidlec Tackson nho giie permission to include it in 
this paper 
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THE GOXOCOCCU'h COMPLEHEXT-PIXATIOX TEST IX 
SYNOVIAL FLUID 


By Dvno H Xlixg, ilD * ixd Pivki« MD 

New York City X Y 


' I 'HE lalue of the coinplement-fi\atiou test in tlie blood seinui foi diagnosis 
A of gonorzheal aithiitzs is lecognized bv all investigators Oui studv pre- 
sents tins leaction in the si novial fluids of aithiitis of diffeient etiologv and 
stage 

TECUMC 

Ye have used the poh valent antigen nunutactmed bv' the Ledtile Laho- 
latoiies accoidmg to the principles of Teagne and Toiiev Evpciiinents vrith 
vaiions amounts deinonstiated tint 01 cc of svnovial fluid was the optimum 
to secuie specific leactions Inactivation of the svnovial fluid was found to 
he neccssaiv to pi event anticomplcmentai \ leaction The fluids must be pei- 
fectlv deal it has been found that even slight tiiilnditv oi hemolvsis have 
Intel fcicd with the icsnlts The following loutine v\as used 

The svnovial effusiou was fcntiifiigcd at high speed until the deal fluid 
IS sepaiated fiom the sediment Coagnla weie detached from the vialls of the 
test tubes In means of a glass rod The cleai fluid is inactivated from fifteen 
to thiitv inmntes in a w itn Intli at 56= ( To 01 cc of svunvial fluid ill a 
sin ill test tube tiuio w is added 0 1 c t oi 1 10 dilution of gonococcus antigen 
iml tlu amount of compleineiit ddnmiiicd hv titiatioii togethei with 05 c c 
imiimfl sdim The tubes win then shaken and incnhated in the watcr- 
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bath at 37° C foi oue lioui, aftei -vAhich they ■\\ere placed in the ice box foi 
thiee houis Five-tenths c c of 5 pei cent suspension of sheep eells and 

1 unit of aniboceptei veie added The nhole nas incubated foi one hour and 
leadings neie made Conti ols, positne ncgatne and hemohtic, as well as 
anticoinpleuientan , veie lun vith each test Complete fixation is marked 
toui-plus, thiee-, tvo- and one-plus signifi degiees ot paitial fixation, com- 
plete hemohsis is maiked negative Fluids should be presen ed in the ice 
box and tests earned out as soon as possible 

ANALX’SlS OP THE WATFRIAL 

The leaction vas earned out on ]21 cases Fifteen thuds iieie aspuated 
fiom tiaumatie and 106 (87 6 pci cent) fiom inflaimnatoiv eitusions Of the 
lattei 36 (33 9 pei cent) vere fiom acute cases and 70 (66 1 pei cent) weie 
tiom chionic conditions (duiation oier six months) Of the 106 mfiamniaton 
fluids, 95 (89 6 pei cent) gaie a negative leaetion and 11 (10 4 pei cent) a 
positive leaction Of these 11 positives, 7 weie aspuated fiom knee joints, 

2 fiom elboiis, 1 fiom the shouldci and 1 fiom the ankle The leaetion ivas 
foul -plus 111 6 fluids, thiee-plus in 1 fluid, tiio-plus in 3, and one-plus in 
1 fluid Of the 36 acute effusions, 8 (22 2 pei cent) gaie positne lesiilts of 
the 70 chronic cases, 3(4 3 pei cent) gai e positn e i eactious 

SPECIPICITX OP REACTION 

a The Wassennann leaction Mas earned out simultaneously in all, and 
Mms positne in 16 fluids Of these 13 cases had a negatne gonococcus com- 
plement-fixation test In 3 fluids both leactions weie stionglj' positive The 
histois in 2 cases showed an old s-vphilitic and a leceiit gonorrheal infection 

Case 1 — (No 4 on Table I) J McD , twenti three icnrs old Contracted gonorrheal 
urethritis three months pienouslj, followed hr cpididiniitis Two months ago pain in left 
wrist and toes At the time of his admission to the clinic lie had n swelling of the left 
wrist and right knee loints Sixty e c of turbid fluid containing 20,100 nhite cells per c mm 
•with 86 per cent polymorphonuclear leucocjtes wore aspirated The Wassermann and gonor 
rheal fixation tests were four plus in both blood and fluid Culture of the s\no\nl fluid gaie 
no growth However, gonococci were found in a smear of the iiiethral discharge 

CvsE 2 — (No 1 on Table I) C B, twcnti nine jears old Contracted gonorrhea 
tour weeks previously and for two weeks the right ankle had been swollen and tender 
Three c c of a turbid fluid containing numerous poljmorphonuelear leucocjtes were aspirated 
The Wassermann and gonococcus complement fixation tests gave a four plus in the fluid 
and blood serum Culture of the s-vnovnl fluid was negative but gonococci were found in 
direct smear from the synovial fluid 

Case 3 — (No 6 on Table I) L W, colored female, tliirtj one jears old Pain and 
swelling of wrists and sternoclavicular joints and effusion of both knees for about a year 
Ptosis of the right eyebd The aspirated fluid i\as turbid with a white count of 1,800 per 
c mni and 46 per cent polvmorphonucleai leucocytes Wasserraann and gonococcus fixation 
tests in the fluid were four plus, Wassermann in the blood was foui plus, gonococcus 
in the blood was two plus 

b Thiiteeu fluids vmie luoeulated into guinea pigs, of these 4 developed 
tuberculosis None of the fluids gave a positive goiioeoceus complement- 
fixation test HoMever, one fluid obtained at opeiation shoived a two-plus 
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gonococcus reaction wliite the histologic examination ot the sinoiial mem- 
biane levealed tiiheicles 


T VBLE I* 


NO 

name 

DCE.CTION 

GONOP 

phe:\ 

DCRCTION 

VRTHRI 

TIS 

GONOCOCCI -5 COAl- 
EPOGENITVT# PEEMRNT nWTlON 

CONORPHEV SYNOVI\n 

FETHO 

‘ PE-lt APKS 

1 

CB 

4 wk 

2 wk 

Fret Ural 
epididvmitis 


— X 

t\ assermanii -* , 

gonorrhea positive in 
sediment of synovial 
fluid and discharge 
of urethra 

o 

OK 

S wk 

5 wk 

■Orethral and 
prostatitis 

— 

Kot done 


s 

DK 

11 wk 

1 wk 

Prostatitis 


X J 1- 


4 

nicD 

15 wk 

8 wk 

Epididvmitis 



Bassennann 1 --, 

gonorrhea positive in 
discharge 

" 

E K 

2 vr 

6 wk 

Prostatitis 

4. 4 -4- 

— 

6 

LW 

7 

1 vr 


^ J U 

X X 

Wassennann -t-J-x 

7 

AI A 

21 vr 

3 wk 

» 

X J- 

— • 

First attack 2 years 
ago 

s 

T 

7 

2 wk 

7 

X X 

Xot done 


9 

STT 


1 vr 

Q 

X — 

Xot done 


10 

GF 

3 TT 

2 VT 

7 

•1-+ 

— 

Tubercular svnowtis 

11 

HT 

4 mo 

3 wk 

Prostatitis 

- 

— 


•Numbi'rs <j nna ‘1 arr female all other* are male \li culture* were nesatite 


Case 4 (Ko 10 on Table I) G F, tirentr sii. tears old Five vears before ad 
mission he fell down and injured Ins left knee «ieTeial vtars ago he became infected wiG) 
gonorrhea For tiro rears he suffered with swelling and pain of the left knee joint There 
was effusion and a small tumor outside of the joint whith was taken for a erst of the external 
semilunar cartilage A. smorectomT was done and the membrane was found to be hrper 
trophic and with necrotic lalh in some places Sections showed numerous tnbertules Twentv 
c c of fluid was recovered with some red cells Gonococcus fixation was two pins and tVasser 
mann was negative m the fluid, while in the blood thev were both negative 

c In 79 fluids cultures were made and 19 were positive for different 
stiains of staphylococci, stieptococci, and diphtheroids None of these fluids 
gave positive gonococcus reactions 

Check up examinations on reaspiration of a numbei of fluids gave iden- 
tical results 

It IS therefore concluded that with the eventual exception of a weak 
positive leaction in one case of tubcicular arthritis the presence of specific 
III nonspecific infection did not inteifcre with the specificitv of the gonococcus 
complement fixation in s^no^^al flmds 


ot the 6 patients with complete gonococcus complement fixation m the 
svnovial fluids, 5 were males between the ages of tnentv-three and thirtv six 
voars All had some urethral discharge Prostatitis was present m 3 base's 
uul epididv-mitis in two The onset of orthut.s was from one to eiwJit weeks 
pievions to examination In 4 cases sexoral mints were involved %he knee 
joint being clneflv affected One patient suffered from an arthnt.s of the 
ankle mint onh The d.nieal picture was an acute infectious arthritis with 
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pain pel i-articiilai sm 011111 ", liiniiation of niotinii ami oiliision 'llio sino 
iial fluid was tin bid with a high <(11 count and contained pohmoiplionncleai 
lencocites tioiii hO pei cent to hO pei eent In 4 oi these cases, the gonococcus 
eoinpleinent-fixation test in blood seinin was c.iiiied out and gaie a foni-plus 
leaction The cnltiiies weie negalne in all cases toi gonoiihca and othei 
oiganisins In one case gonococci weie dcraonstiatcd in the sineai Iioin the 
scdiinent ot the si noi lal fluid Of the 5 cases w itli paitial eoniplenient fixation 
one gaie a thiee-plns in the sinoiial fluid while the blood seiniii was negatne 

C\sF } — (No 7 oil Tshlt I) At V, t\\eiit\ soicii \Oirs old lie Ind Ronorrlie il 
iiietliritis two Olid one linlf ^c'^ls iircMoush niid ill artlintis of both knees two icnrs tpo Tor 
tlirct weeks lie Ind Ind effusion in both knees md tnnsiton puns and swelling in feet, 
ankles, and right stenioelavicular joint The fluid aspirated trom the knee joint was 
(londi and contained 02 per eent poltnioiplioniii.lear loncocites, the ciiltuies were sterile 
after eight weeks There was no involvoment of the heart no cridcnce of still persisting 
gonorrheal infection Salictlatcs had litttle effect and iniproi oiiicnt followed after injection 
of the filtrate from the smoiial fluid 

Ot the thiee patients who ga^e a two-plns gonococcus coiuplement fl\a 
tion m the fluids, one (Case 4) tvas piOAed to he tnheicnlai aithiitis of the 
light knee The second patient a man thiiti -eight teais old snfleied fiom a 
suhaciomial hmsitis foi two weeks pieiionslv The eftusion was tinhid and 
contained 75 pei cent polj nioiphonuclcai lencoettes He did not admit gon 
oil heal infection, no uiologic examination was earned out and blood seiniii 
was not tested The third case ivas a ivomaii of tw enti -nine leais who gate 
the liistoii of an acute polvaithiitis thiee A'cai*s hefoie Foi thiee weeks she 
has had a lecuiience with pain in the feet and w lists and effusion in the light 
elbow loiiit No lecoid of gonoiiheal infection was obtained and blood seiuiii 
w as not tested 

One patient ga^e a one plus positiie eoniplenient fixation in the sMioAial 
fluid while the blood seiuni was negatiie 

C\SE 6 — (No 11 on Tshlc I) H T, tliiiti six rcsis old Pour iiiontlis pieiioush 
he Ind a gonorrhesl infection Scion weeks ago tlicic was a sudden onset of pnin, swelling 
and effusion in the right knee, w ith an increase in loc il and geiiei al tcnipci iture The 
sinovnl fluid was cloudi and contained OS per eent of polMnoiphonueloar Iciicootes Hr 
prostatic gland was swollen and tender The secretion w is purulent No goiioeocn weie 
found An improvement was cffeitcd hi iiitnionons injections of tiphoid vaccine 

COMPARISON OP COXOCOCCCS COMPLEMtM OP BLOOD SERUAt AYITH S\NO\IAT tEUlD 

The complement-fixation test was caiiied out simnltaucouslA in the blood 
serum in 8 cases In 4 cases the leaction Atas foni-plus in agi cement with the 
lesnlts 111 the SAnoAial fluid These aacic cases of acute aithiitis AMtli otliei 
cAidence of still peisisting gonoiiheal intection and complications In om 
case of clnonic infectious aithiitis, the leactioii A\as two pins in the seinm 
while the MiioAial fluid gaAe a fom-plus In thiee cases with paitial fixation 
ill the SAuoAial fluid the blood seium was ncgatiAm Of these, one patient had 
acute arthiitis of the knee and a niethntis and piostatitis Tavo had old 
gonoiiheal infections but no eAidcnce of lecent actiAitA One of these A\as 
histologicallA pioAcd to be a case of tnbeicnlai SAiioAitis The SA’iiOAial 
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Hmcl g<ne a Inghei pci tentage ot po‘>iti\e leattions and a stiongei leaction 
than the blood sciuni bonie cMdentc tan he adducted that this is due to a 
highei concentiation of antibodies in tht scinnial fluid latliti than to mtei- 
ferente he unspecific siihstanees In 05 fluids, including 3f> cases of acute 
inflainniaton aithntis the leaction uas negatne A nuinhei ot these cases 
had a histoii ot gonoiiheal infection The patients with ‘■tioiig posltl^e re- 
actions and at least one with a weak positive leaction gate othei eMdcnce ot 
active gonoiiheal intcction ()u this basis ue must considei that the paitial 
gonococcus conipleinent fixation in the siiicnial fluid alone niai indicate that 
gonoiihea is at least oin of the factoi-s iinolied in the itioloiri ot the aitliiitic 
condition Iloweiei tin niateiial is too limited and tiiitliei studies are needed 
to definiteh estimate the laliie of paitial gonococcus complement fixation in 
the SMioMal fluid 


CON'ClCslOXS VXD ■'LMMAUl 

1 Tile t. clinic ot the gonccoccus complement-fixation test in tin sincnial 
fluid IS outlined and the lesiilts in lOh cases ot acute and rhionic iiifiammatoin- 
aithiitis aie leported 

2 The leaction wa-^ tound to he positne in 11 cases (10 4 pet cent) The 
presence of othei infections docs not iiiteitcie maikedli witli the specificiti 
of the leaction 

3 In 7 cases otlici eiielences of actne gonoiiheal infection weie found 
but in 4 cases this reaction was the onlv eMclence of the gonoriheal etiologv 

4 In 4 cases both blood and svnoiial fluid gaie complete gonoiiheal com- 
plement-fixation tests In one case the blood gaie onlv a weak positne reac- 
tion ivhile the SMioiial fluid gaie complete positne leaction In 3 cases the 
smoiial fluid gaie paitial complement fixation and the blood was negatne 

5 The stiona positive leaction in the sMioiial fluid is therefoie consid- 
ered a lalid proof of the gonoiTheal etiologc of the aithiitis and more con- 
clusive than the icaction in the blood scium wheie it onh indicates the pres- 
ence of an actne focus somcwheic in the bodv 

6 The significance of paitial complement fixation in tin snioiial fluid 
needs fuitliei nncstigation 

7 It IS lecommended on the basis of tin sc findings to cam out the gono- 
coccus fomph incut fixation tests as a loutine examination in all sinoiial 
fluids 

XoTF Tlic nntcrnl for tins '•tmU wns (lernod from tlic nrtliopcflu -cnin- r.f 
Drs Ilarrv Finkclstcin Ilrnmn Frniicntlnl s ,n,np) Klcinbrrc siid Leon ^t^Tcr to ’trliom 
iTo Oppress our npprccntion 


mio xrvmsox Avrsrr^ 



THE EFFECTS OF ULTKAVIOLET lERADIATlOX ON THE REDUCING 

POWER OF BLOOD'' T 


By L Dili-iAian, Chicago, Ilh 


K och and Reed,’' iiiadiating, nith a caibon aie lamp blood flowing 
tlnongh a qnaidz tube inserted into the caiotid arten in etheii/ed dogs, 
lepoited incieased uiie acid ^alues Tins ineica‘e, an aieiage of 38 per cent 
m tuenti'-one dogs, uas detciniincd bi the pbospbotungstic acid colonnietric 
method of Folin and Wu as modified bv Koth '' It \sas lecognized at that 
time that theie uas no actual inciease of uiic acid in the blood, but that the 
reaction uas due to othei i educing substances 

The e\penment uas repeated bi Reed and Bainaul*' uitli someuliat 
larAung lesults sufficient to justifA a leimestigation to deteimine, if possi- 
ble, the mteifeiing substances 

EVPEUIAIHNTAL PROCCOERE 

Foiti to lift} c c of blood ueie diawn tiom a dog, using Na^C^O^ as an 
anticoagulant This sample nas dnidcd into thice poitions The fust poi- 
tion was anahzed immediateh The second nas placed in a fused qiiait/ 
flask 5 mm in thickness and luadiated nith a Kiomaiei quaitz-meiciui la- 
por lamp at a distance of one inch (at this distance theie an as nnifoim diftii- 
sion throughout the flask) at loom tempeiatuie samples N\eie anahzed at 
thirtAq sixtN, and ninety minute inteivals The thud poition tiom the oiigi- 
nal sample uas placed in a glass flask similai to the one used in iriadiatuig 
the blood, set in an adjoining lOom as a coiitiol and aiiah/ed aftei innetA 
minutes Analjses cveie made diiecth upon the blood filtiates accoiding to 
Fobn’s“ method The lesuIts of this expeiiment aie sIionnh in Table I An 
increase in leducing ponei in madiated blood is noticeable in onh one in- 
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stance Number K In tins case, bone^er the coloiimetiic readings iieie as 
16/22 nliicli introduces an erroi laige enougb to account for the results The 
other experiments shoir no inciease nhateier outside of the percentage of 
eiroi 

In lien of the fact that Koch and Reed had ined a modification of Polin’^- 
uiic acid metliod, it i\as thought that perhaps this might account for failure 
to duplicate then lesults In the last thiee experiments TII Till and IN, 
samples neie also aiialvzed by Koch's modification of Folm s method which 
IS essentially the same except that 5 c c of 4 per cent NaCN in N/7 bthium 
hi droxide is substituted for 2 ce of 15 per cent NaCX in N/10 NaOH No 
increased reduction was noted though theie was a difi;erence in color pro- 
duced This is indicated in Table II 

Ten c e portions of the above samples were added to 7 c c of Silvei lac- 
tate, the mixture centiifuged, the supeinatent licpiid poured oft and the pre- 
cipitate washed nith 10 pei cent NaCl m N/10 HCl This washing gave no 
color deep enough to read with either set of reagents 


Tcblc II 
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As indicated in Tables I and II the lesiilts of Koch and Reed in n\o 
cannot be pioduced m iitro This mac be due to a mechanical eftect difficult 
to obi late in inadiating vhole blood the pioteins coagulate in a film on the 
side of the flask nearei the lamp nhich mav pieient penetration There is 
also a tendeiici foi the corpii'-cles to settle out, thus reducing the surface of 
contact between coipuscles and plasms In ordei to detennine the impoi- 
tance of this eftect the following expeiiment was made 

Luc acid in the piesence of ultraviolet light loses its power to reduce 
phosphotungstic acid as indicated 


T\ble III 
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Mp urir icM/100 c,c 


.Solution 1 dnsohed in \a t 
Solution 2 and 1 dissohed in LiXO, 

Exacth 10 mg of nne acid (Fohn 'standard) was added to 40 c c of 
dog blood md thoroughlv mixed A sample v as analvzed immediateh and 
the remainder nas dnided into two portions one of nhich uas irradiated 
iiinetc minutes the other ms used ns n control Protein^ nere precipitated 
Milh tungstic acid ind 10 c c portions of the filtrate nere anahred for uric 
aid b\ Fohn s isolation procedure''" 
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In botli cases a film was toinud on the side ot the dask <uid the loss oi 
line acid coiiesponds loiiglih to the penetiation Tin aiiiouiit oi lecoieicd 
uric acid is aliont the same as leiioited loi hiiimin hlood tiiid foi sheep 
blood ■* *- 

The newel iiiithod ot Poliii," lioweiii, iccoieis line acid (piantilatn eh 
fioiii '•heep 01 luiinan blood wt luai add that tlie nutliod woiks as well foi 
dog hlood 

The aboie expenment was lepc.itcd using this mwii metliod ot Poiiii 
on unlaked hlood extiact on the oiih hlood ai.iilahle at tin tiiiu tioiii a 
picgnant hitch In tins case, howciei ot tlu 4 mg jiei cent idded tlie same 
amount was lecoieied immediateh , ninety minutes latei, and .ittci .inothci 
iiineti minutes iiitnial and also attci inneti mnnites’ inadiatioii Tlie 
film on the flask came oft as a coating 

To detcimme the lelation of gliicos" aqueous ‘■elutions ot gliicise (Jleick’s 
cp clued tw enti tom hoiiis at 85°) wtie inadiated nndei conditions as gnen 
ahoie Attei inadiatioii the amples weie aiiah/ed with Folin line acul 
leageiits*” and matched against a standaid ot nnc acid In using this stand- 
aid inteifcience of glucose in hlood line acid detciminations can he seen at 
a glance, hut, iiioie impoitant, line acid puscnted a constant standaid toi 
deteimining a change in i educing powei ot the glucose solution 

The lesults of Table V seem to indicate the inconstanci ol this method 
while dilute solutions ot substances othei than nnc acid the lanation being 
mieiseh as the coloi pioduced Similai i inations aie shown in Tables T 
and 11 

1 \BLE V 
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The inteiteiciice of "huose in Ibf aiiahsis of noimal blood filtiates toi 
uiic acid IS piacticalh none ecen in eases of diabetes mth a blood sugai of 
] pci cent tlie intcifeience noiild be less than 0 7 nig 100 c c of blood if a 
‘dnect method i\a‘ used Tins intei-fcience is piaitualh ml in iien of 
the inci eased niic and in diabetic patients 

01=01 ==IO\' 

Tt IS iinpoitaiit to note tliat the so-callfd niic acid lalue be no means 
icpie‘eiits line acid It is to be exact the laluc obtained be reducing phos- 
photiing''tic n arseurp}ie<-photnng=tie acid in the presence of alkali and ccanide 
coinpaied n itli a standaicl of uue acid The color pioduced obers Beer s Ban 
onh within len nan on limits, so the blood filtiate and the standaid should 
be ceil neailv tlie same concentration oi sizable eiiois aie introduced in 
finallv inateliing the coloi'- A numbei cjf substances also i educe the leageut 
01 otlieinise influence the leaction Grigauf’ aftei tiwing some luincliecl 
compounds that mac be piesent in piotcin-fiee blood filtiates, leports that 
line acid alloxane, and alloxantine alone i educe phosphotungstic acid but 
poh phenol mcdicants influence the reaction Incidentallv this observei finds 
that glucose does not iiiflueiice the leactioii 

The findings of Gngaut could not explain the discrepancies noted In 
Moikcis in this coiiiitm between the calues gneu bv “diiect” and “in- 
duect” uric acid methods'' ' These disci epancies indicated the piesence 
of a substance, oi substances that mterfeicd uitli uric acid determination 
uhen made diiecth upon the piotem-free blood filtrates Especiallv was 
this tiue of animal bloods in which the actual uiic acid content is thought 
to be 0 1 mg pei 100 c c oi ecen less As a lesult of this Benechet, Xewton 
and Belli o'’ isolated a compound fiom pig blood which thev called thiasine 
Iiidependeiith and at about the same time Iluntei and Eagles’'’ isolated a 
compound fiom pig blood hacing cei\ similar propeities, which thev called 
snnpi ttotluon It was late i liown In Xewton Benedict and Dakm” that 
thiasine was iduitical with eigotliionuie isolated from ergot of ive and with 
the sMiipectotluon ot Iluntei and Eaghs Foi this compound, the betaine 
thiolhistidine, Benedict pioposes the nanu thioneine foi the one of animal 
oiigin The work of Xewton Benedict and Dakin w as i enfied mdependenth 
b\ lagUs and Iniin<-on ' 

7\luii Blumei Eacdis and Iluntir wiic isoliting Substance X or sem- 
pettotluon OI thioneine the\ inspected the piesence of another substance 
which also ndiued phosphotungstic acid Tliec latei isolated this substance 
wiiuii pio\(d to In glutatluom 

Jliiis within the last lew iiais two unsiispected substances ha\e been 
iM,l,t,d fiom I.Iood whuli inflmnces diiect’ uric acid determination and 
It is indicated that then lu othus Uockwood Turner and Pfifiner=" report 
the pi ( St nee at moth, i int< i ft i mg snl.st nu e after aeul In droh sis of tun"stic 
aeid hlood md tissm hiti ites Thee tali this Suhstanec Z Bdii and B^ene 
diet ' in ilettummn_' the thioneine content of human blood conclude tint there 
must heom other . (othei than in it leid thioneine or -dutathionel 
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which jields coloi iiith uiic acid leagents 'When Aieiied m this light the 
findings of Koch and Kecd take on a ne-n significance 

The lesnlts of Koch and Eeed in mo cannot be piodiiced in iitio, the 
leason is paith, hut not iihollj, mechanical Une acid disappeais lather 
lapidly when iiiadiated in mild alkaline solution and anahses seem to indi- 
cate that it disappeais ficm blood on iiiadiation pioiided theie is penetration 
No attempt is made to dcteiminc the lelation of glutathione oi thioneiiK 
to this leactioii because methods foi anahnng these substances aie not uell 
enough established iioi could u e, at piesent, ohseice them in pine solution 

CONCLUSIONS 

1 The uiciease of leducing powei of blood iriadiated in mio cannot be 
duplicated hj* ii radiation in iitio 

2 Uiie acid nuclei the lufluenec of iilti.molct iiiadiation loses its powei 
to 1 educe phosphotiingstie acid 
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THE RELATION OF THE P„ REACTION OF URINE TO THE 
ANTISEPTIC ACTION OF ]\L\LLOPHENE IN VITRO* 


Bt Ruspell, D Hekrold IM D Earl E Ewert D Chicago III 


S EVERAL urmai-A' antiseptics of the pindme t\po have been placed upon 
the market dining the last fen rears These drags are adimmsteied orallr 
and aie knomi to be excieted seleetneh br the kidners so that piacticallv aU 
of the ingested drag is eliminated in the nnne VTe have studied one of 
these drags knon-n as mallopheue (beta-phenr l-azo-alplia-alpha-diamino-pyndme 
Indioehlonde) quite e\tensneh duiiiig the last seveial months Cbnical ob- 
senations hare been made, but moie particular attention has been given expen- 
mentallr to the lelation of the hrdiogen-ion concentration of the unne to the 
bacteiieidal and bactenostatie action against staphr locoeci and colon bacilli in 
the piesence of vanous dilutions of mallophene 

Slallophene has manr of the chaiactensties of an ideal antiseptic since it 
seldom pioduecs anr disturbance of the intestinal tract, and can be giren in 
theiapeutic dosage orer a long ptnod of time rnthout anv appaient irntation 
of the kidners Such a dre compound is peihaps moie penetrating than manr 
other antiseptics ^Yhllc the amount excieted m the urine is not completelr 
bactericidal foi the colon bacillus, it is sufficicntlv bacteriostatic that uhen used 
Orel a faiilv long peiiod of time it seems to pioduce bactenologic cme m manr 
of the acute uncomplicated trpes of infection "When combined mth peine 
larage and diainage in the chronic trpe of iniection it has giren better lesults 
clinicallr in mr experience than anv other uriiiarr antiseptic previouslr used 
In the trpioal acute case it is adnsablc to mre one tablet tliree times a dar 
ioi a fcr\ dars to determine tolerance for the drag, and then the dosage is m- 
cicased to tno tablets trvo oi three times a dav until the amount of pus and 
numbei of bacteria m the mine aie definitely deci eased Later the dosase is 
decreased to trro tablets once dailv until stenie cultures have been obtained It 
IS adrisablc to continue tno tablets erei-r other dar for a short penod aftei 
liiclenologie cure has been obtained to decicase later exacerbations 

A feu clinieal papers hare been published dunng the last sereral rears in 
which sticss has been made of the importance of aciditr as a faetoi in the suc- 
cessful manauement of uiinarr' infections but its necessitr is moic ceneiallr 
considered to be a means rrherebr formalin is liberated from hexamethrlenamine 
Moie iccenth Hillci and Stamlert hare noted tint mercuiocluome is more 
li.icleneidal in leid thin m ilkaline mediums In laboiitorr tests There was 
111 exeeiition in a short lanue on the acid side 

Piebmiini-r obsen ntions weie made hr the addition of rairin^r quantities 
of 2 pci cent icid sodium phosphite and 2 per cent alkaline sodium phosphate 
to the same specimen of urine Dilutions of mallophene were then added and 

•From UK is.pnrtn. of 1 ro^oc^ roll.^e of ri«licir. of 11, o LnUrrein of nHnol« 
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inoculations made nith colon bacilli Siibcultiii cs Mcie made .ittei thice da^s 
on plain niitiieut agai Tlie lesults aie tabulated in Table I II^ dio{ren-ion 
concentiations Meie not made in tins pieliminai\ obseiiation, but the antiseptn 
action of inallopliene nas gieatci in the ininc specimens containing the acid 
sodium phosphate Theie uas a slight inhibition of the giouth of the colon 
bacilli in the uiine specimen containing acid sodium phosphate alone as com- 
paied to the mine nith alkaline sodium phosphate alone 

Fuithei obseications neie then made to clctcimine the com])aiativc bac- 
teiicidal action at Inionn hvcliogen-ion cone cut i.itions Unne nas used as the 
medium foi addition of canons dilutions of m dlophenc since it seemed logical 
that such obseications ccould be moic compaiablc to latei c\peiiments in cico 
The technic sciccd as a means foi the dcteimination of the bacteiiostatic action 
as emphasized m the “gioccth-iestiaining test of Leonaid- since mine seices 
as a good medium foi the gioccth of colon bacilli and staphclococci In addition 
the tianstei test at the end of thue oi tom dacs’ incubatien gace a consistent 
baeteiicidal lesult foi eom])aiaticc pmposes The lesults tabulated in Table II 
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indicate that theic is a ceic dehnite inciease in the baeteiicidal action foi colon 
bacilli and staphclococci at the acid lainie oi Pn t 2 and Ph '18 as compaied 
to acid langc Pk 6 6 and alkaline lansje Ph I 4 In this e\pcnment a single 
mine ccas used and the specimens coided clunng the same dac staiting enth 
the acid Ph 5 2 Then alkalies cceie taken In mouth, and succeeding specimens 
cceic collected to obtain unnes ccith the higlici he cliogen-ion concentiation as 
incheated in Table II so that the difteicnce in hccliogen-ion concentiation cias 
the onlc caiiation in the mecbuni ccith the same mallophcne dilution If these 
lesults pioce consistent cvith smilai obseivations in citio it ccould seem ccoith 
cchile to considei the loutnie hcdiogen-ion detcimniation as a means of obtain- 
ing the maNinmm effieienec of minaic antiseptics in the management of uiniaic 
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iniectioiis We ha\e noted that the langc of Indiogtn-iou concentiation ina\ 
he estimated longhh In boiling a specimen of mine foi Anc minutes m a test 
tube If clouding occurs aftei heat the P,, is highci than 6 0 and antiseptics in 
such 111 me aie of less \alue, but if the urine icmanis cleat the aciditt is below 
Ph 6 0 and within oi boideiing on the optimum langc 

It was intcicsting to note the attiatte hi diogen-ion concentiation of the 
uiincs in a senes of 75 patients These specimens weic tc'-tcd immediateli 
aftei toiding, and without the influence of uiman antiseptics oi unnait acidifi- 
ing agents The lesults aie tabulated in Table III and are diMcIed into two 
classes, pin ate and clinic patients It mai be noted without am definite 
significance that a higher peiccntage of pm ate patients in this small senes of 
cases had unnes with a hidiogcn-ion concentiation within the lange that we 
would not considei to be the optimum foi uiinaii antiseptics paidiculaili 
mallophenc as indicated In the aboie bacteiicidal tests If this compaiative 
increase in the highei hvdrogcn-ion coneenti ition with prnate patients should 
pioie consistent with a laigcr senes of cases, it might be explained because of 
the diffceience in time of obsciiation The pnvate patients wcie seen in the 
aftemoon oi eiening while most of the clinic patients ivcie seen dunns the moni- 
ing hours Again theic mai be some lanation as the lesult of the dietan* dif- 
feiences of the two classes of patients 
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SLIIBEF WITH 

Pn 6 3 — 6 7 

INCLLSITE 

VrjCBEP WITH 

Pn 6 8 — 7 2 

INCLLSITF 

Clinic 

20 

1 If. 

1 

i 

1 


Pnvate 7 "i 7 -1 


ni'^ci 

It IS CMdiiit that if till Indiogcn-ion concintKPion infiucncis the optimum 
lange oi action of in man antiseptics m mo as it cleaih does m expenments m 
Mtio more impoitance should be gnen to such obsei rations m unnan infec- 
tions, and initiculaih to the time ulitionship between the administration ot 
till unnan antiseptu md the in man acithfici Fiske= states that an alkaline 
tide (teems ugnhiih aftei meals Wc base made comparatnc obscnations ot 
tbm commonls used nr ulifnng dings itid sodium phosphate sorbum benzoatr 
md ammouuini rhlondr Wink tlu obsenations ha\c not been saifhcicnth e\- 
tonsue to diaw drfimtr ronrhisions wr ha\c noted that ammonium chloiade is 
less likeh to be followed In i tempoian change towatd the alk ilmc range th m 
is icul sodium iihospliit( md sodium ben/oatc lu one mst mcf a dose of foui 
gi mis of icid sodium pliosithate was guen md a specimen two boms 1 itct had 
i Indiogcuio.i leidmg of 5 7 Spceimens taken it mtenals up to six lioui-s 
mdualed i gi id i il nu lease m the hidrcgeii lem leading so that six hoiiis iftei 
tlu ingestion ot ui.l sodium ]thosphate the P„ reading v as 6 1 It would seem 
lint furthet ohsenations an lucissan on the mfiucnec of the i/e of the dost 
of till' \ inmis andifiing dings 
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The impiession is gamed h\ the obsei\ation of lepeated h-^diogeu-iou 
deteimmations at mtei\als of sc\cial da^s that ceitam luduiduals aie likch 
to ha^e legulaih, a icactioii coiisistenth low on the acid side Otheis seem 
inoie hkch to ha\c leactions cousistenth high on the acid side and e\en occa- 
sionally alkaline 

CONCL.USIOXS 

1 Contiaii to the usual belief, antiseptics paiticnlaih of the pizidme 
tiTie seem to be nioie efficient bj cxpeiiinciits m iitio when added to niiiie in 
the lonei acid lange of Indiogcnion concent lation than in the higliei acid oi 
alkaline lange 

2 The loutnie In diogen-ion deteiniination in a senes of 75 patients indieates 
that a majoiiti aie ivitlim the limits of optimum leaction foi efficient antiseptic, 
let theie is a sufficient numbei in the less efficient lange to indicate a necessit\ 
toi aeidifMiig agents to obtain the gicatest efficients ot the niinait antiseptics 

3 This incieased efficienct of mallophene in the moie acid uiines seems to 
apply eqnalh to colon bacilli and staplnloeocci as indicated In expenmonts in 
TltlO 
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LABORATORY METHODS 


THE ESTDLATION OP THE SERUIM CAROTIN*^ 


Bt P D White Ph D PIC, with the assistaxpe of Ethel 31 Gopdox, 

■WrxxiPEG Can* AD I 


T he velloM pigments designated as lipocliTomes oi carotinoids have been 
the subjects of manv investigations A a err complete bibhogi aplii- up to 
1922 IS contained m the monograph bv Palmer* ivliile more recent v ork is re- 
nened m the papeis bv Boeck and Yater- and bv Stannus ’ Our present 
knowledge of these pigments m connection with human blood serum can be 
summarized briefly The pigments carotin and xantbophvll are present in 
small quantities in the blood of normal indniduals, giving a vellow color to 
the seiuni, and can be estimated by means of a technic elaborated bv Palmer 
Undei certain conditions, notabh in cases of diabetes, the amount of this pig- 
mentation IS gieatlv inci eased and it has been shown that this increase is 
chieflv due to increa'-ed quantities of carotin, hence the condition is known 
as caiotinemia although the more general term, xanthemia, is also used If 
the \antliemia is leii pronounced it mav be accompanied bv skm pigmenta- 
tion or xanthosis sometimes refeiTed to as pseudoicterus since it resembles 
the pigmented appeaiaiice of jaundice but differs therefrom in that the 
scleroties are not im oh ed The condition of xanthosis has also been obsen ed 
111 noiidiabetic mdmduals, chieflv children on a diet rich in carrots Elimi- 
nation of this Aegetable from the diet generallv leads to restoration of the 
noinial skin coloiation 

As tai as is known at present, an increase in the carotin content of the 
blood has no particular clinical significance, and can be controlled easih by 
adjustment of the diet Its possible importance however, cannot be ignored 
since lie are also ni ignoiance of the function normallv fulfilled in the organ- 
ism bv the caiotinoids The last decade has added considerably to our knowl- 
edge of carotin the close association in plants and legetables betueen lipo- 
cluome pigments and the fat-solnble accessors food factor vitamin A has 
led to the discos in tliat minute amounts of purified cnstalline carotin (but 
not xanthophclh when added to Mtamin A-free diets produce effects com- 
pilable in (sen was witii those of Mtamin A * *■ and that in efrect, carotin 

cm now be legarded as the precursoi of that \itamin in the animal orf^m- 
isin ■ ' Thiongh the researches of WiHst.tter and Stoll sail den Bcndi and 
Ills coworkers’' " Palmer and others methods are now- available for detect- 
ing the presime of carotin in sernni and estimating it quantitatnelv These 

.‘•■'■"T. Ui. D<esrtm^nt Blodioml m F ic«IU of Mraiclnp Lnlvrr-Iu of Msn.toba 
W Innlrsc Cama-I jinmona 

Hot* 1\ si for pohlintlon IprJl Cn los^ 
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methods piimaiih depend upon the solubiliti oi caiotiu in Ion boding petio- 
leuni ethei and the fact that this solAent will icinoAc caiotin qiiantitatn civ 
iioni its solution in 80 to 00 pei cent alcoliol The lattci fact is of considei- 
able inipoitanoe «incc Palnici has shown that the pigment is appaientlA in 
some fonn ot combination with the seinni piotcin winch incAcnts its diiect 
extiaction Tieatment of the seinm with alcohol piecipitates the piotenis and 
leleases the pigment, winch can then be evtiactcd As all othei pigments 
likch to be piesent, inelnding hemoglobin and biliinbni, leniain dissohed in 
the alcohol the petiolenm ethei extiact can be lenioAcd and compaied against 
a standaid solution This in bioad ontlinc is the jnocednie which is nni- 
Aeisalh adopted, onh Aaiiations in the details ot the technic distinguishing 
the methods ot difteicnt imestigatois 

Since solutions of ]niie eaiotin aie unstable toi loutine dcteinnnations 
an aitificial standaid is essential and it has been lonnd that a dilute solu- 
tion ot potassium diclnoiiiate gnes 4 I coloi ‘iilificienth close to that ot caiotin 
to enable it to be used instead A peiusal ot the litci.ituie icAcals that in the 
stienglh ot the diclnomate standaid solution used ,nid its coloi Aalue in tcinis 
ot caiotin lie the gieatest diAcigcnces bet\Aeen the Aaiious methods of esti- 
mation The chief difficultA, which has not alwaAS been appiccmted, is that 
the lelationship between concenfiation and coloi intensitA 111 an aqueous 
solution of potassium diehi ornate is not the same as c\ists in a petiolemn 
ethei solution of caiotin This i« exemplified in 'Willstattei and Stoll’s use 
of a 0 2 pel cent solution of potassium dichioinatc as standaid TIica’ found 
that a 5 X 10 niolai solution of caiotin (0 00268 pei cent) compaied in a coloi - 
imetei at a depth of 100 111111 against this dichi ornate solution gaic a coloi 
match when the depth ot field of the lattei A\as 101 inm When the caiotin 
solution was placed at 30 and 23 mm lespectn eh*, a coloi match A\as ob- 
tained AAitli the diehiomate solution at the lespectiA^e depths of 41 and 19 mm 
Notwithstanding these dneigeiices of coloi iiitcnsitA at difteient depths ot 
field, colonmetiic compaiison without adequate collections has been consist- 
eiitlA used 111 cAaliiating the degiee of caiotinemia, and conseqiientlA' wheie 
the Aaliies aie expiesscd as actual carotin content theie aie ineAitabh* seiioiis 
disci epancies 

If the depth ot field be kept constant then this eiioi is aAoided, togethei 
with the not incoiisideiable eiioi due to the compaiison of a Aeiy Aolatile liq- 
uid with a noiiAolatile one in open coloiiiiietei cups The following pioee- 
diiie was theiefoie woiked out Aiitli the idea of obtaining a loiitine laboia- 
toiA method which could be used witli a icasonable degiee of acciiiacv The 
manipiilatiA e pioceduie is piactiealh that of Paliiiei as used hi Eabiuow itclP= 
with small amounts of seiiini but adapted to gne a allies which can be ex- 
piessed 111 teims ot caiotin It consists in exti acting a mixtiue of seium, 
plastei of Pans and alcohol, with petioleum ethei, tianstening the extiaet 
to a clean diA test tube and coiiipaiing it against a set of picAioiislv piepaied 
btandaids As it is 111 the choice of suitable standards and then caiotin Aalue 
that the utilitc of the method depends, it is neccssaiA’ to deal AAith this 111 
some detail 
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'Ihc ticleciion of hiinidnid Solutions — 

When this im estigation n as commencccl Rabino\\ itdi s method n as fol- 
low ed, ntili 7 nig as standaids petroleum cthei solutions ot oleic acid hut these 
ueie found to he uiisatisfactom Oleic acid is an oih liquid at oidmam teni- 
peiatiues and ulien cliemicallv puie is coloiless Being an uiisatui ated com- 
pound it readily 0A.idi7es on exposuie to an and the gieatei the amount ot 
irapnritv piesent the gicatei is the coloi nhich it possesses Rahinomtch 
himself admits that his standard solutions detenoiate and should be renewed 
n eeklv , foi a peinianent standaid he lecomniends the pota'-sium dichromate 
solution adopted bv Couiioi Anothei obiection to the use ot oleic acid is 
the difficultc of obtaining iinifonintv of coloi atioii when the and is obtained 
from difteient sources We compared a number of samples of difteient grades 
of olere acid which were in stock in each case making up a 50 per cent solu- 
tion in petioleuni ethei Taking the purest sample as equivalent to 5 units 
of pigment (iide Rabinowitcli), four samples had \alries ot 5 11, 20 and 30 
units lespeetireh whilst two ren impure samples were so stionglv colored 
as to be noncompaiable It was accordnigU decided to use potassium dichrO' 
mate as the standard A 0 2 per cent solution w as made up and taken empi- 
iicalh as 100 units and a series of test tribes (each of monav glass and 13 mm 
bore) piepaiecl, eontauiiiig the dichromate solution suitabh diluted to repre- 
sent 1 to 100 units These test tubes sealed and kept out ot contact with 
light, contained the senes of standAids It still remains to determine then 
carotin eciunalent Xo puie carotin being asailable at that time a carrot 
was extracted with petroleum ether, and without further manipulation the 
stiongh colored extract was diluted with petroleum ether until it ga\e almost 
exact color comparison with the 0 2 per cent dichromate solution both solu- 
tions being compaied nr te^t tiilns of 13 mm bore using a simple color coni- 
paiatoi This extract was then ptogies^-uelv diluted with the sohent until 
a series of dilutions were obtained similai to those of the dichromate On 
compaiiiig these diluted caiotin solutions with the coi responding dichromate 
solutions it was obseiied that as noted be Connor proc're'-snc dilutions of 
the two solutions did not gi\e coiiesponding salues The x allies were tlieit- 
tore plotted against one anothei and were seen to he approxiniatelv on two 
straight lines wliicli intersected at a point eqiinalent to 47 5 dichi ornate units 
To xciifx this unexpected fiiidin" on two othei occasions petroleum ethci 
extiacts of carrots weie made, piogiessixeh diluted compaied with the di- 
clii ornate standards and the lesiilts plotted Although the carotin content of 
these extiacts xariecl ni each case a gnph similar to the fiist one was ob- 
t lined with tin point of iiiti i-^ectioii hanng the ‘^anu dichromate xaliie 47 5 
units Fmtiur the lesuUs fiom all three expel iments when plotted togethei 
could he lepiesented hx one pin of mtersectinir straight hues In oulei to 
uhite this to ictual caiotm content i simple of cixstallinc cnotin was pn - 
pmd from eaiiots and rccixst illwcd It had a melting point of ( 

tmicon t A solution cont inniur 4 0 mg of the trxstals in 100 c t was found 
to -iM color compiiisoii with 111 duhronntc imits (100 units beinu r.prc- 
siiiiMl In 1 0 2 p. r ..111 solution , p ] thin for, lojiris, „ts th, xahus 
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expressed in mg carotin pei 100 c c of a 0 2 per cent solution of potassium 
cliclii ornate and its piogiessne dilutions 

The leason foi the sudden change in the angle of inclination of the giaph 
IS unicnonn It is not a piopeidj of the clichi ornate solution, this has been 
tested and foimd to give a stiaight line ujicn the coloi intensity is plotted 
against the concentiation thiougliout the nliole lange The explanation maj 
lie in the fact that the peti oleum etlici used (Meick’s cp BP 30°-80° C) 
was a mixtuie and not a tiiie chemical compound, but in am case it is only 
of theoietical mteiest, since oui expeiience has shoun that even most pio 
nounced cases of caiotinemia haie i allies iihich he in the loiiei segment ot 
the giaph This pait of the giaph can be lepiesenfed br the ecjuatioii 



PoTflssit/ri DicHnor\ftT£ Units 
loo UniTJ = O Z, PfH tcnT souuTion 

Fis 1 — Graph sho^Ning the caiotin talues of potassium dichromate units at a depth of 11 nun 


X = 0 375 y (uheie v — numbei ot dicluomate units and x = iiumbei ot 
caiotin luiits), and as each caiotin unit lepiesents 0 04 mg ot carotin ni 
100 e c of petroleum ether the equation can be fuithei simplified and uiit 
ten thus X = 0 015 i (vheie X = mg caiotin pei 100 c c ) 

As piCMOush mentioned Willstattei and Stoll’s lesults shoved that a 
diehi ornate solution gate laijmg lalues when compaied against the saint 
caiotin solution at difi;eient depths of field It is not theiefoie possible to 
contiast then lesults uitli c aiding coneeiitiatioiis of dicluomate and caiotin 
solutions at the same dejith of field, such as is nou lepreseiited giaphicalp 
Poi the same leason Comioi’s tabulated data ot the caiotin lalue of diffeient 
strengths of clichi ornate solution at a depth of field of 30 mm , aie not com- 
parable with oui lesults which ueie obtained with a depth of field of 13 mm 
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Details of the method of estimation are as follows Tiio c c of serum aie 
pipetted into a graduated centiifuge tube, and to this is added (m small por- 
tions) -i gin of plastci of Pans the serum being stiried after each addition 
bv means of a thin glass lod When all has been added the contents of the 
tube should have the consistency of a thick paste Tu o c e of 95 per cent 
alcohol aie then added, and aftei again miving thoroughlv the glass rod is 
withdiaun, and 2 c c of petroleum ethei pipetted in The tube is immediatelv 
stoppeied uith a close fitting cork stoppei (nibbei is attacked bv peti oleum 
ether), shaken eithei b^ hand or (piefeiablv) mechanicalU foi ten minutes 
and then centrifuged The contents mil be found to haAe separated into 3 
layeis of irhich the top contains all the carotin pigment The top layer is 
measuied and tiansfeined to a clean div test tube of 13 mm bore, which is 
tighth stoppeied, and the coloied liquid compaied against the dichromate 
standaids until a match is obtained The \alup in dichromate units being 
thus obtained, ficni the equation the equnalent calne m teims of carotin is 
caleidated As this is evpi essed m mg per 100 c c a correction has to be 
applied to compensate for the solution of a fiaction of the peti oleum ether in 
the alcohol lai ei This is allowed foi bi multiph ms b\ a factor, obtained by 
dniding the mea=uied amount of the peti oleum ether layer bv the ^olume 
of peti oleum ether taken Aftei some practice we found that the petroleum 
ethei lajer could be taken as 1 8 c c , gning a factoi of 0 9 In Table I is 
shown a summaiw of results obtained with this procedure 


Tvble I 


NO OP I 

C\SES 

^ MG r POTlX PEP 100 CC SEPVM 

DESCriPTION } 

ME\N 1 

EXTREMES 

18 

1 Xomat 

0 063 1 

1 0 02-t - 0 ms 


1 Dialietic 

0 213 

0 072 - 0 370 

S 

1 PstimloeK but noaitiab"! c 

0 055 

1 0 032 - 0 092 


The Infliicvcc of the Sentm Caiofin upon the Icfcnts Iticler — The icterus 
index mtioduced b\ Meulengiacht” a-^ a measure of the degree of bile pig- 
mentation of seium consists simph m matching the color of the serum against 
a standaid solution of potassium dichromate and is laigelv used as a routine 
test in cases of laundice In such cases it is assumed that the amount of 
carotinoul pigment piescnt is not maikedh increased and that conscqumtlv 
the index gnes a fairlv leliable indication of the amount of bilirubin present 
111 excess of nonual As amended b\ ^^lauc’- the piocedmi consists m toni- 
paiing 111 the eolonmttei a siiitabh diluted scrum against the standaid, the 
icterus index being calculated fiom tlm foiimila 


Iteacling of standard 
Itoading of unknomi 


clilutioii 


It follows that when the standard and unknown readings aie equal the icterus 
index IS eciual to the dilution The standard used is a 0 01 per cent solution 
of potassium didu ornate so that if a 0 2 per cent solution is repicsentfd h\ 
100 units then tlu mme dilutt solution reprc'onts 5 units which is equnahnt 
to 0 075 imr larotin pi i 100 ec The hiirhest calue uhich wc obtnncd foi 
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uondiabetic sexum was 0108 mg caiotin |)li 100 tt so tliat tlie coloi chu* to 
eaiotin iii tins seium could be lepicsciited bA an ictdus iiuIcn o± 1 4 The 
uoimal lauge £oi the leteius huUn accoidiu'r to Beiiilicini’' js 4 to b aiul 
these hunts aie geueialh accepted, eonscquf*ll1l^ tiu coloi due 1o caiotin ni 
the seia of uoudiabetic indniduals app.ncnth can lune but little influence 
upon the icteius inde\ IVith cases ot diabetes howecei the caiotin content 
mci eases consideiabh Oi the 14 cases lepoited in Table 1 the highest lahie 
obtained was 0 379 mg ecpinalent to about 25 diclnoinate units This is tne 
times the stiength oi the icteius index standaid and can theieloie be lepie 
seiited bA an index ot 5 This sipiei inipo>^ed u]ion the iioiinal lalue bungs 
the index within the 7one of latent laundice On the othei hand such a lalue 
crould be accompanied be xantlicsis and otlici s\niptems which could be icc- 
oguized clinicalh It can be concluded theiefoic that exccjit in Crises oJ w ell- 
maiked caiotinemia such as sometimes accomjiain di.ibctes, the coloi of the 
seium due to caiotin has cen little eflect upon the icteim index 


SiniMAlt\ 

Details aie gnen of a modihcation suitable loi loiitine deteiniinations 
ot Palniei ’s method foi the estimation ot seium c.iiotin It can be c.iiiied 
out on 2 cc of seium and the icsults expiessed with leasonable aecuiacN in 
teinis of mg caiotin pei 100 ce seium 

It IS concluded that except iii ca<-es of niaiked \anthemia .leeoinpain iiig 
diabetes the caiotiiioid pigmentation ot the seium does not influence the 
icteius index to am appieeiable extent 

tVe wisli to CNpioss oiir iiidcljtodncss to Di C Hniitei, on wtiose siigpcbfinn tins in 
\cstigation ivis undcrtskoii, nnd m addition, to Drs 1' T Hart and N W U arncr, tor 
permission to investigate tlieir <. ises and tor tlieir iiiteicbt iiid coo])cration tVe also wisli 
to tliank Pioftssor A T Cameron foi Ins criticism and adinc 
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THE EFFECT OP AHYL NITRITE UPON THE FINGER d OLOIE" 


Cari a Tohxs-on t M D Chkaco Iti 


T he pieialent opinion as to tho action ot aniil nitiito upon the peripheial 
xascnlai system is that of a "eneialized vaso dilatation the eftect being 
11101 e piononnced in the fare and neck legion than elseivheie 

Accepting this xien iie wished to use this ding as a fontiol ding m a 
study of the factois niodifiing fingei lolunie Om lesults ivcie lather stiik- 
incr and hence ue felt pistified in making this hnef repoit 


PROf EDLPE 

^Ian\ plethvsmogiaphs ha\e been desenbed, but foi the paiticulai pur- 
pose at hand ue used a specially constiiicted instimment illustiated m Fig 1 
It consists of 1 c c pipette giadiiated to 0 01 c c fused to a one inch test 
tube Tlie test tube is cut oft to any desiied length and a glass stopcock fused 
to the side The open end of the test tube is coxeied with a rubber dental 
dam with a bole sufficient to admit a fiiiaei snugly 

A drop of alcohol containing some pigment such as ink is allowed to run 
to the contei of the pipette The glass stopcock is kipt open one finger is 
put oy< 1 the open end of the ppiette the fingei to be tested is inserted into 
the pletlix'-mogiapli and tin nidnidnal takes a comfoitable position The 
gbiss stopcock IS thin closed 

With tlu amagi mdiMdual the deflection with each heait heat is ap- 
pioxiiiiateh 0 01 to 0 02 c c (2 to T mm) uhile with some rases of aortic 
liguigitation the defli ction max bi as gieat as 0 05 to 0 06 cc xxitli each 
heait b( at 

Time IS alloxxid toi an tiimhbiium to be iradied xxithin the tube for 
xapoi and t< mpr latnic cliaiigr •, xx ill modifx the leadings This usnallx takes 
about fiitrrii luiiiiites Afti i a suitable coutiol peiiod, aim I nitiite xx as gixeii 
hx inhalation and iiading-, taken Noimal hcalthx iiuliMtlnals xxeu used 
thiongliont tin woih and in the siitinir pristine 
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111. 11 suits aie gixin in Tnbb I Kiom tins n is sun that tor some iii- 
dixuluds (he hngei xolnme rUcuasis immuliatrlx following aiml nitiite 
.imrnnitmg to ihoiil 0 20 or 0 25 < r It will he iiotul tint in one case tM; 
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Table I 


This Table Illustrctes the Effect of Amyl Kitoite by I^^\L\TIO^ TJfoy Five Eormal 

ILDIVIDDALS THEIIEVDINOS ApF IN 0 01 C C 


3/11/31 

3/14/31 

! 3/14/31 

3/14/31 

3/16/31 

JOHNSON 

FENN 

BISSELIi 

, \OUNG 

j MILLER 

TIME 

READ 

RATE 

TIME 

READ rate' 

time 

EE\D 

R\TE 

TIME 

IPL^D 

RATE 

; TIME i 

|RE\D RATF 

3 12 

04 


11 45 

03 


12 57 

0 26 

92 

1 34 

0 32 

66 

10 15 

03 


3 17 

0 39 


11 47 

03 

SO 

1 12 59 

0 26 

88 

! 1 36 

04 


1 10 17 

0 28' 


3 20 

0 41 

' 

1 11 49 

i02 


1 00 

10 24 


1 1 38 1 

0 49 

66 

10 IS 

03 1 


nitrite 

, 11 50 

019 

76 

1 01 

0 23 


1 39 1 

0 45 


10 19 

0 31 


3 201 

019 


11 51 

0 23 
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1 10 20 

0 3 
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0 21 

1 
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1 02 

0 43 

136 
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0 29 
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0 55 

1 

1 10 20? 

0 09 j 

1 

3 23 
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oil 


3 24 
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0 03 
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013 


1 44 
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0 49 
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the patient fainted A decreased pulse late nas soiuetnnes associated nith tlie 
deci eased fingei volnme Polloning this tlie late and fingei Aoliimc nsiialh 
mcieased aboie the coiitiol laluc In one case the total change nas 0 53 c c 
(Table I, Dr P ) 



Fig 1 


In contrast to the above senes of erents some individuals shon the 
leierse, le, piimaiv increase in fingei volume ivith a subsequent deeiease 
of fingei volume below the contiol value (Table I, Di B ) 

DISCUSSION 

"We bale assumed without direct proof that sudden changes in the fingei 
volume are due, in most part, to changes in the amoimt of blood in the finger 
vessels We realize that slover changes in the readings maj in part be due 
to temperature changes in the fingei associated with changes in blood supply 
On this assumption we feel that the decreased fingei loliime in some in- 
dividuals following amjd nitrite is due to the or eiw helming splanchnic dila- 
tation, decreased heart rate and amplitude with consequent fall in blood 
pressure This causes a drainage of peripheral blood into the splanchnic 
region in spite of a possible definite relaxation of the vessels of the finger 
m question In other words, blood pressure is insufficient to distend the 
vessels 
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SUACAtART AND COXCEUSIONS 

The author has attempted to show bj means of a special fingei plethys- 
mograph that in some mdiA iduals a primam decreased finger volume occurs 
following amyl nitiite and attributes this finding to the drainage of periph- 
eral blood into the splanchnic region He is awaie of the possibility that 
definite relaxation of the finger Acssels mav occur, but the blood pressure is 
insufficient to distend them 


THE VALUE AND LIMITATIONS OF THE ASCHHEEM-ZONT»EK 

PREGNANCY TEST^ 


By Robert T Frank, il D , iloPRts A Goldberger M D , anti 
Gertrude Felshix D , New Yopk City, N Y 


N O SATISFACTORY test for tJie i eeognition of earlv pregnancv was avail- 
able until the Aschheim-Zondek test appeared in 1028 * This reaction is 
based upon an increase of the antenor pitiiitarv lobe matuntA' factor m the 
mine of the pregnant woman The discoieieis of the test haie been able to 
recognize pregnanci as earh as three to four davs after the expected peiiod 
failed to occur 

A numbei of articles confirming the repoits of Aschheim and Zondek 
haie been published since 1928 ■ None of them have contained modifications 
uhieh haie proied of Aalue 

The Asehheim-Zondek test m the hands of most inA estigators and clini- 
cians A\lio haie lepoited on it shows an acciiracv of 95 to 98 per cent Avhich, 
for a biologic test is extremeh satisfactoiA Biouha,'' hoAvcAer, obtained a 
positiAe reaction in onh 60 per cent and Mazer and Hoftman in 75 per cent 
Our oun experience coAenng some 350 tests, has pioAcd satisfactorv 
Ceitain technicdl details, sources of erroi or difficulties, as aacII as comparisons 
A^ith other methods of diagnosis, appeal AAoithv of reeoid 

The Aschheim-Zondek test aabs perfoimed on the urines of 305 patients 
Of these 27 cases must be discarded because of the death of all the mice, in a 
fcAA instances also on lepetition These uere all among the fiist tests per- 
foimed The test should be lepeated it onh me mouse suiaiacs and its oAarics 
aie found negatne Ba using onh catheteiized urine or Achere this could 
not bo obtained In first passing the mine tluoiigh a Beikfeld filter tlie inor- 
talitA of the mice has been reduced to a negligible figure 

At Aanous tunes attempts at a arc mg the technic ueie essared One of 
the lecominended methods aaos the use of but tuo mice each receiring 0 5 c c 
of urine foi 6 doses Trial shoAAcd tliat the lesults uerc less reliable 

Our standard technu diftcrs in onh one Kspect fiom that of the origi- 
nato^ of the test naimh in the c mploA iiieiit of four female immature mmc 
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instead of five The mice aie moected subcntaneousli , lespectn elv i\jfh 0 2 c e , 
0 25 c c 0 35 c c , and 0 4 c e at eacli injection mIucIi aie spaced t\i o on the 
fiist, tliiee on tlie second and one on the thud dai On the fouith dav (100 
houis aftei tlie fiist iniection) tlie mice aie killed nith illnniinating gas and 
at once antopsied 

Inspection of tlie oiaiics in positne cases shons one oi iiioie inimite piu- 
plish black spots in the oiaiies (anteiioi pituitair leaction II, APR H) oi 
less chaiacteiistic giayish lellon eleiations (APR III) lesnltnig fiojn the 
luteini/ation of uuiTiptuied follicles APR III can be coiifiiined as lecoui- 
lueiided bv Asehheiin and Zondek, bv coiciing the oiaiies nith a chop of 
ghceiin and flattening them betneen a glass slide and heaii coiei glass The 
luteinized follicles oi coipoia hitea can then be distingiiislied hi then iiioie 
opaque and giaiiulai appeaiaiiee, fioiii piiiiioidial oi iiiatuiing giaafiaii fol- 
licles if at once e-^ainined unnei the low powei of tlie niicioscope Tins diftei- 
eiice in opaeitc disappeais within httceii minutes as the ghceiin “deal’s” the 
tissues In laie instanees, if this ciude but inpitl method pioies indecisive 
seiial sections of the oiaiies must be cut 

Opening of the lagina as well as eiilaigement of the iiteius and matuia- 
tioii of follicles (APR I) although due to the piesenco of lij-pophyseal hoi- 
mone signifies absence of piegiianci 

In the 321 tests which weie completed, 10 eiiois oi 8 1 pei cent occiiiicd, 
all m the direction of negatne lesults in the picseiice of piogiiaiiei as demon 
stiated bv opeiatioii, follow up, oi lepetitioii of the test at a latei time In 
no case ivas the test positne in the absence of piegnancc We now legulaih 
ciush and e\ainine all niacioscopicalh negatne ocaiies as, in a not incon- 
sideiable nuiiibei of instances coipoia lutea indistinguishable to the naked 
e^e 01 to the loupe aie thus leeognized 

In seveial instances, espeeialh in the fiist weeks of picgnanci a nega- 
tne leaction was noted, followed in a few weeks, on lepetition, bi a positne 
result 

Death of fetus did not aftect the lesult as long as the pioclucts of coneep 
lion weie letained in uteio eien foi weeks oi months This is in shaip con- 
trast with the blood female sex hoinione test® which, as a lulc, at once be- 
comes negatne Tlie sole exception to these obseiiatious was a case of 
“missed aboitiou” with detachment and letention of the oiuni, in which 
the Aschheim-Zoudek test was also negatne 

Of eleien ectopic gestations, eight gaie a positne leaction One nega- 
tne leaction was noted in a uiine obtained two dais aftei opeiation, anothei 
was accounted foi hi the com]3lete degeneiation of the eetopic oium Con- 
sequently but one negatne lesult can be asciibed diieetly to faihue of the 
leaetion 

Mazei and Hoftman' desciibed a uiine leaction in which 10 e c of sus- 
pect 111 me IS injected in 5 dnided doses into matin e eastiates In only 75 
pel cent of piegnancies was a positne leaetion obtained In 4 pei cent of 
nonpiegnant nuiies then test pioied positne This high peiceutage of enoi 
m the pieseiice of piegnanci may be accounted for bj the fact that oni 
studies^ l\a\e shown that dniing the fiist eight weeks of piegnancy a nega- 
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tiYe phase in the production of female sex hoimoue takes place The false 
positnes, on the othei hand, aie due to excess excretion of female sex hor- 
mone noted hv ns" and otheis’® in ameuoiihea and in Aarions distmbances 
of the cede at the appioach of the menopause 

The Siddall test,” ivhieli is based on the combined contents of female 
sex hormone and anterior pituitary hoimoue in the blood serum of pregnant 
women n ith the consequent inci ease in \s eight of the genital tract of the in- 
jected immature mice gai e 17 per cent of false positii es in 3Iazei and Hoff- 
man’s hands It should, theiefoie not be emploved 

Asehheim and Zondek^ m 1928 obseri ed that 1 0 to 0 5 c c of blood 
seium of pregnant women gaie a positne reaction (APR II or III) Fluh- 
mann” noted the same lYe hare found seium reaction (using 15 ee 10 
cc, and 05 cc totals, dnided into 6 injections) almost as reliable as the 
urine test 

In one case of hcdatid mole the urine test was positne, as nere the 
blood and urine female sex hormone tests 

In two eases of choiionepithelioma in the male the Aschheim-Zondek 
test was positne (one primaiw choiionepithelioma of testis with letroperi- 
toneal raetastases, the second multiple chononepithehoma of the lung, pii- 
man- site undetermined) These cases will be repoited elsewhere m more 
detail 
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SUMJIARY 

1 The Aschheim-Zondek tost li the oiigmal techiuc is followed, is batis- 
iactoiy 

2 Paihiie of positne losiilt in piegnanci occuucd in 3 1 pei cent 

3 If the oiaiies aie iiegatne inacioscopieallj , it is advisable to examine 
the flesh, ciushed ovaiies undei the micioscope 

4 No positive icaction, in the absence ot picgnanci, iias noted in oui 
series 

5 Death of fetus niaj not influence the leactioii foi veehs The fcinale 
sex lioimone blood leactioii is nioic delicate nndei these cucnmstances 

6 The Astlilieiui-Zondek leaction is also leliable in the diagnosis of 
ectopic gestation 

7 Choiionepithelioma in the male pioduces a positive leactioii 

S The blood seiuin giies an aecinate Asehhenn-Zondek test Fiuttici le- 
poit on this will appeal latei 

Oiii expeiience mth the lutiaienous PiiednicUi’'’ labbit piegiiancy test, 
nliicli IS said to gne a leaetion m tiientx -eight to fhiitj six boms, is in- 
sufficient to pel nut of coinnient oi ludgment 


RCFERCNCES 

1 Asclibcini, S , and Zondek, B Stliivnngersclnftsdngnose ans dem Ham (Diirch Hor 

iiionmcliwcis), Klin tVclmstlir 7 S, I92S 

2 Liese, G , and Anor, E S The Biologic Diagnosis of E iih Prcgnanci In tho Asthlieim 

Zondek Test, Am T Obst S. Ginct 20 607, lOSO 

3 Hack, H C, and Cathemood, A E The Aschheim Zondtk Ecacfioii in Hidatidifom 

Mole and Malignant GUouoncpitholionia, Am T Obst £. Giaicc 20 C70, 1030 
Matlncu, A Pregnanes Ttsts, Med Sentinel, No\ , 1020 

■Ertihaidt, K Beitrag riir Hipoplnsemoidcrlappon Bcaklion inter Besondcrer Be 
ruthtsictigiing der Asehheiiii ZoiidtXscJieii Schnangeischaftrcaktion, Klin Bchiischr 
8 20-14, 1920 

4 Broulia, L, Hingla s, H, and Simoniict, H Biologic Diagnosis of Prcgnanci, Pans 

Med 1 221 230, 1030 

5 Mazer, 0, and Hoffman, J The Three Hormone Tests for Enrh Prcgnaiici, T A 

M A 96 19, 1931 

6 Prank, R T , and Goldbeigcr, M A riiincal Data Obtained With the Female Se\ 

Hormone Blood Test, J A M A 90 106, 1028 

7 Alazcr, C, and Hoffman, j Tlio Diagnosis of Bailj Progiianta Through the Detection 

of Female Sex Hormone in the Uiine, Am J Ohst A Ginec 17 ISG, 1029 

8 Frank, T The Ptiiiale Sex Hormone, p 104, Charles 0 Thomas, Springfield, 111 , 

9 Flank, K T , and Goldherger, M A The Female Sex Hormone XI Utilization of tho 

Hormone in tho Normal Moinan Effect of Abnormal Kidiioj Pcrmcabilitx in the 
Production of Araenoirhei and Sterilitx, J A M A 94 II07, 1030 

10 Zondek, B Die Hormone des Oianums iiiid dos Hrpophiseinordtrlappens, p 230, 

Julius Springer, Berlin, 1931 

11 Siddall, A C The Hoianone Test for Prognaiie>, J A M A 91 770, 1928 

12 Fluhmnnn, C P Anteuor Pitmtan Hormone in the Blood Dunne Precnanev, J A 

M A 92 1744, 1920 ® 

13 Friedman, M H Mech inism of Oi tilatioii in the Babbit II Oiailation produced b} 

the injection of urine from pregnant nomeii, Am J Plnsiol 90 617, 1920 



THE CLDaCAL INCH)ENCE OP TRYPTOPHAXURIA* 


By ARTHtTR T Brice Jr , B A Palo Alto, Calif 


I N THE presence of concentrated sulphuric acid the aldehvdes leact with 
the tryptophane groups of anv proteins which contain such groups, pro- 
ducing the charactciistic lilac oi blue color of the Adamkiewicz reaction 
B S Walker and F H Sleeper* haie shown that the Boltz technic is a spe- 
cific test for tiTptophane based on this reaction as a result of the aldehvdes 
present as impurities in all brands of acetic anhvdride The Boltz test has 
been CYtensnely employed in the analysis of cerebrospinal fluids, and in 
November, 1930, I reported its application to mine- together with the results 
of a brief senes of normals indicating that tryptophane is not eliminated in 
quantities detectable by Boltz’s test in the urine of the normal male adult m 
health and on an aveiage diet and a senes of 525 tests on specimens from 
general surgical and medical cases This senes has now been extended to 
include over 600 tests from eases of neivous and mental diseases accumu- 
lated dunng recent months 

Dunng the couise of the application of the test to date the following 
observations having a technical beaimg have been made Positive specimens 
left standing at room temperature oiemight ivithout a preservative showed 
in the morning considerable growth of bacteiia and v ere negative by the test 
The same specimens preseiied with a few drops of chloroform, ether or 
toluol remained positive Positive specimens kept at room temperatuie m 
stoppered flasks have been preseried bv the use of toluol for as long as a 
month Mercuric chloride solutions piecipitate tryptophane from unne and 
preserve it against bacterial decomposition A verv' distinct improvement in 
the technic of the Boltz test when employed in uranalvsis has been found to 
consist in cooling the tube containing the test solutions, either in a large 
beaker of water or under the tap during the addition of the sulphuric acid 
This keeps down to a minimum the production of intei-fering vellow and 
brown colors, and renders the test much simpler to read with certamtj 

Twenty specimens from gencial suigical and medical eases hace been 
obsemed and recorded gmng positne Boltz tests in the presence of acetone 
and diacetic acid fee%en specimens fiom fice different cases of diabetes mel- 
litus ha\e been obsersed and recorded positne for tryptophane bv Boltz test 
in the presence of sugar The presence of acetone diacetic acid and sugar 
c\en in considcrahlc amounts theicforc does not necessarily mask a positne 
Boltz tost The removal of ammonia bj pcrmutit, or of phosphates and car- 
bonates h% Inrinm chloride and Indroxide or of carbohydrates bv copper 
sulphate and calcium Indroxide from the aicrage specimen of urine does not 
appreeiabh simphfi the reading of the Boltz test or increase its sensitnenecs 
throug h am clarification of mterfermg colors The exact sensitnencss of 
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the test up to the piescnt time has not been cleteimined It is believed to be 
aiiiph seiisitne to demonstiate a deal -cut casi]\ loadable leaetioii with patho- 
logic positives 

Tijptophane uas found to be piesent in 33 jiei cent of '125 specimens exam- 
ined fiom geneial siugical and medical cases Of 313 of these specimens uhich 
weie positne toi albumin 91 oi 29 pci cent ueie also positnc foi tnptopliane 
The highest iiieideuce of tnptophane in combination uith albumin ol ani 
gioup of specimens fiom similai cases was shown in the gioup of 25 speci- 
mens fiom nine difteient eases of degeneiatne diseases of the kidneis, eight- 
een of which 01 72 pel cent weie also positnc foi tl^ptophanc Two huiidied 
and twentv-two specimens positixe foi albumin hi the usual loutine tests 
weie negatne foi tnptophane bx Bolts’ test, indicating the existence of an 
albumiiiuiia in which the piotein molecule eliminated does not contain a 
ti^ptophaue gioup One hiiiidied and sixti-nine specimens in this senes weie 
found positne foi tiwptophane b^ Bolt/ test, of which numbei 78 oi 46 pei 
cent weie albumin fiee This indicates the existence of a tnptophaniiiia as 
a clinical entitx distinct fiom albuminuria 

The highest incidence of fiee tnptophane not in combination wuth albu- 
min was found in the small gioup of flic cases of nenoiis disoideis such as 
menopause, neuiitis, neuiasthenia, htstena, nenioietinitis and seicn eases of 
siugical shock such as amputation, gunshot and othei wounds, fiactine dis- 
location, and secondaiy henioiihage The figuies wliile meagei led me none 
the less to the eoiiclusioii that tij ptophanuiia as a distinct clinical entitv 
might most likely be found in the gioup of nenoiis and mental disoideis 
This conclusion has been paitiallv leiified bv the examination of oiei 600 
specimens fiom 101 cases of mental disease as follows miscellaneous diag- 
noses 7, general paiesis 7, manic depiessne pstchosis 7, dementia pieeox SO 
The aierage incidence of tnptophane positne specimens was slightlv less 
than in general suigeiy and medicine, being but 21 pei cent, this finding, 
lioweiei, lepiesenting almost entiielv fiee tnptophane not in combination 
with albumin Of the 101 eases examined bj the test eight in the dementia 
pieeox gioup liaie been found who consistently iiin a tivptophanuiia with 
no coneuiient albiiminuiia 

The eiidence is lathei stiouglj indicatne that tivptophanuiia in nenoiis 
and mental disease is most likelx' to occiu dunng peiiods of hj’pei aetnuty 
This conclusion was i cached by a consideiatioii of the findings in individual 
cases and is suppoited bv the following figuies Of 350 specimens taken at 
random fiom the four halls of one waid of the United States Yeteians Buieau 
Hospital No 24 at Palo Alto, California, 50 specimens oi slightlv ovei 14 pei 
cent weie found positne, wdiile of 258 specimens taken in the tub looin of the 
same waid 79 oi about 31 pei cent weie positn’e The findings with lefeience 
to the effect of tubs and packs indicate that this tieatmeiit is moie likelv to 
in ci ease a tijiitophanuiia than to diminish it 
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COilP ARISON OF THE HHCHLESON SLIDE TEST WITH A 
MACROSCOPIC TUBE TEST IN UNDULANT FEVERS 


By Hen-ry Welch Ph D , axd Fkien'd Lee 3Iickle M S Hartford Coxx 


T HE literahire on the relative ments of the agglutination test for undulant 
feier indicates that the Huddleson test is as specific and as sensitne as 
the macroscopic tube test Huddleson and Abell' ha^e tested thousands of 
serums ivith the rapid (Huddleson) method and find it as accurate and specific 
as anv other method of detecting the piesenee of specific antibodies for Bru- 
cella abortus Damon,- Palmer and Baker^ and Lienhardt and Kitselman' 
all leport the Huddleson test as accurate as the macroscopic tube test 

These Laboiatories hare been leporting on the presence of agglutinins for 
the Brucella group in blood sera since Novembei 19 1926 This work up to 
luly, 1930, has been pubbshed^ s - s » and with investigational studies in- 
cluded some 20,500 sera examinations The sera on reaching the Laboratories 
Mere sent to the Connecticut (Storis) Agricultural Experiment Station wheie 
the macroscopic tube test was made first bv Dr J G McAlpme and later by 
Di W N Plastndge, the results reported to these Laboratories and from here 
subsequently to the phvsician The time required caused considerable delay 
before the phjsician recened his report It was felt that by the use of the 
Huddleson technic, which is a considerably shorter method for diagnosing 
undulant fever, the test could be made in our oim Laboratories at a great saving 
in time Accordingly, the Huddleson rapid method has been run routinely 
on all specimens sent to the Laboratories for diagnosis of undulant fever for 
the past file months The results obtained have been compared with the 
results of the macroscopic tube test made in the Ltorrs laboratory 


METHODS 


Huddleson Bapid Method — The apparatus used m the Huddleson test has 
been described' and is easilv constructed in the laboratory For our miesti- 
gation a box of 16 5 y 11 y 6 inches containing two 50-watt electric light 
bulbs M as used (Note Fig 1 ) The top of the box was partially coi ered 
with half -inch wood fise inches wide to protect the eyes of the technician 
reading the tests The light bulbs were attached to either end of the box 
so as to be under the fiie-inch stiip of wood A piece of plate glass lined 
off in one and one-half inch squares coiered the rest of the top of the box 
Tlic nuddlcson antigen is standardized for use with undiluted sera in 
the folloM ing amounts 0 OS c c 0 04 c c 0 02 c c 0 01 e c and 0 004 c c cor- 
responding to dilutions of 1 25 1 50 1 100, 1 200 and 1 500 m the tube test 
For comparatuc purpo'-es agglutinations Mere made out to the 1 3000 dilu- 
tio^It lias found possible to do this hi a preliminarv comparison of the 


•From Bureau of Labonlorie« Connr-ctfeut 
UocxKcOl for pDbUcatlon Ma-v 1 


I> partm^nt of Hf-ilth 


cr 
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Huddlesou antigen m a tube test (diluted) and in a legular slide test (un- 
diluted) 

Each specimen of blood on leaclimg the Laboiatoiies uas centiifuged 
and the deal seia decanted A poitiou of tins seia uas sent to the laboia- 
toiy at Stoiis foi the niacioscoiiic tube test, and tlie leinaining poition dis- 
tiibuted in vaijiug amounts to produce dilutions 1 25 thiough 1 3000 (note 
Table II) on the plate glass One diop of antigen— Uuddleson fioni a stand- 
ardized dioppei was then added to each dilution The antigen and seia Meie 
mixed -nitli clean toothpicks and the plate glass rotated for tuo to three 
minutes The lights ueie then turned on inside tlie box and the degree of 
clumping in the difterent dilutions estimated Occasionalh in questionable 
positives we found it possible to obtain more accurate readings by placing 
the plate glass on a black background and leading bi direct light vith a 
dissecting microscope 



Fig 1 — Apparatus used for Huddleson test 


Maooscopic Tnhe Test — The antigen emploied in the tube test vas made 
from foru strains of Bimeelhr aboitus, coming fionr dilfeient sections of the 
counti’j, vhose agglutinabilitr had been caiefulh checked These strains vere 
giown for twentr-foui horns on 1 per cent glycerin Fairchild’s agar, and 
from these transplants were made upon plain Fairchild’s agar and incubated 
fortj’-eight hours at 37° C The gionth was harvested vith a small amount 
of 0 4 per cent caibolized saline solution and diluted for the final test to a 
nephelometei 1 on the McFarland’" Scale This diluted antigen was dis- 
tributed in small test tubes in 2 c e amounts and the serum added to make 
final dilutions of 1 25 to 1 3000 as shou n in Table II After the addition of 
antigen the tubes ueie corked and shaken, incubated for forty-eight hours 
at 37° C , and one reading uas made on the lemoial from the incubator and 
a second after tuenty-foui hours at room temperature 



THE HUDDEESOX SLIDE TEST 


60 


RESULTS 

A total of 156 sera A\ere exanimed Of these sera 20 ^^ere positive fioni 
a clinical and laboiatory standpoint bv both tests, there were 122 negatne 
with both, tests, 10 questionable reactions with the tube test and two with 
the Hiiddleson rapid test These results are summarized in Table I 


Table I 

Results or Huddiesov Microscopic Tube Tests o\ llS Seta Eetweev August 12 , 

1930 ASD Decembep 31, 1930 



WITH HUDDLESON 

WITH TUBE TEST 

i with both 

Positive tests 

20 

20 

20 

Xegative tests 

130 

122 

122 

Questionables* i 

2 

10 

lOf 

Repeated positives 

4 1 

4 

4 

Total tests 

156 

156 

156 


* Clinically negatKe 

tincludes ten questionable tube tests two of nhich also nere questionable with Huddleson 


An evainination of this table shows that theie is no difterence in sensi- 
tivity nith either test in the positne eases of undulant fever However, 
there were eight moie questionable reactions with the tube test than with the 
Huddleson nhich indicates a lessei degree of specificity of tins tube test The 
titers in tins senes of eight questionable reactions in the tube test varied 
from 2^ agglutinations in the 1 75 dilution to 2- agglutination in the 1 25 
In no cases were definite agglutinations noted in the 1 100 dilution 

In ordei to shon the relationship of the Huddleson rapid test and the 
macroscopic tube test more accurately the 20 positive tests with their titers 
are gnen in Table H In each of these cases a cliracal diagnosis of undulant 
fever was made 

Bv examination of Table II it ivill be seen that the Hnddleson test gai e 
highei titcis than the macroscopic tube test m eleven of the 20 tests Two of 
the macroscopic tube tests were slightlv higher than those of the Huddleson, 
nheieas seieii tests agreed in titei It is obviously not onr intention to place 
too ranch emphasis on diffoiences m titers hv these two tests Differences 
m tcchnic and technicians will probahh account for it, but it is interesting 
that m using such a senes as this that the Hnddleson rapid test did seem to 
slion titeis soraenhat higlier than the macroscopic tube test 

DISCUSSIOV 

Aicording to the Illinois Undulant Feccr Commission” a positnc re- 
action m a titer of 1 100 is considered diagnostic for undulant feier In the 
senes of 20 posUne cases leported in this paper onh m one case fnote sera 
Xo 00-112) nas a tube test titer as low as 1 100, and in this case the Hud- 
dleson rapid test '-hr wed a ranch hmher titer (1 1500) In our cvpenence the 
titers of sera from case-, of nndnlant fe\er are rarch as low as the 1 100 
dilution In all 20 cases the Hnddleson test slioiicd agglutination m the 
1 1000 dilution or better Clinical cases nith low titers reported bv v orhers 
elscvilierc ha\e not been encountered in Connecticut 
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Tabw H 


Degree op Agqlutia moN With Huddee&on Kipid Test and JIacposcopic Tube Tjst on 
T^\Ei>.n Olfsical Gasps op U\dle,\nt Temr 


OF SERA 

■ 


m 

Di 

100 

150 

200 

300 

500 

750 

1000 

1500 

' 3000 


H 

4+ 

4-1 


44- 


44- 


41 

4^ 

41 

4+ 

41 

57522 

M 

44- 

44- 

44- 

44- 

44- 


41 

4+ 

4+ 

41 

4+ 

41 


H 

4+ 

4-1 


4+ 


44- 


4+ 

31 

31 

t 31 

1 

61207 

M 

4+ 

4-1 

44- 

4+ 

44- 


44- 

4l 

■i-f 

21 

? 

- 


H 

4+ 

4-f 


44- 


4+ 


41 

41 

41 

41 

41 

61923 

M 

3+ 

44- 

4-1 

44- 

44- 


■n 

4+ 

4l 

41 

31 

21 


H 

3+ 

3+ 


3+ 


3+ 

1 

31 

21 

2+ 

1+ 

- 

69112 

M 

4-1 

44- 

3-1 

2+ 

7 


- 

- 

- 

1 - 

- 

- 


H 

4-1 

4-1 


4-1- 


4-1 

1 

3l 

21 


11 

- 

69822 

M 

2-1 

4-1 

44- 

44- 

44- 


21 

0 

- 

1 - 

- 

- 


H 

i+ 

4+ 


4+ 


44- 

1 

4+ 

4+ 

4+ 

4+ 

4-f 

70677 


9 

34- 

4-1 

4+ 

■*+ 

1 

41 

41 

41 

41 

31 

21 


H 

4-1 

4-1 


4rh 


44- 


41 

41 

31 

21 

2l 

73790 

M 

4+ 

4-1 

44- 

i 44- 

1 ‘‘+ 


4+ 

4x 

21 

1 

- ’ 

- 


H 

4-*- 

44- 


4-1 


4+ 


31 

21 

1+ 

7 


76311 

At 

4+ 

44- 

4-1 

44- 

44- 


31 i 

7 

1 - 

- 

- 1 

- 


H 

4+ 

1 4+ 


; 4+ 


44- 


4l 

4+ 

41 

4+ 

41 

767S7 

At 

4-1 


44- 

4+ 

4-1 


4l 

41 

4+ 

41 

41 

4l 


H 

1 

1 

44- 1 


44- 


44- 


4l 

4+ 

41 

4+ 

3l 

78331 j 

AI i 

4-1 

4+ ] 

44- 

4+ 1 

44- 1 


41 

4-f 

4+ 1 

31 

21 

- 


H 

4^- 1 

4-1 


4+ 


44- 


4l 

4+ 

41 

4+ 

41 

79025 1 

AI 

4+ 

4-1 

4+ 

44- 

44- 

4-f 

41 

41 

44- 

•3+ 

4+ 

2l 


H 

4'f 

4+ 


44- 


44- 


4-f 

4+ 

4-^- 

31 

2l 

79469 

M 1 

4-1 1 

4-1 1 

44- 

4-f ! 

44- 

1 

41 

4l 1 

4+ 

4+ 1 

4+ 

4-f 


H 

4-1 

4-1 


44- 


44- 


41 j 

4+ 

4+ j 

41 

4l 

79597 

M 

7 

? 

2+ 

44- 

4+ 


41 

41 1 

31 

21 1 

0 

1 

- 


H 

4+ 

4+ 


4+ 


44- 


Jo. 

4+ 

41 

21 

- 

SOloS 

AI 

4-1 

4-1 

44- 

44- 

4-f 


4l 

4l 

4+ j 

41 

21 

7 


H 

4-1 

4-1 


44- 


4-f 


4l 


31 

21 

- 

80160 

AI 

4-1 

4-1 

4+ 

4+ 

4+ 


4l 

4l 

4l 

41 

31 

2l 


H 

4+ 

4-1 


44- 


41 


4l 

4l 

41 

4+ 

Si 

80957 

AI 

4-1 

4+ 

44- 

4+ 

44- 


41 

4+ 

4+ 

4+ 

4-f 1 

2+ 


H 

2+ 

24- 


44- 


41 


4l 

4l 

41 

41 ' 

4-f 

81728 

AI 

4-1 

4-1 

44- 

4+ 

4+ 


44- 

4+ 

4l 

41 

41 

4l 


H 

44- 

4-1 


4+ 


4+ 


4i 

4l 

4l 

41 

4l 

81924 

AI 

44- 

4-1 

44- 

4-f 

4+ 


41 

4l 

4+ 

4+ 

4+ 

1 4l 


H 

4-1 

4-1 


44- 


41 


4+ 

4l 

31 

21 


82280 

AI 

7 

2+ 

34- 

3-1 

3f 


31 

3l 

21 

21 




H 

4+ 

4-1 


44- 


41 


4l 

41 

4l 

41 

i 4l 

521 

1 M 

44- 

44- 

44- 

4-f 

44- 


41 

4l 

4l 

4l , 

4+ 

t 4l 


4+ Complete Agglutination 
3+ 75% Agglutination 
2+ 50% Agglutination 


+20%Agglutinatlon 
- %AggIutinatlon 
H = Huddleson macroscopic test 
JI = Macroscopic tube test 


The questionable leactions noted iveie obtained in most instances fiom 
cases of tj^phoid fevei oi else fioin patients mIio had had tjplioid vaccine 
ivitliin a eai Wliethei these reactions iieie cioss ag'gliitinations mth tj'- 
plioid 01 natnial agglutinins for the Biucella gioup in the blood stieani ot 
the patient is difficult to saj The fact that the patients had tj'phoid fei ei 
or typhoid Amceine is at least suggestive Gilbeit and Coleniaid- lepoit the 
presence of typhoid agglutinins in the blood stieain of patients ivith febrile 
diseases who had neaer leeeived tj^hoid vaccine oi to their laiou ledge had 
typhoid fevei It may well be that the questionable leaetions we obtained 
were of a similar nonspecific iiatiiie being induced bv pievioiis injections of 
tj-phoid vaccine or a pieaious infection with the taphoid bacillus 
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Oiu results indicate fuitliei that the Hucldleson rapid method is slightly 
more sensitn e and specific than the tube test used for comparison Whether 
these difterences obseri ed ivere due to the ti-pe of macroscopic tube test used 
or indicate a superioriti' of the Huddleson technic over that of the tube test 
cannot be stated definitely without further u ork with a variety of antigens 
and tube test technics Howeiei, we do feel that for our routine examina- 
tions considering the ease and rapiditv of the test, the sensitnity and speci- 
ficitv of the antigen and the time saved in getting repoits to our physicians 
the Huddleson rapid method is far superior to that of the macroscopic tube 
test 

SUAIltART 

A series of 156 specimens of blood tested for the presence of agglutinins 
for undulant feier with a macroscopic tube test and the Huddleson rapid 
slide method indicates that the latter test is slightly more specific and sensitive 
than the former Titers as low as 1 100 dilution in positn e cases occurred in 
one ease onh with the tube test and the Huddleson in all positive cases showed 
ti pical agglutination in the 1 1000 dilution or Iiigliei The rapidity and ease 
v ith which the Huddleson method can be carried out makes it an excellent 
test for laboratories where the diagnosis of undulant fecer is earned out 
1 outmelv 
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A PEOPOSED STANDAED METHOD FOE THE EVALUATION 

OP FUNGICIDES'^ 


B"! Adelu McCrea, Pu D , Detroit, Mien 


T O THOSE who MOik with fungi, cspccialh paiasitic fungi, the problem 
of a safe and ceidam fungicide is of gieat impoitante Jluch uoik has 
been done in the attempt to find oi to dciclop eftettne agencies foi the de- 
stiuction of these pests of the field and laboiatoiv 

In leeent jeais, inteiest in tins dnection has lapidlj incieased due to 
widespread infection hi fungi paiasitic upon tlie Innnan skin Tliesc skin 
mycoses aie encountered much moie fiequenth at piesent than thei were a 
decade ago, and doubtless the a\eiage phjsician has come to lecognizc them 
moie leadilv as thej’’ become moie common Tins ti pe of skin lesion beais 
maiij’" pseudonjms, e g, golfei ’s itch, student’s itch, athlete’s foot, and, while 
not fatal, it is the cause of a tieincndons amount of annoyance and loweied 
efficieiic 5 ’' among those so afflicted 

In an attempt to coiiipaie the lepoits of laiious woikeis heietofoie 
made on the geimieidal piopeities ot substances used foi combating bacteiia 
and fungi, it became evident (al that no standnid method has been adopted bv 
wmrkeis in this field, and (b) that practicalh all of the tests heietofoie made 
in vitio liaie been based on continued contact, i e have been fungistatic tests 
lathei than fungicidal tests To call a substance fungicidal unless it actually 
kills the oiganism is fault's teiminology 

In connection w ith a studt of tw o of the most common oi ganisras encoun- 
teied in m 3 'coses of feet and hands, le, Ti icliophyton nitei digitate Piiestlj 
and Epidci mopliyton uihiiitn Cast, the wiitei has dei eloped a test method 
for fungicidal poweis of agencies against these and othei fungi, which it is 
hoped may be convenientl} followed b^ othei woikeis Once such a method 
IS established, it wull be possible to compaie ^elv closely tlie results obtained 
bj' many workers, and should gieatlj' deciense the amount of conflicting re- 
sults in subsequent lepoits In outlining the method below, an eftoit has 
been made to give all inipoitant details in full, but the w liter wull be glad to 
gne any additional information which may be desiied The method follows 
in detail 

Mednm Used — Sabouiaud’s oiigmal foiniula for glucose agai medium 
was used except that Ameiican ingiedients wmie necessaijU since the Piench 
glucose IS not obtainable The foimula is 

Glucose (Meick) 4 0% 

Peptone (Witte) 1 0% 

Agai-agar 18% 

•From the Research and Biological Laboratories Paike Da\ls and Compan\ 

Recrhed for publication Mar 13 1931 

■fPor purposes of isolation and identifleation of organisms the Piench peptone Chassatng 
is used but this was not practical for the large amounts used in these tests 
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This IS made up -n-ith tap water, sterilized fractionally in floM ing steam 
for one-half hour on three successive davs, adjusted to neutral and stored in 
flasks or tubed at once as desired This medium is used thioughout the tests 

Eeagents — ^In reporting the lalue of anv agencv it is most important 
that the soiaee should he fjiien as well as the exact designation e g “Auram- 
ine” IS prepared Aarious manufactureis and mav be listed as “Am amine 
0,” “Auramine 00,” etc the preparations often laiwing nidelv in then efb- 
ciencA' Pi oper designation would be, e g “Auramine 0, Coleman and Bell 
or whatevei the case mav be 

It IS also to be realized that the question of penetration is significant in 
anv study of lethal action, and that an inefi:ective substance, if propeilv buf- 
fered mar become of value, hence it is important that any and all such modi- 
fications be stated when data are given 

Physical Faclois — ^To reduce the variation due to these factors, the fol- 
lowing conditions aie adhered to (a) incubation in the dark at a temperature 
of 22° to 28° C (b) For agai slants, test tubes 16 / 140 mm are used inth 
a butt of to 1/2 inch (e) Spore suspensions are made on the basis of 1 cul- 
ture tube of growth taken up in 8 to 10 c c of sterile, distilled water This 
inoculum is then strained through ti\o lavers of gauze (cheesecloth) to re- 
moie mycelial fragments and prevent “clumping” of conidia It is then 
tubed and used within six hours after prepaiation in planting the test liciuids 

Ftnujicidal Test — This test invoices exposing the heavy stiained spore 
suspension for definite time periods to a fre«hh prepared solution of the desired 
strength of the reagent being tested After each interval of exposure a poi- 
tion of the matenal is transferred by loop to the surface of tubes of the stand- 
ard medium usually two loops per tube The tubes aie then incubated as 
abo’ie desciibed with the customarv control cultures The writer s practice 
is to add 0 5 c c of spore suspension to 2 e c of each test solution At inter- 
vals of one minute, ten minutes and one hour, poitions of the mixture are 
taken bv stining with the loop and transferring to tubes of culture medium 
Other quantities or time intervals could readilv be adapted to this method, 
but, in that event, they should aluays he defimtehj stated for the benefit of 
later workers and this holds also for the addition of one s choice of buffer 
or othei modification of the method Onlv by such cooperation mav we 
eventuallv overcome the lack of hannonv in the results of workers interested 
in tins matter 

To give a concrete illustration, suppose e g that a test is being made of 
the effect of gentnn violet upon sav, a Tnchophvton culture The procedure 
would be as follows 010 giu of the dve is taken up in a few drops of alco 
hoi and diluted with watei to 25 c c giving a solution of 1 to 250 From this 
stock solution one leadih prepares a dilution senes of 1-250 1-500 1-1 000 
and 1-5,000 which is sufficient range for a prchmiiiai-v ttst Each dilution is 
arranged in its respective tube 2 c c per tube To it is added 0 5 c c of spore 
suspension prepared as described above Transplants art made to two tubes 
of the standard medium after one minute ten minute^ and one hour and 
placed in the dark cupboard Dv “staggering ’ the intervals tlie whole series 
Of four dilutions and three time intervals can he completed 111 les,s than one 
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and oue-touith horns WithEi the }ie\t loitr-cight hows, often ni tnentj- 
foiu lioius, jriowtli will indicate i\liicli dilutions aie ineflectne, eg, giowth 
may be noiraal at 1-5 000 foi all tluee time evposineb but 1-1,000 show giowtb 
onh aftci one niiiinte and ten minutes Tins gnes a middle giound fiom 
wliieli to plan the final test Fiom the stock solution, kept in the lefiigeiatoi, 
dilutions aie piepaied of 1-600, 1-800 and 1-1,000 which aie then tested e\- 
acth as befoie and give a final lating, if good iiidgmeiit has been used in the 
dilution senes chosen Table I senes to illnstiate the method 

FusGicunii Test 


Orgiiiism Trjcliopln ton A 

Tost subst ince Geiitnn Molet (C A B) 



DILL 1 ION 

ONL MINI TF 

TFN AtlNUOTS 

ONL 

HOUR 

Piebmnian Senes 


1 250 

— 

- 


— 

— 

- 


1 500 

- 

- 

— 

- 

— 

- 


1 1,000 

4 . 


X 

X 

- 

- 


1 3,000 

+ 

+ 

+ 

+ 

+ 

+ 

Final Senes 


1 GOO 


- 


— 

_ 



1 800 

+ 

+ 


_ 


- 


1 1,000 

+ 

X 

+ 

■f* 

-• 

- 


Intel pret ition Gcntnii violet is fniigieKlsl for tins orgniiisin in one iniiiiito at 1 000, 
111 ten niinutos it 1 SOO, nnd in one Iioiir it 1 1,000, but permits normal growth 
alter an exposuic of one hour at 1 5,000 


It IS lecogiii/ed (a) that the addition of the spoie suspension to tlie test 
fluid iiieieases the dilution, and (b) that in boideilnic eases additional time 
intervals maj oecasioiialh be desiiable Iloweiei, the loiegoing method 
giies a len^ good idea ot the fungicidal aetniti of test substances and, fiom 
a piagmatie point of mew, has fiioAcd most helpful in establisliing compaia- 
tne c allies 

A lepoit IS in piogiess of lesults obtained iindei the aboie method with 
a gioup of the aniline dies and with canons othei matenals, which it is ex- 
pected will be published in the iieai futuic Tins will show a eompilatiou of 
the data obtained bi this method in tests of appioximatelv foity substances 
Eleien oiganisms wcie used diiniig these studies When checked be appliea- 
tiou to the actual “nngwonii” lesions in the guinea pig, the aboie “Fungi- 
cidal Test” was found to be of gieatei inactical use than anv othei means of 
eialuation tned 




A EECORDING TYPE OF ARTIFICIAL PXELAIOTHORAX 

APPARATUS^ 


B\ Butge.'--, Gordox, M D , Phii a.delphla., P v 


T he ^alue of compiession tieatmeut in unilateial pulmonan' tuberculosis 
(piogiessive) is leeognized Unfoi-tiinateh' the pioeedure is not vndelv 
eInplo^ed One of the reasons foi this is the difficultv in operating the usual 
ti-pe of appaiatus The chief objections conceni the iratei manometer used m 
deteiTOiiung the degice of thoiacie piessuie The nater is discharged easilv 
on coughing oi dm mg the impiopei manipulation of pet cocks This delays the 



Fie 1 — E tracer G chart holder K release Ic'er H prc'^^urr gauge M air nitrr 
L pump D, air rosenoir B pump pet cock C recording prt cock -1 air controlling pet 
cock 


opeiation and makes calculations difficult The fjucstion of fault} pioceduie 
mat he laised cien nith careful tecluiic and efficient apparatus because a 
"rapine iccoid is not atailablc In addition the usiial dcticts foi contiolling 
and cstimatin" the imount of aii passing into the chest aic not entiieh satis- 
fneton 

An instnmicnt Ins been dctised to minimize these obieetions (Fie 1 ) 
The follomng is the pi m of construction A coppei tlnmhei D cspecialU 
plated on the insule to pictcut eoirosion icjihcts the glass jai (oi jais) 
nsmlh emplottd ns m nir unmoir A eompic^sion pump L nul ffitci 3f 
P^o'^Hh the mcoh misni foi foicine dnst-fuc nil into the ehamhci An nncroid 
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pressiue gauge II (rccoiding up to 1050 cc ) shous the amoimt of an in the 
^ese^^on ' The laiiations in iiegatne and positne piessuie aic lecoided on a 
papei chait (Fig 2) In means of a set-up consisting of pet cocks, bellows, con- 
necting lod, geai bo\, tiacing needle and Inmogiaph The chait holdei G and 
the piessuie gauge II aie tilted at eomcnicnt angles so the opeiatoi maA ohseive 
the variations without difficultv 

The instillment is opeiated as follows The chail is placed in position 
on the kimogiaph, pet cock A is dosed, pet cock B opened The an lescivon is 
filled hv opeiating the compiession pump L, pet cock B is then closed Aftei 
piepaiing the site of opciatioii in the usual mannei pet cock G is opened, ink 
applied to the tiacei B and the IvAinogiaph staited In elevating the idease 
level K The pneumothoiax needle F is foiccd caiefiilh into the pleuial cavitv 
and as cntiance oeciiis the Incei E will swniig to the left (to the light if the 



Fig 2 — The irregulAi U’le repie&ents dlfCeient stapes in tieatniont During periotls 1 3 o 
7 9 pet cock C "nas closed Periods 2 4 6 8 show negathe respliaton niONcmcnts recorded 
while pet cock 4. was closed and pet cock C open Peiiol 6 indicates an approach to positi\e 
piessure and period ^ shoe's that positi\e pressuic has occurred The openitlon was ternilnated 
during- pel lod 11 


piessuie is positive) and the degiee of piessuie will he lecoided on the chart 
G Pet cock C IS closed and the level on pet cock A is opened to the fiist 
numeial on the dial As this oeciiis an will pass into the pleural cavitv, the 
rate and amount being showni on the gauge II The late is uici eased In moving 
the level on pet cock A to numtials 2, 3 oi 4 At inteivals pet cock A is 
closed and C is opened m oidei to deteimine the appioach to positive thoiacic 
pressuie WHien the tiacei E passes to the light of the dotted line on the chait, 
the indication is that positive piessuie has occuiied At this point tieatment 
should be discontinued bv closing the lelease level K pet cocks A and G and 
vvithdiavviiig the piicumotlioi ax needle F The total aiaownt oi an that has 
entered the chest is deteimined bv subtiacting the niimbei indicated bv the hand 
on gauge H from the figuie noted at the beginning of the operation This is 



DETERMIKATION OF TJBEA IX IiPIXE 

\mtteii on the chart, v,nth the date, patient’s name and that of the operator 
About once e^en' thiee weeks foi antiseptic pui poses, 2 ce of alcohol should 
be diopped into the air filter ¥ 

The chief featuies of the instrument are the exclusion of mauometeis glass 
3 ars, and stoppers and the use of a dcmce for iccording variations in the 
degice of thoracic pressure These simplifv operation and reduce the source 
of error 

The mstniment is manufactuTed bi the George P Pjlling and *>011 Companv, Phila 
delphia, Pa 


A SIMPLE CLINICAL PROCEDURE FOR THE DETERMINATION OF 
UREA IN LTHNE BY MEANS OF HYDROLYSIS^ 


By S L Leiboff A B il A \xd Berxafd S Kahx, A B M D 
Nevt York City N Y 


I N 1929 Me’ descvibed a method foi the deteiniination of uiea in blood by 
digesting the protein-fiee blood filtrate under pressuie m a closed tuber 
We hare non extended the use of this method to the quantitative determina- 
tion of urea m urine The details of the procedure are here described 

Pi maple — The ammonia is remosed from the urine with permutit ac- 
cording to the pioceduie of Folm and Bell- The ammonia-free urine is di- 
gested undei piessure m an acid medium for ten minutes The resulting 
ammonium salt is nesslenzed direetlv in the digestion tube and compared m 
the coloiimeter to a known standard 

Pioccrfuie — Tluee cc of urme aie placed m a 200 ce Erlenmyei flask 
to which aie added 5 to -i grams of permutit and 27 c c of water The mix- 
ture IS shaken foi fire minutes and filteied through filter paper Five c c of 
the filtrate aie diluted with uater to 100 c c in a volumetiic flask Five c c 
of this diluted filtiate (1 200 dilution) are placed in a urea pressure tube to 
Minch IS added 1 c c of approximatelv nonnal H^SO^ The stopper is rinsed 
Mith 1 ec of Mater and tightened m the neck of the tube The tube is then 
placed m an oil bath winch is heated at 145°-150° C for ten minutes The 
tube IS ienio\ed fiom the oil hath and cooled It mav be cooled immediateh 
under nnnnng tap Matei Mithoiit anv daiigci of breaking the tube About 
lo cc of «atei aie then added folloMed h\ 3 c c of modified Nessler solu- 
tion'’ Matci IS added to the 25 c c maik and the contents mcII mixed It 
IS then compaied m the colorimeter against a standard containing a known 
ainonnl of ammonia 

The standard is the same as used for the deteimination of urea in blood 
It contains 0 3 mm of nitiogin in 5 e c of solution It is prepared bv placing 

From till rioclii mini U-ibonton of I birnn Ho^pltnl 
R.'rtlv.tl for ptiWIntlon M->' 11 1031 

ITU Uibf= nti.l n <.0 cHl oil bath mav no obCainM from llmor an-I Vnunl Nrw 
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5 c c of the standaid ammonium sulphate m a 100 cc volumetiic flask con- 
taining about tivo-thiids its "volume of ivatei To this are added 12 c c of 
Nessler solution and natei to the 100 ce mark 

The standaid is placed in the coloiinieter at 20 mm If the coloi of the 
unknown is much deepei than that of the standard due to a gieatei concen- 
tidtion of ammonia, a poition of the unknoun solution is tiansfeiied to a 
naiion tall graduated evhndei and diluted v\ith dilute (1 10) Nesslei solu- 
tion until the coloi of the unknoiin appiovimatelj^ matches that oi the 
standard 

Calculation of Besults 

X Dilution = Mg nitiogen in 100 cc of mine 

Jai 

R == Reading of unknown 

Dilution = Dilution of Nesslei ized solution 

This method of ludiolj&is of uiea also bicaks donn othei substances 
than uiea and theiefoie gnes slight! j Ingli lesults We theiefoie do not ad- 
vocate the use of this method foi deteimination of uiea in mine nhen abso- 
lute values aie desiied, such as, foi example, nhen studying the nitiogen 
paitition Ilonevei, uhen a nitiogen paitition is to be made, in spite of 
the somewhat highei values, we piefei this method to tlie methods using 
uiease hydrolv^sis and we find it satisfactoiv foi cluneal pm poses 

The piessiue tubes, aftei use, aie washed with dilute mtiic acid and 
thoroughly rinsed viith watei Omission to do this, will leave some Nesslei 
leagent in the tube which will pioduce cloudy solutions The tubes after 
being thoioughlv' washed aie placed in a rack with then mouths dowm ni 
such a manuei that the stoppcis aie held looselj’- halfwaj in the aiibes thus 
allowing the watei to diain 

Nessler solution should nevei be added to a waiin solution and pieCeiably 
^s to be added rapidly When these piecautions aie observ'ed a clear solution 
w ill always be obtained 
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AN lilPROVED mCRO KJBLDAHL ilETHOD* 


BT J W CaVETT, PH D , JIlN'XEAPOLlS, illNX 


O ^YING to the necessity for a Kjeldahl method that could be used to ana- 
lyze small quantities of nitiogen which weie present m relatnelv large 
volumes of liquid and still maintain an accuracy similar to that of the macro 
K 3 eldahl, the following method was devised This method is capable of 



dcteimimng 0 5 mg to 14 mg of intiogen witli an accuraci of 0 006 mg or 
lees Bumping and sucking hack ln\c been eliminated due to modifications of 
file apparatus Also tlic tliaiice for a leak during distillation has been greath 
reduced and the nhole apparatii-, inai bo casih cleaned as it is all glass The 
distillation period has been shortened to ten minutes and the titration is 
earned out in a manner nlnili increases its accuraci 


•From Xhf' Unbomtt n of rh> -iolocJcnl CJuml-tn Ln!vrr«i \ of otn 
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JIETHOD 

The sample to be anah zed is placed m a 300 c c Kjcldahl flask and 4 e c 
of eoncentrated sulphuiic aeid and a fen drops of 5 pei cent coppei sulphate 
solution added (A half grain of sodium sulphate oi a fen diops of H„Oo 
inci eases the speed of digestion ) The digestion is caiiicd out in a hood 
Aftei digestion is complete and the flask hits cooled, 40 c c of distilled n atei 
is added Foui glass beads and about 10 paiticlcs of 20 mesh aiiie aie added 
to present bumping The miNtuie is then undeilaid nith 12 c c of 1 to 1 
caibonate-fiee sodium hjdioNide The flask is connected bi a nen so// lub- 
bei stoppei to the special Kjcldahl bulb nhich is suspended fiom a iiiig-stand 
bj a burette clamp The special Ivjeldahl bidb including a small condeiisei is 
shoivn in Fig 1 A lYj cm glass tube constiicted at the iippei end and 25 
cm long IS attached to the lonei pait of the condeiisei bv a piece of lubbei 
tubing This glass tube extends into a 22 v 3 cm test tube nhich contains 
10 c c of standard acid and a drop of mctlnl red solution The test tube is 
held by a clamp so that the delncri tube extends to the bottom at fiist but 
after the distillation is in piogiess it is kept about 1-2 cm below the stuface 
The standard acid used is N/10 or N/oO depending on the amount of nitrogen 
in the sample being analyzed Aftei all coimections aie complete, the flask is 
rotated thus, mixing the solution with the NaOII TnenU-fiie c c of natei 
is then distilled or ei 

The titiatiou is alnars earned out nith X/50 caibonate fiee sodium In- 
di oxide With the smaller quantities ot nitrogen, 0 5 to 2 8 mg , nhen N/50 
standard acid is used the titiatiou is made nith a 10 c c buiette calibrated to 
0 05 ee, othennse an oidniai’j aceuiatch calibrated 50 c c burette is used 
The acid in the test tube is stiiied duiing the titiation bj bubbling an nhich 
has passed through neak acid and alkali thiough it Br this method of stil- 
ling the solution during the titration, one can easih deteimine an end-point 
to within 0 02 c c of N/50 NaOH when using the 10 c e buiette Less time is 
required than if the solution is stirred nith a stirring rod or shaking and the 
end-point is easier to read 


SUMAIARX' 

The Kjeldahl bulb is fused on to the condensei giving an apparatus 
which IS compact, easy to clean and eliminating possibilitr of leaks in connec- 
tions The use of smaller quantities of leagents and the presence of glass 
beads and 20 mesh zinc eliminates bumping The sucking back is aroided bj 
use of a large delneij tube and nith modeiate eaie a deteiniination is nerei 
lost The method has the adrantage that a number of determinations can be 
run at once haring an aceuiaer similar to the macro Kjeldahl on a sample 
almost as small as is oidmaiilj used for the micro Kjeldahl 

Note The special Kjeldahl appiTatas nnj be obtained from Arthur H Thomas Co , 
Philadelphia 



A NEW AND SDIPLIFEED TECHNIC OP SURGICAL PHOTOGRAPHY* 


By L P PiEPCE Ph D , Carmel Calif 


F or a considerable period pbotograpbv of operative surgery has been a 
topic of interest Frequent articles appear setting forth lanous items of 
technic and equipment The irritei pleads no interest beyond that of the 
photographic amateur u ho is interested m anv discussion tending to raise the 
Ie\el of teaching scientific subjects 

Obseii ation of two reels of sm gical movies brought a curious thought to 
mind Mith the result that the leels were run again with a stop watch The 
two reels of fifteen minute length cheeked within forty seconds of each other 
in that the field of opeiations was masked for a total of six minutes bv the 
hands of either the surgeon or his assistant, a total loss of 40 per cent in the 
picture When we recall that good moving picture equipment complete for 
such Mork cannot be had for less than approximatelv three to six hundred 
dollars with an actual outlay of about eight to twelve dollars for film used to 
make a picture of six to ten minutes’ duration, the cost item mounts rapidlv 
enough that a 40 per cent loss is appreciable 

It IS the understanding of the wntei that actual surgical technic is lerv 
definitely taught to the medical student and later to the giaduate There is 
of course justification for moving picture lecords of a great master doing each 
classical operation Prom a teaching standpoint, there is even justification 
foi multiplication of these pictuies to show the laiious modifications of these 
technical items But for the daily photogiaphic need of the surgeon, it would 
appear that his real need is to hare a permanent photographic record of the 
unusual or anomalous details uhieh come to light at the operating table If 
these details can be readilv recorded without the aid of a professional pho- 
tographer and pieferably bv a nurse in a simple manner with a minimum of 
special equipment and at a nominal cost it would seem that a desirable end 
had been reached 

For this M ork film packs or plates must generallv be avoided m fas or of 
roll film The lens must be capable of working at large aperture to shorten 
cxposutc The focal length must be short to obtain mavimum focal depth 
and as Old evtremeh critical focusing The shutter should be of the ins tspe 
rathci than focal plane in outer to use the camera for making records of 
gross specimens with cxtreiiieh small aperture and long automatic exposure 
and thus obtain fine detail at different levels Film stock should be obtain- 
able at low cost from am good camera supph store and the cameia should 
be siiiiph and reliabh made and capable of being loaded as often as need be 
In a person ha\ing but a slight knowledge of a camera Finalh, the finished 
iiegatne should be capable of enlargement without loss of detail to fire bv 

•From tho Onco D*-* ro \*lk Mflibollc Clinic 
nf‘C«l\»t! for publication M1^ IS 
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seven inches foi lecoid and to lantern slide si/c foi pi ejection If in addition 
to this, the camel a can he used foi amusement, all the bettei foi the indi- 
iidiial ivho gets pleasuie fiom the pictoiial hobh> 

Until a feu months ago, theie has been but one tanicia in the inaiket 
uhieli eien began to meet these i eqini ements Because houeiei, of its usual 
focal plane shuttei equipment, it is not dcsnable foi slow evposuies at small 
apeituie of gross specimens Puithei, the cost has been eonsideiable, the 
film is not leadih obtainable all oiei the coiintn and loading the caineia is, 
to put it mildly, foimidable 



Fig 1 — Camera and pj-ramid iconometer as suppoited on lamp standaid 


The optical fiim of Carl Zeiss, Inc, has but lecentlj pioduced a eameia 
which lealh meets these needs in cacij ivaj and at siieh a cost that total 
equipment foi taking a lapid succession of stills of this kind mai be assem- 
bled foi Aveli undei a bundled dollais uhieh ivill “covei” an aieiage opeia- 
tion uith a film cost of fiftj-fiie cents and a slide eost of aioiind foui dollars 
if Avanted 

Aecuiate location of the field of Aiew is a pioblem, in that it is iindesii- 
able to have the cameia opeiatoi leaning oaci the patient to look squarely 
doAvn Mirrois would add to compleviti and confusion The problem is met 
satisfactorilj’’ by a leadaptation of the leonometei commonly used photo- 
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grapluealh on the continent A felt padded metal collai nith a constriction 
fitting IS clamped on the shuttci band of the “Kolibn” cameia Prom this 
four unes extend doMmiaid at angles to loin a rectangular wire frame seven 
and one-lialf bi ten inches nhich is con\enientlv located at a distance of 
thirteen inches fiom the lens The lens being the tessai f 3 5 and fitted mth 
the 1 X 24 pioxai auxiliarv and the shuttei at maximum extension the plane 
of focus is at tweiitv inches The fiame must theiefoie appioach to a distance 
of seien inches fiom the dcsned object in the wound An ordinary six inch 
hemostat held %erticallv b\ the operator makes estimation of the last inch a 
simple mattei and the frame is at no time in danger of touching anything 
The frame is preferabh niped nith alcohol before use The entire outfit is 
suspended by means of a lubbei coieied four finger condenser clamp point- 
ing down from the honzontal ann of almost anv concenient therapeutic lamp 
standard leadih found m the hospital The actual lamp is of course dis- 



Fle - — Supravaginal amputation of fibroid uterus Tumor delivered and clamps applied to 

broal ligaments 

mounted The eiitiie set-up is shown in Fig 1 Thus at the call of the sur- 
geon who steps to one side b\ six to twehe inches, the stand is wheeled into 
place, the cameia lowered to the pioper distance maneutered to centei, the 
shuttei tupped b\ means of a long table lelcase and the entire outfit pulled 
deal The time foi all this is not m excess of a second and a half 

If the surgeon uses a hit of stenie caseline and fiee powdering of the 
hands with sterile zinc stem ate cisibilitc of the hands is much enhanced 
In Clew of the niniic tolois eiiconntered which are not registered on 
oidinaic oithoehroniatic film panchromatic emulsion is called for and mac 
be rendilc obtaiind at am plioto supple counter through G Gennert Inc* 
of New York the agents of the Imperial Drc Plate Works of England At 
pic-eiit no finn in this conntre is mikinir film of this kind in the ordinarc roll 
stodc I s( of this emulsion gicis excelknt color separation without the use 
of filters The speed of tin ininlsum i*- ‘ par ' Processing is simple if cve 
emphasize to our finisht r that the film lunsi he handled cither m entire dark- 
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ness or nuclei the Wiatten safelight In oni noik v,c found that the fine 
giain hoi ax deielopei foi inula of Eastman ga\e the best results fai and 
■\ve used it in tla^ stiength foi ten minutes at 65° P A letail cost of fift>-fivc 
cents pel loll of sixteen exposuies is not excessive 

Exposiiies foi this vork must be measined Mitli gieat caic The ex- 
posure nietei of Di E Meiei is len good and gnes satisfaeton lesults We 
found hovel ei that ve veie able to expose piefeientialh to emphasize a gnen 
part of the vound bi the use ot the electnc photonietei of Bell and Ilovell 
The iiisti unieiit is simple and most exact I se of sncli a deiiec makes the 
difference betveen exact measuiement of actinic light and pure gucsswoik 



Fig 3 — Stump In abdominal •pound after remoia] ot uteru? containing fibroid 

In oul ivoik given heievith in plates 2 and 3 exposuies of Vio second at 
f 3 5 vere used vith the legiilai nonshadov lamp found aboie the table Slight 
xaiiations veie made for piefeiential emphasis Repeated tnals were made 
vith diffeient operatois and in eteii case the coiiceiu of the surgeon gate 
uay to pleased amazement and perfect coopeiation at the end of the thud 
pictiiie The entiie tune lecpnred foi tom teen picfuies dining an h 3 sterectom 3 
■i\ as set eiiteen seconds vliieh in no uat can be said to mteifeie vitli the couise 
of the operation 

In conclusion, ive uisli to lepeat that oui cntiie object has been to piesent 
a photographic technic foi suigem uliicli is simple exact, coiuprehensu e and 
finally most economical 

Drs H C Oatmaii, M At Dorn, and B J Pickard arc tinnked for tlie kindl} aid 
and cooperation ukieli made tins work possible 



A NEW PETRI DISH HOLDER FOR COUNTING AND 
FISHING COLONIES" 


By Nicholas Kopeloff, Ph D , aicd Nathax Blackhak, B S , 
New York, N Y 


T radition dictates the counting and fishing of bacterial colonies as ear- 
ned out in various research, diagnostic, dairv, and public health labora- 
tories Little progress has been made in counting bacteria beyond the in- 
troduction of the glass counting plates devised by Jeffer, WoHhuegel and 
others The accepted procedure is to superimpose the etched glass counting 
plate on the bottom half of the Petri dish Then, mth the aid of a hand 
magnifier, the colonies are counted against a dark background such as a black 
table top for example, or the Petri dish is held at eve level against a source 
of light, davlight or artificial When the Petri dish is held at eve level the 
colonies in the depths of the medium are more visible and the counting process 
becomes nioie accurate Howeier, the hands tiie rather easilv in this awk- 
naid position and one cannot employ a mechanical counter because both 
hands are alreadv occupied While theie is an expensne apparatus on the 
maiket that permits free use of the hands its magnifying lens fails to bring 
out small colonies with sufficient claritv 

Similarly, in fishing colonies the attempt is usuallv made to work under 
aseptic conditions which frequeutlv necessitates artificial illumination from 
aboie In any eient it is difficult to see clearli into the depths of the medium 
and often there is great hardship in fishing from the edges of given colonies 
as IS neeessaiv in microbial dissociation studies 

A simple Petii dish holder dcmsed b^ one of ns (Blackman) is herewith 
desciibed It mav be attached to the upright stem of an ordinarv iron sup- 
port The holder is a metal frame which holds the Petri dish m place at ans 
height and at am angle, thus pennitting free use of the hands Plate 1 is a 
photograph of the front new and Plate 2 is a rear view 

The specifications of the Petn dish holder are as follows A square piece 
of gahanizcd iron sheeting 5 inches wide and Via of an inch thick has an edge 
folded at right angles to the depth of "^'4 of an inch It is painted black A 
round hole exacth the size of a Petn dish is cut in the metal sheet A Jeffer’s 
glass counting plate is then fastened on the inside of the frame Four inch 
stm springs (J) at the nm of the hole hold the Petn dish m place The edues 
of the stm springs aie bent up to hold the bottom half of the Petn dish m 
place Two tension springs (15) of an inch on a inch post clamp the 
Petn d ish m place The metal frame is rnmed up and down on the upnght 

•Worn the D ptHnunl of Btctcriolo;^ F-tchHtrlc In-tltuO •,«,! Ho^plttil lorl 
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stem of an non support bj means of a slide loint (C) A tight fitting sun el 
joint (-D) allots the fiame to be tipped to an', dcsiicd angle 

The constiiictioii of this Pctii dish holdei is simple and the cost of mate- 
iials almost negligible' Tlie Petii dishes aie fiimh fixed 

The adimiitages of this Petii dish holdei niai be thus biieflj siiinmaii/ed 
1 The hands aie lett free for use in handling a nieehanical countei, 
fishing, etc 



Fie 1 Fie ,1 


2 Petri dishes aie clamped in such a nai that eithei daj light oi arti- 
ficial illumination is allowed to penetiate the depths of the medium 

3 Countuig 01 fishing can be done at am desii ed angle oi ei e level 
When fishing the frame is tilted at an angle of 45° and a niicioscope lamp 
ivith blue glass filtei is used 

4 Theie is no mo\ement of the Petii dish to make foi inaeciuacy 

In Older to facilitate diiect examination of the colonies with a magnifier 
one of us (Blackman) has deiisecl an adjustable holdei foi the magnifjnng 

•Thanks are due Mr E L Phelan for his skillful evecutlon of the design 
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lens Tins also is attaelied to tlie upright of an non support Plate 3 is a 
front Meiv photogiaph 

The magnifying lens is held in a In ass holdei consisting of the follow- 
ing paits The binding screiv (A) peimits the holdei to be fixed at anv lei el 
A stud (B) has a tension sciew which holds another stud (C) in place at right 
angles to it Stud C is nioied back and forth on thread of screw (D) which 



Fis 3 


facilitates fine ad 3 ustnient A friction joint within stud C supports the lens 
holder (E) which has a knuckle joint {F) permitting it to mo\e m a semicircle 

SElIMARY 

An adjustable Petri dish holder and magnifying lens holder are descnbed 
which aie of economical construction They Icaye the hands free for the use 
of a nieehanieal couiitei or foi fishing colonies Daylight or artificial light 
maj be employed 



A SIMPLE PKESIBIPTIVE TEST FOE AGGLUTINATION WITH 
OEGANISMS OF THE ABOETUS-SIELITENSIS GEOUP^t 


B\ Euth Gilbert, MD A^D I^Liriox B Golem vn, B S , Albanl, N Y 


T he eonstanth ineieasing leeogiiition and, pobsibl^, incidence of nndiilanl 
fcMi necessitate a caieful c\aluation of the aggliitiiiatiou leaction upon 
which the diagnosis is at piesent so dependent The specificity of this test mth 
oiganisms of the abortus-melitensis gionp is obMOiisly dot ei mined by lesults 
obtained m the examination of seia Horn (1) eases of nndulant feier, (2) cases 
of othei disease, paitienlaily those accompanied by a febrile leaction, and (3) 
noi-mal indiynduals Tlie incidence of such reactions has alieadj been leported 
by many obseiweis,^’’’ but only a fey\ haye had the oppoitnnity to examine 
laige numbeis of specimens The iiotential yahic of testing yyith B abortus all 
sera submitted foi the complement -fixation test foi syphilis piompted the de- 
velopment of a piactical and economical technic foi this puigiose The macro- 
scopic slide method of HuddlesoiP® yyas fiist eonsidcied, but yyhile this gnes 
results yeiy quicldy, the testing of fiy'C dilutions of each seium rcquiies the 
same numbei of pipettes and almost as much time as the loutiiic macroscopic- 
tube method The folloyying pioecduie has, in oui expeiience, ])ioyed most 
economical of both time and glassyyaie 


Teclinxc of the Presumpine Test — At tlie time sera for the complement fixation or other 
tests are measured, 0 01 c c is pipetted into a properh labeled 11 In 75 mm tube These 
tubes are arranged in serial order in racks and eniptl tubes placed behind them IVith 
a 10 c c pipette graduated in tenths, 0 0 c c of a suspension of B abortus (killed bx heating 
at from 60 to 65° 0 and presen ed bj addition of 0 1 per cent formalin) of one half the 
density of barium sulphate standard^'’ No 3 are ineasuied into both the emptx tubes and 
those containing serum, thus proiiding a scrum dilution of 1 60 in the latter The racks 
are shaken vigorously to mix the serum and suspension of organisms It ixas found bi 
calculation that a Id gauge needle, from iiliich the tip has been removed bj filing, when 
attached to the barrel of a 1 l c siringe fitted with a rubber bulb, deliicrs approxiunteh 
0 019 c c per drop Therefore, by the additoii in this wav of tvv o drops of the 1 60 serum 
dilution from the tube in the front row to 0 6 c c of suspension in the tube behind it, a 
dilution of approximatelv 1 900 is obtained Thus, a low dilution is pronded for weaklj 
reacting sera, as well as a dilution sufficientli high to be above the range of prezone reac 
tions After the two drops are delivered, the excess of the 1 00 dilution is replaced in the 
tube from which it was taken t Before the next specimen is diluted, the syringe and needle 
are nnsed first with tap water and then with 0 85 per cent salt solution, both of which are 
contained in large jars so tint onlj a neghgible amount of seiuni is carried from one 
series of dilutions to the next After being shaken, the tests are placed in a 55° C in 


Alban5^''°”’ Diilsion o£ Laboratories and Research New Xoik State Department of Healtli 
Recelied for publication Maj 1 1331 

Ogists'^ DelJo/^^Sch^ Jinf n®'^l?30**“' American Societj of Clinical Pathol- 

tpsted^^h? PJO'^edure was first adopted dilutions of 1 20 and 1 320 were 

nWo made because reactions In dilutions lower than 1 SO are of ouestion- 

thl 1 3^0 dilution" instance to ext?nd"throuBh 
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Lubator for four hours, and left in the refrigerator overnight before being read When 
ever a reaction is observed in either the 1 60 or 1 900 dilution or both, the serum is re 
tested in dilutions ranging from 1 10 through 1 5000 

This Simple procedure made it possible to examine 81,848 sera leeeived 
for the complement-fixation test foi st-phihs Thiee hundied and sixtv-mnc 
or 0 4 per cent of these, uhen letested with the usual amounts of seium, were 
found to react in a 1 80 or lugher dilution T\Tiile most of the histones refer 
to the simptomatologv of stphilis, presumabh onh a small proportion of such 
specimens are fiom cases of febrile disease and manv of the reactions are no 
doubt due to pieiious infections with organisms of the abortus-mebtensis group 
In 44 instances or 0 05 pei cent of those in which specimens were tested a diag- 
nosis of undulant fe\ei nas indicated These findings are in sharp contrast 
to the results of the examination of 1,186 seia submitted foi the agglutination 
test with B ti-phosus Of this number, 70 or 5 9 pel cent ga\e leactions in a 
1 80 01 higher cblution and 57 oi 4 8 per cent were fiom patients found to have 
svmptoms of undulant fe\ci Fiirthennoie, in the examination of 1,255 speci- 
mens accompanied bv a request for the test with B abortus, 145 or 11 5 per 
cent gave leactions and 102 or 8 1 per cent were from probable cases of undulant 
feier A summan of the leactions obtained with B abortus m a 1 80 or higher 
dilution, correlating the degree of agglutination and the cbnical manifestations, 
IS gnen in Tables I, II, and III 


Table I 


Clissificitios, According to Clinical Manifestations, or 369 Sepa Which Acglctinated 
B Abortls in i’l SO OR Highep Dilution-, Among 81,8-18 specimens Submitted 
for the Complement Fiwtion Test fop Stphius 



TOT\L 


DEFINITE PE-VmON IN 

DiLcnoNs or 


1 10,000 1 

1 5000 

1 2500 j 

1 1200 

1 640 

1 320 

1 160 

1 SO 

fcera givmg reactions 

369 

1 

3 

5 I 

11 

32 

49 

76 

192 

Undulant fever defimtelv 

14 

1 

1 

1 j 

2 

o 

4 

O 

1 

diagnosed 










Svmptoms of undulant 

30 



1 

3 

6 

4 

6 

10 

fever, definite dng j 










nosis not made 










Xo bistorv of undulant 

69 



1 1 

1 

5 

12 

15 

35 

fever reported bv pliv 










sician 










Xo information or insuf 

250 


o 

2 

1 a 

19 

29 

53 

140 

fieicnt for drawing 





1 

I 




conclusions 


t 

1 


1 


1 


1 



The inficquencv of aHclutimtion reactions mth B abortus in 1 SO or 
highei dilutions of sera from indniduals mth no histon of undulant fever 
confiims pievious leports on the diagnostic significance of this test The rela- 
ti\eh large numbei of instances in which i diagnosis of undulant fever has 
been made as a icsnlt of testing for aaglutination with B abortus sera sub- 
mitted to be examined for evidence of tvphoid fever or svphilis le 101 in- 
stances in wliicli tlie possihihtv of undulant fever had not bc-cn coasidcrcd bv 
the attending phvsician befoie the list was m idt not onh pisfifics the proce- 
dure hut indicates that the svndiome of infection with organisms of the abortus- 
nuhtcnsis gioup is still freciuenth iinic-cngniped 
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Table II 

Cl \ssiri CATION, Accordinc to Climcvl AI\MFEST\'noNS, or 70 Sfk\ YVnicn Aoglutin \T tD 
B Abortus is \ 1 80 or HionER Dilution, Amosg 1,180 Spfcimfns bUBMiTTEP 
FOR THE Agllutin moN Test YVith B Tyi Hosts 


TOTAL 

Sera giving reactions 70 

Undulant feier definiteh 44 
diagnosed 

Simptonis of undulant 13 
feier, definite dng 
nosis not made 

No liistorj of undulant 1 
fever reported bj pin 
sician 

No information oi msuf 12 
ficient for droving 
conclusions 



Table III 

Cl\SSIF1CATTOS, ACCORPING to CuIMCAL MvNIFESTtTIONS, 01 14”) StK \ HlCIl AGQLUTIN 'iTED 
B Abortus in \ 1 80 or Hioiifr Diiition, Among 1,211 Npicimens 
Submitted tor This Tfst 


I I PIFINITE RB.\CnoN IN PIIUTIONS OP 

n 1 10 000 1 1 1000 1 1 21001 1 100 II 010 1 1 32011 100 1 1 SO 


21 

17 
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PNEUMOCOCCI, Eapid Method of Typing, Brown, M H Am T Puh Health 21 GGO, 

1931 

1 A representative sample of sputum should be obtained, if necessarv, waiting until 

the patient expectorates instenal direeth from the bronchial tract instead of saliva or 

phanngeal secretions A surprisiiigh sm .11 amount of actual sputum is necessan The 

sample should be obtained iii a clean sterile eontainor, free irom an\ prescriative 

2 Wash the sputum at least three times bv swirling the mass of sputum around in 

sterile saline contained in three separate Petri dislics This tends to remoic evtrancoub 
microorganisms Following tins, the sputum is thoroughh emulsified in s ihne, and in order 
to facilitate tins, a 5 ec siTinge and a needle of large caliber arc vcr\ useful At le ist 1 
cc of emulsified sputum is then injected intrapontoimalh into a mouse, using a needle of 
small caliber As a matter of routine, two mice are injected 

3 In three hours a peritoneal puncture is performed, using a capillari pipette made h} 

drawing out a piece of small glass tubing m a flame The finer the pipette, the more satis 
factory it IS for this purpose Gi asp the mouse bv the loose shin of the neck between the 
thumb and index finger, with the bach of the mouse across the palmar surface of the hand, 
and made secure bj looping the tail between the ring ind little fingers The abdomen of the 
mouse being thus well exposed, the capillarv pipette is passed into the peritoneal cants and 

bv capillary traction fluid will bo seen extending into the pipette The pipette is then re 

moved and the mouse is kept for further obscrsation 

4 The surface of a well cleaned glass slide is divided into four sections, using a glass 

pencil On each of these four sections is placed a small drop ot the peritoneal exudate from 
the pipette With the first of the four drops of peritoneal exudate is mixed a drop of saline 
which IS then spread thmlv and allowed to dr\ To the second drop of the exudate, a drop 
of Type I agglutinating serum diluted 1 in 10 is added and the mixture is spread thinh 
and allowed to dr\ Similarly, the third drop of exudate is mixed with a drop of Tvpe II 

agglutinating serum, diluted 1 in 10, and is spread thiuli and allowed to drx, and to the 

last drop of exudato a drop of Tj pe III agglutinating scrum diluted 1 in 5, is added and the 
mixture is spread thinb and allowed to dry Tl.e films are tlion fixed b} passing the slide 
two or three tunes over a moderate flame (For eonvcnience one usually labels each of the 
above four sections as Sal , I, II, HI witli red pencil ) 

5 The slide is then stained for one mmutc with hasu fuchsiu stain The stain, which 
should be fresh, is made bv adding 10 c c of a saturated alcoholic solution of basic fuchsin 
to 90 cc of distilled water, and filtered throngl, paper (The saturated aleoholie solution is 
made by adding 10 gm of basic fuehsin to 100 cc of absolute alcohol ) Other stains such 
as methyl violet maj be used, but basic fuclisiii l,as been found to be the most satisfactorv 
Wash off the stain gentlv with water, blot dr> and examine under an oil immersion lens 
The saline suspension is examined first and selves as a control The character of the micro 
organisms IS then determined Frequently a pure culture of a lance shaped diploeoccus is 
found The other sections are examined ,n sequence, and definite clumping of lance shaped 

S uTnC o'" r “c I’® clumps eon 

In organisms or a few large clumps covering several microscopic fields 

In examining for clumps one should not be misled bv microorganisms, such as gra, Negative 
COCCI, which tend to occur in clumps, or the grape hke clumps of staphylococci These niav 
be distinguished by being round or coceoid in shape lu contrast to the lance shaped diploeoccus 
of pneumonia The so called capsule mav be quite marked, especmlh m aLial exudates 
sueli as Obtained from the peritoneum of the mouse Tvpe III pneumoeoeei usually show very 
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marked capsules, often so iiimli »o that the organisms tUemsehes are seen with difiienltv 
and the clumps are not usually packed so tightU together as are Tape I or Tvpe II organ 
isms Further, in a clnmp ot Tape III pneumotocci one raaa see a vorv fine thread like 
matn\ extending from organisms to organism 

Usually the sputum is well digested m the peritoneal caiiti of the mouse within three 
hours, espeeialh in Ti-pe III cases hut oeeasionall one maa be required to repeat the 
peritoneal puncture after a lapse of four or c\en si\ hours in order to obtain a satisfactory 
result In our experience a sputum m which a satisfactory typing was not obtained after 
SIX hours was either free of a fixed type ot pneumococcus or contained some other organisms 
such as a streptococcus 

6 The mouse almost inyanablx sun ires the peritoneal puncture, but, if the organism 
is yirulent, the mouse dies in from eighteen to twenty four hours The pentoneum is then 
opened under aseptic precautions and the contents are washed out with 3 to 4 c c of saline 
The washings are centrifuged, first at yery low speed in order to throw down an\ blood cells 
The supernatant fluid is drawn off anl centrifuged at high speed to throw down the micro 
organisms 

A “ring test” or precipitin test is pei formed by floating about 0 1 cc of the super 
natant oyer an equal quantitx of agglutinating serum, diluted 1 in 10 At the point of 
contact of serum and fluid a fluffy nhite ring appears almost immediately in the tube con 
taming the serum of the corresponding tape The standard macroscopic agglutination test 
max be made with the centrifuged sediment The latter two tests serye as a check on the 
rapid method, but in our experience the "nng test ’ is more readily and aceuratela inter 
preted A broth culture mav be made from the heart s blood of the mouse for purposes of 
further examination, and usually a pure culture of the pneumococcus is obtained from this 
source 

In a yery early case of pneumonia, the first strain isolated may not be one of tbe 
fixed tapes so that it is often adyisable to obtain another sample of sputum and repeat the 
search In this way a Type I, II, or HI wind othervise would haye been missed mav be 
obtained 


TISSUE STAIN Modification of Mallory s Triple Stam, Knehesky, B Stain Tech 6 
97, 1911 

Tissues fixed in Bourn’s or Zenker’s fixing fluids hare giyen good results when 
used With this modihcation i luv h vs as follows 

I Staininff soJulwu’; 

Solution 1 

Acid fucli‘-m <d\e content 62 per cent) 
t\ ator 
Solution 2 

A Amlin blue 
Water 

B Orange G (die content S3 per cent I 
M atcr 

C Phasphoniohhdu i< id 1 per cent 

Solutions \ B md r should be kept in -CD irate hotth= because tbe mixture dct.riorates 

on standing When reach for i sc solution 2 is maiic np of cqn il p irts b and C 
II FroCidurc 

If sc, lions ar. in mi, roiis or less fl,„kncs hedrate bi pass.ng through the defend 
mg senes of ahnl.ols to 70 per cent ahohol and ti.ui dircsth info w.tcr for fiic mmut. s 
Irociid with the slip., is follows 

1 Transfer set lions to solution 1 for fr. n one to throe min' to 
mated 111 experience 

2 Wash },y dipping tin slide into watir until t' - ^urHu st ,m ,s rcmioed 

3 Trmshr to solu ,on 2 for from thna. ti lixo nnnjtis or limitr 


0 23 pm 
190 c c 

2 0 gm 
inn c c 

1 0 gm 

inn t f 
ino C I 


he time to be c-ti 



9i the JOURKAE op LAHOl’ATORl ANU (11^’KAE AIEWCINI 

4 AVnsli, b-v dii)ping tbe slide into wiitLi from 1 ’o 4 times oiilg 

d Tnnsfei tlic slide to 70 per cent ikoliol dipping liiiinedh oboiit ^ times 

6 I'niisfer to SO per tent and tliui to 0 > pti tent ikoliol dipping the slide into cocb 
5 to 8 times 

7 Deliydnte in sbsoliite olcobol lor scicinl niiiiiites 

5 Clear in \jlol and mount 

It Ins been found tint ti\o minutes i-^ tlit ^boitest tinit tint settioiis tin be iiniiicrstd 
in solution 2 for good results If i two niniuto iiniiicrsion is used, tliiuiinte stop 4 ind 
proceed dirccth ivitli step d If sections aie loft foi a longci time in solution 2, imiiiersion 
in ivater is necessary (stop 4) Since (lit iniliii bliit is roadih soluble in ii iter, tbe depth of 
tins stain can be eontiolled bi the aniount ot iMisliing 

OVA, Method of Examining Erme for Helminth Eggs, Barlow, C H Am T Hig 14 

212, 1031 

Tbe necessart appar itus is siiiipk and iiioxpensut It consists of str light sided tin 
cans, tighth soldered and furnished nitli closeh fitting colors, an agitating pliingtr, 
graduated cilindeis on base, for mtasiirnig, pipettes for di iiiing off niine or a suction pump 
for the same puipose, centrifuge, iiPli dO c c mil Id c c tubes, tube rick for si\ 10 ti 
tubes, tube rack for tiichc 1 j c c tubis, dning t ibinet or lack, slide triiis for c lining 
slides flat, grease pencil, glass slides 3b In 7d min in sire, and a motlnlene blue dropping 
bottle 

The urine is colleetcd in the tin cans, mIiuIi art bioiight to the laboratoii in gab mired 
iron boxes holding a doren sets ot tans Eaih set consists of i piir of t ins, one for a •stool 
sample and one for urine Cach pan is numbered ilikc for the convenience ot the indiMdiial 
conti ibuting the samples iiid also with a serial luiinbci in order to facilit itc recording V 
can holds 500 cc which is more thin the aierage single full urination 

A common aluminiaii pancake tuiner or skimmer, which cm be purch iscd at anj flic 
and ten cent store, is cut to fit looseh the inside of the can, and the handle is bent at right 
angles to the skimmei surface This makes an agitatoi which thoroiighh stirs the urine, 
but does not set up ccntiifugal cun cuts but distributes the eggs cicnh throughout the urine 

The urine is first iiiiasured and then poured back into the cans It is thoroiighh stirred 
with the agitatoi, held in the left hind, while it is being drawn off m a bulb pipette held in 
the right band Foi loutine woik it was found that two 50 e c tubes were needed in order to 
pick up eggs in light infestations iiid that a iiipottc bolding just 50 c c w is coiiienicnt 
To preient eggs fiom sticking to the sides, the pipettes must all be drawn so tli it there 
IS a gradual lessoning of the boic It is essential to wash the pipettes thoroiighh between 
each sanijiling bi drawing up and then expelling clean water at least tliieo times 

For known ben> or inedium infestations, tubes and pipettes of 15 c e eapaciti ire 
desiiable, as the amount of centiifugalc is decreased and the count is more casilx made 
Lach tube of agitated iiime is maikccl with the same legend as ippoais on the tin can from 
which it was taken 

The tubes are centrifug ifed it SOO i pm foi one minute and then retuincd to the tube 
racks With a cleaned pipette the supernatant urine is earcfnlh drawn off so as not to 
roll the centrifugate This in ij be done speedih and safelx bx using an ordmarx suction 
pump attached to the sink and caiixiiig a pipette on a rubber tube at a fixed distance from 
the bottom of the tubes as thex stand in the lack This obiiates too constant attendance 

upon the tubes, and, since tlie suction is stc idih iiiaiiitained, there is no d iiiger of roiling the 

centrifugate 

The remainuig urine is drawn off with a smalt hand pipette Just enough iiiino is loft 
in the end of the tube to spiead xxell on the slide A drop of iqueous solution of nictlixlcnc 
blue IS added to this 

Slides 38 X 75 mm in size are jiieparcd to receiie the blued centiifiig ite bx marking 

off on them, with a gicase pencil, a parallelogr nn largo enough to contain the centrifugate 



iBSTRAf Ts 


95 


spread e\enh and not too tllKl^l^ The <=lidc should bt r the same legend ns the collecting 
cm md the tube from which the centrifugate came 

The blued centrifugate in the tubes is stirred In drawing it up into a strupulousl' 
clean pipette and ejecting it, repeating the process a fen times C ire should bo taken not 
to get bubbles of air into the pipette All of the centrifugate is then transfcrrel to the 
greased enclosure on the slide, and the slide is set aside to dn In the Egi^pti in climate 
the dning is rapid and no special apparatis is needed In cl mates wbicb are moist one 
simple doing rack or o\en mar be used 


STAIN Bifferential Stain for Diagnosis of Neissenan Infection, Scudder, S A Stain 

Tech 6 00 lOgl 

Films arc made from exudate nhuli lias been skillfiilh selected The exudate is col 
Iccted br means of sterile cotton swabs, which arc rolled (not nibbel or dragged) over clean 
nen glass slides The films are air dried, fixed bv means of gentle'lieating and are stained 
in tlie following solutions (Heat fixation gave sbgbth better results than fixation bx means 
of alcohols ) 

1 Flush the slide with buffered crxstal violet solution three to five minutes 


Cnstal nolet 1 gm 

Distilled wafer 00 c c 

Buffer solution (P„ 6 6 to 7 0) 10 cc 

The phosphate buffer is prepared according to the method of Clark and Lubs 
2 Decant and flush with iodine solution so that the dve iodine prciipitate overflous 
Time one and one half to two minutes 

Rcsublimed iodine 2 gm 

Distilled water DO c c 

^71 XaOH 10 ec 


Solution of iodine iii phosphate buffer was unsatisfacton 

2 Decant and dccolorwe bv means of Merck’s pure technical acetone adding the acetone 
drop bv drop until the dnppings irc colorless Time ten seconds or le«s lir drv 

4 Coimterstain with the following differential methvl <rreen prronin mixture oni. and 
one half to two minutes Prepare counterstain a oav or two before using This counter 
stain can be cmploved in examination cf form ilired ti"-s >e also (see v.cu(j,ier and I isa, lO";!) 


Pvroiun vcllowish 

0 1 

gm 

Over cthvHtid methvl green 

1 27 

gm 

Distilled water (hot) 

09 

e e 


M ish fjuii klv with tap v\ itcr Xtr drv and ex inline bv means of oil immersion lens 
and artifienl dav light Oil of In rg iinot is preferable to xvlcnc for c’caring the slides 

Gram positive Imteria in purple bliik The mamritv ot gram neg itive bai tena arc 
fidcd pink, however a small influensal Inullus wlm 1, pas ireqmnth been eniountercd in 
iMidite stains de p inagonta The enp'i le ot Fncllandir’s bacillus -tains a transparent 
lavender 


The pohmiclcar mu h us is dark blue purple, the t topi i-m faint lavender Tin Ivmph > 
<vtc milieus IS homog. Iicmis virv ditp clear blue, tlu i vtr.pla-m f nnt m igcnta violet to 
magenta The plasma <cU niuleus is dark n vv hU e with . irt vvlucl arr ingemcnt the <vto 
plasm homogemous d.ep imgcnti to piiri le ma„enta The eo inr,pl,,l, nutkus is hJt tint 
of the polvmieloar and grimilcs in fairlv distnut r.ddih and o,i,smmIlv purplis', The 
oiulothelnl nucleus is pule bin. t’e .vt pi ,sni pinl isj, i ,m n.jor r r. d IPood cell ,s p^t, 
magenta to hroiw. Rron/ing oi tb. nil bb.o.l „il ,iu< to improgn itioi, of dilute lodim 
The nucleus of the sipn„„,„s .mt'ilnl ,,11 ,s , ,r, 1, t'e .vtophs,,, kinder Furph h tint 
mg of th, .pithilmm is due to retention ,.f dilut. rn i ,) v,okt dve Tlu niuhus of tl 
rohmmar ipitlalul lell of tlu iir.n irv tru* ,s „,„r, 1,, e ^ ^ cpithcbim ,rd 
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the c\topWsm stuns more rteeph mit^cnfx Hctention o? puie mctlol green gucs the blue 
tinting nnd retention of dilute pironin gnes the imgenti tinting The phiigoeitic endothelioid 
lell IS more reddish nnd inoie tineh grunilnr tinn otlici iclls and nni be found pichcd iiith 
gonococci in the free e\udate from enses of goiiorrhon 

PREGNANCY, Semm Diagnosis of, Bebchuk, S L Vrnch Gn/ Ltningrnd 3 ISO, lOG 
The uithoT uses the Mirtx tost 

To 1 c c of blood serum (hemolitie seriiin might be used ns well) he adds 1 e c of the 
reagent (2S 1 lUlO') and leaies the tubes lor half an hour nt room temperature Dining this 
time the serum of the pregn int ivomon becomes tuilnd One might add after half an lioiir 
too or thiee drops of bromophcnol as an luduator the seium of the pregnant mil turn light 
blue nhile the normal serum mil remain clear Centrifugation is not netessan On the basis 
ot 303 cases obsericd (216 nonien pregnant, 20 nursing, 10 he ilthi mth delaiid menses, 23 
mth ginecologic disorders, 10 mth emeer of \ irioiis pebie organs and ll males) he found 
that the reaction is positiic in 00 2 per cent of all pregnant ji iticnts The author thinks that 
the sei ond part of the reaction is not of gre it lalut md mth broniophenol unaiailalilc it 
mac be omitted The hcniohtie scrum is, of eouisc, of no use for the color part of the 
reaction Mertz’ rcacteon is of groat diagnostic laliio in almost 00 per cent of all patients 
mtli deiaicd menses, although it dois not c\pl nn the caiscs of «ueli a del ii and is iin 
doubtedh unibk to gi'c am defiiuto points in the differential diagnosis The reiction is 
distincth notenorthv because of its simplicity iiid case application in dispcnsari and office 
practice 

Tissue, Pieparation and Staining Barge Bone Sections, Wagoner, G T Bono & Toiut Surg 
13 32a 1931 

Two methods of decakifiiation ha\e been selected following e\tcnsi\o trial with mam 
Nitric Acid a a per cent aqueous solution of nitric acid mil adequatoh detaleift largo 
bone specimens inthin tncnti dais The acid is changed frequenth, is aie the positions 
of the sections immersed in it 

Pormic citrate— formic citrate solution consists of equal paits of (1) '30 per cent 
aqueous solution of formic acid, (2) 20 per cent aqueous solution of sodium citrate Vihcn 
tins solvent is used, the solution is changed frequenth and the position of the sections 
altered Decalcificatioii is complete in from ten to fifteen d le s With the use of formic 
solution for dccakifieation theie is less destruction of the cellular elements of the bone 
and less impairment of their staining qualities than result when nitric acid is used 

The stage of dec deification is tested either bi needling the specimen, or better bt 
shaving it mtli a sharp knife or razor Accurate estimation of the process of decalcificatioii 
maj be obtained bv the daih determination of the hydrogen ion content of tho solvent 

Neutralization If decalcification has proceeded m nitric acid, the specimen is im 
mersed in a 5 per cent aqueous solution of potassium alum for twentv four hours This stage 
IS omitted if formic citrate is emplojed 

Washing The deealeified hone specimen is washed mth running tap water for 
tnentv four hours 

Delndrntion The bone is conipletch deindrated bi immersing for tnentrfour hours 
in each of a number of solutions These solutions consist of 70 per cent ilcohol, 93 per cent 
alcohol, absolute alcohol, and three changes of ether alcohol The ether alcohol consists of 
equal parts of ether and absolute alcohol The absolute alcohol and ethei used are kept 
water free by overlaying a stratum of anhydrous copper sulphate 

Infiltration Infiltration is with eelloidm Although the best results haie been obtained 
with the use of Sehenng’s celloidin, it lias been too expensne for general use Good results 
are routinely obtained bv the use of Du Font’s parlodion 

Throughout the entiie process of infiltration great care must ho taken to maintain 
anhydrous conditions The celloidin must onR be m ide from clean, thin, o\ en dried eelloidm 
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shavings All glassware, and utensils used in the preparation of the celloidin solutions must 
be thoroughlv dried in the hot air oven before their use The ether alcohol used as a solvent 
for the celloidin must be anhvdrous 

Five solutions of celloidin are emploied These varv in viscositr from that of Xo 1 
which IS water thin to Xo > which is of the thickness of honev Each celloidin solution is 
kept in an air tight container 

The thoroughlv deh'drated bone specimen is left in the first celloidm solution for three 
weeks It remains in the second solution for two weeks and in each of the remaining three 
solutions for one week 

Evaporation After the specimen has remained in the last celloidin solution for one 
week, it IS overlaid b' a 'olume of the thickest celloidin solution equal to appro'omatelv five 
hmes the thickness of the specimen Evaporation is now earned out verv slowlv and with 
care to avoid bubbles The imbedding or evaporating dish is kept m a cool place As the 
consistencv of the celloidin increases, it is first freed from the walls of the container with 
a k-nife Xevt a large block containing the specimen is outlined, and as the consistencv in 
creases the block is gradualh freed from the surrounding mass and from dav to dav turned 
on its various faces When the various faces of the celloidin block are of equal consistencv 
and the whole has the feel of dense rubber, further Inrdening is carried on bv immersing the 
block in 65 per cent alcohol If the above process is properlv cveented, the celloidin block 
will be found to be exceedinglv hard and transparent Anv milkiness which mav be present 
IS indicative of the presence of water and will impair the final result 

BLOf'KIXG 

The hardened celloidin block is trimmed to desired shape, leaving a margin of at least 
file milbmeters of celloidin about the tissue It is mounted on a dn fiber block in the 
following manner 

1 Immerse celloidin block in 95 per cent alcohol 

2 Immerse celloidin block in absolute alcohol 

3 Immerse celloidin block in absolute alcohol and ether (equal parts) until the sur 
face feels sbmr 

4 Submerge celloidin block in thick celloidin solution and transfer quickh to the fiber 

block 

5 Allow to stand in air until a thick senm forms o\er the celloidin (ten minutes; 

0 Tnm awai excess from marein of fiber block and immerse in 70 per cent alcohol 
for at least twelve hours before cutting 

The cut sections are stained with V cigert ’» iron hematowhn and countorstained with 
cosin according to the following technic 

WEIGERT’s IRON HEM trow UN 


^Solution \ 

Hcmatoxvlin X gm 

Alcohol 97 per ccni inn cc 

‘solution B 

Distilled water 97 c ^ 

•Solution iron chlondo 4 c c 

Ilvdrochloric acid 1 c c 


Mi\ equal pirt« of 'Solutions V and B each time it i' to Ix^ used 

Irom the 7n p.r cent alcohol in whuh the sections ,-erc placed when cut, the staining 
pro. ess continues b\ immersing in ’ ^ 

1 \\ itcr, to Tiwove ah nbol 

2 Hcmatoxibn five nunutc- 

7 Water to rcinoco c\ot s hematouhn 
4 \c id alcohol until eclhndm eh ar' 
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5 to lcmo^e aeicl akoliol 

6 Ammoim fno to tlnrtv niinntts 

7 'Water, dip 

8 Eosin, dip 

9 ator, to remove excess cosm 

10 Akoliol 70 per teat, one minute 

11 Alcohol 91 per tent, until colloidni do irs 

12 Creosote 

ISIount from the creosote in Cimda liilsam on tlenii slides iiul roier The moiiiitcd 
section IS laid on a smooth surface anil a hcan weight placed on the coicr slip This 
weight IS allowed to remain in place for two to three tins until the lialsam is well set Such 
a procedure aids in pressing out am wriiiKlcs in the section and in freeing it from inclusions 
of air bubbles 

Lantern Slides 'Sections of 21 microns’ tlnthncss max be stained and mounted in 
balsam between the two glass plates of the ordin in lantern slide The slide is then placed 
in the oven used in the routine paratlln teduiic and illowcd to remain for from three to 
four davs At the end of this time the bilsiin will be tpiito firm ind the slide is bound and 
the mat applied There results from this proccdiiie an e\eillent colored lantern slide of the 
desired section 

Colloidal Gold Preparation of, Patterson, J Brit T hxper Jted 12 Idl, 19D1 

Keagents 

1 Distilled water 

2 Potassium oxalate (of iiiaUtical piinti 1 1 pei cent solution 

3 Gold sodium clilondc (double salt), AiiCl, 'MaCl, 211 0 

4 N/50 sodium hvdro\idc 

5 M/50 livdroclilonc acid 

Motes on reagents The water is prepared In distilling ordinan t ip nr distilled 
water through an all glass (hard or resistance glass) ippiratiis rciccting the first 7 per cent, 
leaving a similar amount ns residue and collecting the mid fraction for use Although this 
glass distilled water has been used in the standard preparation, a gold sol nearh equal in 
quaht} results from the suhstitutioii of the ordinarx labornton distilled watei furnished bv 
the usual type of large copper still 

The oxalate is dissolved lu ordiunri distilled water, and is used as long as it is per 
fectlj clear In time a Inze or slight precipitate deiclops when a fresh solution is made up 
For the gold chloride the sodium double salt has been used as the st indard reagent, but tbc 
acid salt functions equallv well, the necessari adiustment corresponding to the ehaiigo of gold 
being made apparent in the prcliminarv test 

The alkali is the ordinnri M/iO standard solution prep ired from a stock CO free 
sodium lij droxide, and preserved iii a haid glass bottle 

THE METHOD 

Preliminary Test To 50 c c of the distilled water nice of 1 per cent potassium 
oxalate and 0 5 c c ot gold chloride solution arc added A row of test tubes is set up and 
5 e c of the mixture placed in each The first of the series being left as made up, 1 drop 
of M/50 alkali is added to the second, 2 drops to the third and so on to the sixth, a stand 
aril dropping pipette being employ cd (one gi\ mg 25 drops to the e c ) The w hole senes of 
tubes IS then imniediatclv immersed in about 70 c e of yvater at air temperature contained 
111 a 250 ce hard glass beaker Tlie temperature of the water bath is then lapidlj raised, 
heating being bj means of a stiong Bunsen burnei under a thin plan non avire gauze 
(i e , without an asbestos center) "When the bath has reached hoilmg point and remained 
there for about a minute, the scieral tubes are witlidranai and placed iii order in a rack 
Of these tubes onlj one is representatne of the right conditions for the preparation of the 
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stock goia sol It IS the lowest in the senes to give t hnght red clear solution which, when 
carefulh exaniuicd in a good light, exhibits 3 ust the faintest sheen Those containing less 
alkali eliminate themselves as exhibiting a verv marked sheen, while those containing more 
alkali than the selected tube are too clear and purple, the total color deielopment being 
also less intense In general, when the sodium gold chlonde double salt has been used 
tube 4 IS representative of the correct conditions It is equivalent to the use of 1 c e of 
gold chlonde (1 per cent solution), 1 cc of 1 per cent potassium oxalate and 24 cc of 
H/oO sodium hvdroxide with each 100 e e of distilled water 

The wax is now open to the preparation of the gold solution itself in bulk 
Actual Preparation of the Stock Gold Solution To 200 c c of distilled water eon 
tamed in a hard glass beaker (just previouslv treated with aqua regia, and washed with 
successive quantities of tap water and distilled water) 2 c c of 1 per cent potassium oxalate 
2 c c of 1 per cent gold chlonde and 4 S c e (or such amount as has been ascertained in 
the preliminarv test) of X/50 alkali are added The whole is raised rapidh to the boiling 
pomt The initial change in the formation of the hvdrosol is indicated bi the appearance 
of a bght blue color, which soon darkens, and then as the temperature is further raised the 
solution, still remaining clear, becomes more and more purple, then red, until just before 
the boiling point is reached a rapid final change to a light eherrv red sets in, the sol then 
remainmg perfectly stable in color after the boiling point is attained Once this final stage 
IS reached the heat is withdrawn, the beaker covered and allowed to cool When sufficicntlv 
cool it IS transferred to a glass stoppered stock bottle 

Titration of Stock Gold Solution A few orops of blood arc taken directlv from the 
finger into about 10 c c of normal saline the red corpuscles spun down and after the super 
natant liquid is removed, are washed twice with 10 c c of saline A 1 in 100 dilution of the 
corpuscles is made in water, and is then used upon the gold solution exacth as a specimen of 
cerebrospinal fluid is used in the Lange test (ic, with 2 1 cc of gold sol to each tube) 
The test is made against lour different specimens of gold sol acidified as follows 


Specimen 

Amount of stocJ sol 

roUime of acid added 

1 

20 c c 

0 c c X/iO HCl 

2 

20 e c 

0 40 cc x/io na 

3 

20 c c 

0 45 c u X/50 HCl 

4 

20 cc 

0 50 c c X/50 HCl 

Headings are 

made after twenta four hours 



With the smallest amount of and it is usuallv found that the first five tubes of the 
Lange senes are not affected, whereas with the greatest amount of acid all five will show 
complete precipitation The corrcit addition of and is the smallest ciuantitc that will just 
enable the gold to be partialb prcnpitatcd I>\ the oxx hemoglobin the tubes 1 to j to which 
attention is confined, showing a pale pink lolor (The later tubes of the senes particularly 0 
and 7, show prcnpitation at this stage and even with sbghth lower additions of acid, but this 
precipitation is of a different tape to that just mentioned, the obvious difference is that it 
leads to a bluish purple color instead of a pink, and need not bo talcn mto consideration for 
the puqioEC of defining the . nd point of (lie titration | In effect this is realU a titration to 
P,! G7 0S the isocUitnc point of <>xa hemoglobin which P„ refer" liowcicr, not to the gold 
sol it«elf, but to the mixture when il! the routing "ub tanics are together 

^^^tll aon little ixpcncner it is ,.o nble to ascort iin the correct and addition ba noting 

the appearance of the tubes after ten minutes, without waiting for the final reading at 

twenta four hours, md also to < nt down the number of specimens of a. idified gold to be 

tested to two It IS esscnt.,1 to n-e a ir,4,la prepare! solution of oxahcmogloh.n for the 

titration 

Immcdi.tcla before ns, th, s,o.k gold -ol .cuhfied in acordame a-,th the alKwe 
titration and is then completcla stand .r, hr. d fultdbng all the re-j i.rcments of t' c Ung. 
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PREGNANCY, Rapid Method for Diagnosis of, Eherson, F and Silverherg, M H T A 

M A 96 2176, 19J1 

From 6 to 8 ounces (180 to 235 e t ) of morning unlit ms obtained and 180 cc used 
in the test, as follows 

Two and one half volumes of 05 per cent alcoliol ncre added to the urine, iiid the 
mixture was kept in an ice chest at a temperature of from 2 to 4° C for set oral hours or 
oiernight to allow the precipitate to settle out In order to hasten the prelimiiian pro 
cedures, frequenth the mixture nns centrifugated and tlic sediment treated as follows Tlie 
precipitate, after eentrifugation, was nashed several times mth from 10 to 15 c c of ether 
and dried in the incubator at from 37 5 to 38° C or hj means of a stream of compressed 
air A more satisfactory procedure was adopted b\ adding the ether to a suspension of the 
sediment in 6 c c of physiologic solution of sodium chloride sh ikiiig the mixture thoroughly, 
centrifugating it to remoye the supernatant ether, and repeating the extriction tno or three 
times Tlie supernatant saline solution after centrifugating and containing the specific hor 
mone, now freed from the cstroiis or oyarian hormone, y\as used for injection into rats 

Female immature rats from eighteen to tyycnty one days old, t iken from one litter, 
yvere used in the test One cubic centimeter of the extract yvas injected into each of tno 
rats on three successive days On the third or fourth day, tlie animals, including an un 
treated normal control, yvere kiUcd Tlie reproductive tract yy is examined in situ, and 
special attention yvas giyen to the appearance of these organs ‘Serial sections yvere pre 
pared from the ovaries, tubes, and uterus for micioscopic confirmation of gross conditions 

The techiiic has been improycd leecntly to the extent of iniecting Ice of the test 
material tnice a dn for one or two days, thus shortening the time required for diagnosis to 
from thirt) six to fortv eight hours, instead of from ninetT six to one hundred hours By 
this method the precipitate obtained from the urine is suspended in 3 c c of salt solution 
and the nioie highly concentrated material used for injection 

Economy in the use of alcohol for this test could be practiced by distilling the residual 
urine alcoliol mixture and using the alcohol repeatedly In our experience there have been 
no false results in numerous instances in yyliich such reclaimed ilcohol seried as the reagent 
With the technic outlined there has been no mortality among the rats iii the course 
of injections prior to the death of the animals 

INTERPRETATION OF TEST 

The gross appearance of the oianes, tubes and uterus yvas carefully noted The 
organs, in positive tests, were uiiifomih enlarged, and the tubes, in particular, yvere distended 
and translucent ui appearance, ouing to the contained fluid The oiaries yvere scrutinized 
for hemorrhagic protruding follicles and “blood points ” In the positne instances the 
oyaries were unmistakably enlarged, hemorrhagic and congested The ovarian and tubal blood 
yessels were engorged and stood out in bold relief ns compared yyath normal controls 
The uterus yvas myariably hypertrophied and turbid In niildlv positive cases seen from time 
to tmie in very early pregnancies, the gross picture yyas eomincing despite the less pro 
nounced changes 

Microscopically, the diagnostic criteria yycre the enlarged hemorrhagic follicles con 
taming corpora liitea The degree of luteiiiization varied from slight invasion at the 
periphery to complete transformation filling the entire stiucture As will be noted subse 
quently, the extent of these specific changes and their progressive or retrogressive aspects 
were modified by the age of the fetus and certain other clinical factors In the absence of 
grossly positive signs, the microscopic picture always determined the diagnosis The pres 
ence of at least one corpus luteiim was required for a positive diagnosis 

TISSUE, Rapid and Permanent Stain for Myelin Sheaths, Coumlle, C and Biajian, A 
Arch Path 11 920, 1931 

Hardening For rapid diagnosis on fresh tissue, boil the blocks for one mmute in 10 
per cent formaldehyde and then leave m the same solution in a parafiiii oven for five mm 
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iites before cutting frozen sections hen the section is not deniandcd in a short time, ti\ 
the tissues m 10 per cent fomialdeliTde for tvrenU four hours or longer 

Sections Cut frozen sections 10 microns thick Beceive sections in i large dish con 
taming tap ivater 

Mounting Draw sections on to slides and let the excess water dram off for about a 
minute and dehvdrate with absolute alcohol, pouring on a few drops two or three times, 
each time allowing it to evaporate Blot and dip the slide in a thin celloidm fixing the 
section to the slide Dip the slide m tap water for a few seconds 

Mordanting Cover the section with 15 per cent hot aqueous solution of feme chloride 
(Ferric chlonde solution should be made up fresh each time Dissolve 15 gm of feme 
chlonde m 100 c c of hot tap water and raise the temperature to 60° C just before use) 
for five minutes Dram the solution from the slide Do not wash 

Staining Cover section for five mmutes with equal parts of hematoxvlm solution 
(Hematowbn solution is prepared bv dissolving 10 gm of hematoxvlm crvstals in 90 c e of 
absolute alcohol and ripening m an incubator at 37° C for two or three weeks This solu- 
tion IS stable and will Icep for months) and distilled water, heated to 60° C This stains 
the section extremelv black 

Washing Wash tlioroughh in tap water 

Destammg Eemove excess stain in a 1 per cent aqueous solution of feme chlonde, 
dippmg the slide in and out of the solution until the gtav matter begms to appear m con 
trast to the dark medullarv substance This takes place m from ten to twenty five seconds 
Washing Wash the slide quickh m tap water 

Differentiation Cover the section with a 0 25 per cent aqueous solution of potassium 
permanganate and shake with the fingers to secure even differentiation which takes place in 
about fixe seconds This step should be controlled under the microscope 
Washing Tlioroughh wash the section m tap water 

Dehydration Eemoie water from the section after draining off the excess b\ pouring 
on a few drops of absolute alcohol and drainmg off, repeatmg three or four times Blot 
between filter paper 

Clearing Plunge section in a container of equal parts of aniline oil and xilene for 
about three mmutes and then in xvlene for another three mmutes 
Mountmg Mount m Canada balsam or gum damar 

BLOOD CHLORIDES Determination of Using Palladious as Indicator, Lewis, E C , and 
Binkley, If L \m T Clin Path 1 231, 1931 

<;OLtTIO\S REQtIPED 

1 Sulphosalicxhc acid A 2 per cent «olution 

2 Standard silrer nitrate solution (1 cc 1 2S mg XaCI; 

Siher nitrate, cp 3 72 gnms 

Xitnc acid, cone 250 cc 

Water to make 1000 cc 

3 Standard potassium iodide solution (2 cc to 1 t c Standard AgNO,) Transfer ap 
proximatch in gm of potassium iodide to a liter rolumctnc flask dissohe m water and 
dilute to yolumc Measure 1 cc of the standard s,hcr nitrate solution, 0 i c of water and 
02 cc of pilladious nitrate mdnator into a 'mill Erlenmcrcr flask and titrate from a 
micro burette with tlie pot is-,iiim iodide solution to the first [.emnnent broivn color \ftcr 
checking the titration adiiist tin solution by dilution «o that evaefh 2 03 t e instead of 
2 C.C of the potassium lodid. solution will lie required to titrate 1 c e of the standard siher 
nitrate solution to the brown md point with palladious nitrate indicator The extra 0 03 

of potassium iodide solution is ne.cssiri to proride for the b! nk rcqmnd to produce lie 
endpoint «ith the indicator \Micn this s andard potassium iodide solution is ustij 

titration of excess sihor nitrate m blood eldornb deV miinatinns tlie same pkinj of 0 0’ cc 
IS subtracted from the titration xaliic obtained 
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4 Palladious nitrate indic itoi solution 
Palladious nitrate 
Nitric acid, cone 
Water to iiialie 

This solution keeps indefmiteh 


0 13 gram 
10 c c 

100 c c 


TEtllMC OF JIETIIOD 


To 2 c e of plasma or ivliole blood in i 2o c c lolumetiic flask add about 0 cc of 

ivater, and then 15 c c of 2 per cent siilphosabcilic acid Dilute to \oIumo, shake, allon to 

stand fire to ten minutes, and filter To 10 c c of the is itcr clear filtrate in a 25 c c 
volumetric flask, add 5 e c of standard silicr iiitiate solution, and dilute to volume Add a 
small pinch of kaolin to aid the coagulation of the silier chloride formed, sh ike tboroiighh, 
allow to stand fiie to ten minutes, and filter If the first few drops of the filtrate ire 

cloudy, pour back through the filter to obtain a clear solution To 10 c c of the filtrate in a 

small Erlenniejer flask, add 0 2 c c of pall idioiis nitrate iiidic itor and, using a micro burette, 
titrate with standard potassium iodide to the first broisii color The end point is verj distinct 
and permanent 

CALCULVriON’ or RESULTS 


The amount of sodium chloride present iiia\ be calculated fiom the following formula 


Milligram of NaCl per 100 c e of blood (or plasma) = 2 


KI used - titration blank 

_ 


X nig of NaCl per c c 
4 - (KI used - 0 03) 
~ 2 


of AgNOj X 
100 

X 1 28 X 


100 

Blood (or plasma) cqniialent of filtrate used 

= 4 - (KI used - 0 03) x 200 


Thus, to find the number of milligrams of sodium chloride in 100 c c of plasma (or 
whole blood), subtract 0 03 (the titiation blank) from the number of cubic centimeters of KI 
used then subtract this figiiie from 4, and multiph the difrercncc obtained bv 200 
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The Candinc* 

EEE IS a story a medical Eton, that ivill make lour blood run cold just as it did when 
j — I Tou were a child and vour negro mammi told jou all about raw beef and blood v bones 
AVlien I was a child reading geograpln I thought how terrible it would be to be swimming 
m the Amazon Eiver and haie a boa constrictor drop down upon me from the trees It 
seems the natires hare a terror of swimming in the nrer but not from boa constrictors In 
stead it is a very harmless looking bttle hsli about one or two inches long called the Candiru 
Unfortunately this animal is urinophilous and is strongh attracted to urine when voided on 
the nrer Indeed, it is so strcngh attracted that it will penetrate the urinarv meatus Then, 
of course trouble begins 

These stones of the Candiru have been more or less Icgendarr and there have been 
few investigators who have actualK seen the event 

Gudger who is in the department of Ichtlivologv in the American Museum of Natural 
History has made a very complete and lerv interesting stcdv of the investigations that have 
been made in an attempt to substantiate or refute the ston of the Candiru His conclncions 
appear to be justified bv the evidence that he presents 


An Index to the Chemical Action of Microorganisms^ 

•^HIS IS a reference inde\ which should be of great service to the bactenologist and the 
chemist It consi'-ts of three cro^s inde\ tible= The hrst indcv bsts the microorganisms 
that have been studied Under each microorganism is listed those substances which have 
been used as substrates ind in the nc\t column there appear the chemical substances that 
arc produced as a result of the action of the microorganism on the substrate The final 
column gives the reference to the authors who did the evperimeutal work Thus, aspergiUus 
nigcr grown on citne acid produces glviollic acid according to the rejiort of Challenger, 
Subramaniam and Waller, in The same organism grown on nvalic acid also produces 

ghcollic acid aciordmg to tin « inie authors Grown on ‘^ncro-e it produces citnc acid ae 
cording to Currie, 1917 

The second table tells, the reader nhat mav be produced on a certain substrate with 
specific organisms Thus, acetic and mac bo used for the preparation of formaldehcde and 


Candiru Tlir Onl\ V.rtcbrati Parasiu ot Man Bi rutnn^ M tllis rsi. n 

BiblloRriplirr and \«soci ite in Iclitturloiri \m<ncin Muwuni of \ itur il Histors v./ D 
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foTmic Tcid bv the gro^^th of bicillus p^oe\^nells according to Subniienski, 1013 Acetic 
acid IS a substrate for the production of gljcolhc acid as a result of the growth ot aspcr 
gillus nigcT according to Challenger, Subramaiuani and Malkci, 1027 Acetone as a sub 
strate mil produce acetic acid and formic acid following the growth of bacillus pjoccancus 
according to Subniiewski, 1923 

The third table again cross iiideces, earning the product ns the major index Dextrin 
max be produced from starch bx B amxlobnetcr, according to Villiers, 1S91 Gljccrol is 
produced fiom dextrose bx the action of xeist (Oppcnhciiner, 1013) The final table con 
sists of the references cmploxed in the first three 

This xoluine should haxe a xeix definite xalue to research students interested in this 

field 


The Use of the Microscope’^ 

T his is a little out of the usual line It is in no sense an eleraentarx book but is of 
particular interest to those who haxe used the microscope for a long time and xrho feel 
that tliex are xvell acquainted xvith all of its idiosmei asies The axorage inicroscopist prob 
aolx onix obtains about 50 per cent of efiicieiicx in magnification and detail from the use of liis 
microscope This volume, contributed bx the cxtologist of the Carnegie Institutio i describes 
111 detail the common errors in the use of the condenser, the illnmination, the filters and 
screen, cover glasses, objectixc, mirrors, cxc pieces, etc, ind details the iiecessarx steps to 
obtain maximum efficiencx with the microscope 

For routine xvork one niav possiblx bo satisfied xxith 50 per cent cfiicienex but when 
we are dealing xxith experimental inxestigation this will not do For example, a man xvho 
IS making special studies of chromosomes and cxeii of chromomercs must proxide maximum do 
tail in order to obtain results that ire at all satisfactorx 

In essence the volume is a treatise on the phxsics of light os applied to microscopx, but 
xve mil xenture to sax that most of the discussion deils xvith minutiae xvhich are unknoxvn to 
the average microscopist For those xvho are interested in improxing their microscopic 
acumen, the xvork may be highly recommended 


X-Ray Technology f 

'^HIS IS a veiy adxanecd xolume on the phxsics of the x rax and loeiitgenologx , of interest 
4 to the roentgenologist who desires to obtain maximum efficiencx in his xxork Tlie leading 
roentgenologists find that thex must haxe expert phxsicists in association, p irticularlx xxlien 
dealing xvith high voltage machines used especially in therapx The writer has prepared this 
volume for the roentgenologist to serxe in lieu of the expert sen ices of a phxsieist, where 
the latter is not available 


The Creed of a Biologist} 

'Y'HE trouble xvith the attitude of present daj scientific men tow ard orthodox religion is 
that their attitude is iicgatixe in character Tiiej find that thex cannot beliexe in re 
xealed leligion, but xvith a fexv exceptions a thorouglilv satisfxing positive creed has not been 
Warthin’s most inspiring cssnj creates a positive religion based 
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upon the scientific knowledge of todai It is, of course, that winch most antellectual tlunkers 
hare accepted, namclj the submersion of anv idea or hope for personal immortalitr in the 
recognition of racial inimortalita Dr IVartliin has bmlt up a senes of rules for conduct 
based on his religious interpretations Race betterment through eugenic means naturallv 
becomes a prominent factor 

The essai is most stimulating 


Bedside Interpretation of Laboratory Findings^ 

’"THIS IS the ti-pe of thing the general man wants Having received such ind such a 
1 report from the laboratorv, how to interpret it’ Dr kVohl has done a good 30b in a 
relatiieh small space His interpretations are brief, to the pomt and indicate an acquaint 
ance with the current literature nght up to the time of pubbcation 

Xo two people would wnte such a book abke Some would melude more, others less 
But the volume under review appears to fulfill the promise of the title ven satisfactorilv 
Sometimes the wnter includes more than the title requires Thus, treatment is often in- 
cluded This IS unobjectionable, but sometimes when one gets into the phase of treatment 
one finds it necessarv to deiote much more space than is available, in order to give it its 
due For example, the author takes up desensitization treatment in allergv This being a 
sideline from the main purpose of the book it is verv bnef and could not be followed as 
described without occasional risk of reaction 

A general practiboner who has received a formal laboratorx report and who has some 
hesitanev in asking what he feels niav be too simple questions will be able to dig out the 
answer for himself without trouble nath the aid of this volume 


Practical Physiological ChemistryJ 

’T’ HE fourth edition of Zinsser’s standard work requires no introduction Developments 
her The tenth edition marks the tiventr fifth anniversarv of the appearance of Hawk ’s 
Phvsiologieal Chemistrv This latest edition has been brought up to date with revision and 
resetting of much of the hook and rewriting of the sections on Examination of Blood and 
Urine, Phvsical Chemical Properties of Solutions Enzianes and Their Action, Endoenn 
Organs, and Proteins 

The general construction of the volume remains, as formerlv, that of a practical lab 
oratory and reference manual designed pnmarih as a textbook for undergraduates in 
phxsiological chemistrv and serving at the same time as a reference volume for gnduates 


Resistance to Infections Diseases ^ 


'T'lIE fourth edition of Zinssers standard work requires no introduition Dcielopments 
ha\e been so rapid in the field of immunologi and neiipoints haie changed '‘o rapidh 
that a book rapidh becomes out of date the autiior remarks m las prtfaie “In the 

subject of immimologi seven or eight xiars suffice to render a xoung liook decrepit One 
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\':Uo has raslilj undertaken the task of presenting this suliject in hook form is ttiercafter 
eondouincd to the altcrmtncs of cither the periodical labor of roiision or a sense of guiltl 
respoiisihiliti for main iieus and conceptions ■nliich he no longer supports in their original 
forms, unless he Ins become as rclitneU old as the book itself Books on immunologj 
should either be reused eicrj ten icais or destroicd e\ccpt for a few museum copies ” 

Investigation m the field, in the last few leais his been made nitli a far greater 
degree of experimental precision than in the earbor davs of immunologv and the more recent 
de\ elopinents Ini o been b iscd upon moi c aecnratclv controlled obsen ations than those 
previously founded upon the trial and error methods ot pure biologi The luthor states 
that this has neccssit itcd compichensnc rciisiou, and, nhile the fundamentals ot the book 
remain uneb inged, much of it Ins been rewritten, bringing it cntirclv up to date 

With a volume such as this, nhich deals with a coiistnntK growing and changing 
subyeet, tlie appearance of a new edition at once means that preceding editions are there 
after chiefly of historical interest 


The Princijilcs of Bacteriology and Immunity 

T HIfi IS a comprehcnsii e hook in two volumes, the standard British reference volume on 
this subject The discussion of labontorv b ictenologv and immiinologv and the rovicir 
of the general subject of ampin la\is, infection nid resistance are both comprchoiisivc and 
authoritative This work has in advantage over most of the other presentations on this 
subject in that it also contains paragraphs on practical application 

It should be of distinct value to all interested in tbo gener il fields under consideration 


A Text-Book of Pathology t 

I T IS refresliiiig to sec a medical book that Ins bad so ui iiij editions tbit tbc autbors 
have ceased including prefaces to previous editions and hive let it go at a single non 
preface to the fifteenth edition In other words by now the work speaks for itself Tint 
Delafield and Prudden will continue paramount among textbooks of pathology Ins been as 
sured by the fact that as eminent a pathologist as Francis Garter Wood has charge of the 
revision 

It is a matter of some interest that the additions to our knowledge of pathologv that 
have been made since tbe last edition appeared Invc been preeminently in the realm of 
functional pathology These include further studies on the thvroid hormone, the correlation 
of parathyroid disease with osteitis fibrosa cvstica, the work of Aschlieim and Zondek on the 
pituitary secretion, the recent work on ovarian hormone, knowledge of the effect of ultra 
violet irradiation on ergosterol, the preparation of a potent extract of the adrenal cortex 
But while these are the ovitstanfiing recent advances, it is equallv true that a text 
book of pathology more than a few veais old is out Of date even as regards morphologic 
pathology Eeceiit advances in our knowledge of cancer and the blood dvserasias have con 
tnbuted especially to this 
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EDITORIAL 


The Specific Therapy of Pneumoma 

D espite extensne studies m recent tears pneumonia still dcseitcs Oslei’s 
famous description of this disease as “Captain of the Men of Death ” 
Any studies, therefoie, A\hich shed light upon the lesults of attempts at 
specific therapv aie of gieat inteiest and tv ell iepa\ pciusal 

The report of Cecil and Plummer' is of importance coieiing as it does a 
caieful survey of 1,161 cases of pneumococcus tcpc I pneumonia 

''Ylule the leport is best studied in the original its high lights mav be 
siumnanzed ivith piofit 

Despite the fact that the pneumococcus tvpc 1 is hut lareh found m 
healthv tin oats this oiganism is lesponsiblc foi bv far the greatest number of 
cases of lobai pneumonia ( 30 9 per cent of 3 G62 ea‘:es) These figures refer 
to adult cases as tvpo I pneumonia appeals to ho rare m infantN and consti- 
tutes onh 10 pel cent of the cases occurnng between the ages of thiee and 
twehe jears 

'CpcU H Ty 'inJ Pliimm r N Pn<\mior*Mn iw 1 Pn umonH J \ \t \ i i-i- 

' ** ' J 
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On the otliei liand, as has fiequentlv been commented upon, the disease 
IS essentialh a disease of the oung, 618 pei cent oi the cases in the senes 
occiiiiing between ten and foitA leais oi age 

Tcpe I pneumonia is the piotot^pe of lobai pneumonia in that the cbm- 
tal histoij and couise confoini closeh to the “tjpical” dcsciiption 

The commonest complications in cluldicn c\eie otitis media and empjema 
although canons complications mac be eiieountei ed in a small peicentage of 
cases 

In the senes lepoited it ccas noted that theic ccas a steadily using death 
late from 1921 to 1929, namelc, liom 20 to 42 8 pei cent The leason foi this 
IS not appaient 

While mane factors influence the death late in pneumonia, among them 
tj pe of patient, the incidence of alcoholism, the age and so on Cecil and 
Plummei note a direct i elation bctcceen the death late and pneumococcus 
bacteiemia the death late ccith bacteiemia being 66 7 pei cent and but 22 5 
pei cent in the absence of bacteiemia 

Of paiticulai inteiest is that poition of the icpoit dealing ccith specific 
thei ape 

It is, of couise, ccoll zecognired that ccdiilc the e\peiiinenta] and clinical 
ecideiice m facoi of the use of tvpe I scrum is quite concincing the statistical 
ec ideiice is not equallc eoiic meing The me estigations of Cecil and Plummei 
begun m 1920 aie, theicfoie, of great iiiteiest especiallc' as thee utilired not 
onlc' tepe I seiuni but also the antibodc solution of Iluntoon and the concen- 
tiated seium of Felton 

Huntoon’s antibodc solution is polccalent toi tciies I, II and III, highlc 
eftectice against type I pneumococci less so against tepe IT, and ccith but 
little cable against ciiuleut tepe III cultuies 

The authois feel that cclule the fieedoiii of Iluntoon ’s solution fiom hoi sc 
piotein eliminated anaphe lactic leactions and seium sickness it ccas no moie 
concentiated than the oiigiual tepe I seium and also that cclule the clinical 
and statistical lesults follocvmg its use cccie cere good, the seceie theimal 
leactions pioduced cvere a distinct disadcantage To this, also, mac' be added 
the fact that it is quite expensice 

Felton’s concentiated seium ccas tested in 239 cases cvith excellent le- 
sults and shocen to be often ten times nioie potent than unconcentiated piepa- 
lations so that this pioduct deseices a moie extensice use 

Finallj, 111 the concluding cvoids of the authois 

“Tepe I seium is no longei in the expeiiiiieiital stage When admmis- 
teied eaily and in sufficient dosage the clinical lesults are sinking The 
present study demonstrates that concentiated seium possesses all the theia- 
peutic cable of the unconcentiated piepaiation Fuitheinioie, concentiated 
seium has a much highei potenec, and a locvei content of ehill-producing sub- 
stances and horse seium pioteins cclueli make it more easilc^ administered, 
and less fiequently follocved bc’ chills, seium sickness, and serum leactions ’’ 

~R A K 
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CLINICAL AND EXPERIMENTAL 


A CRITICAL ANALYSIS OP THE LYON BILE DRAINAGE TECHNIC AS 
AN AH) TO BACTERIOLOGIC DIAGNOSIS*' 


\ViTH A Repopt ox 105 Cases 


By Ralph W Nalss M D , Michael Lake, M D , axd Johx C Tokrey, Ph D 

New York N Y 


OINCE Meltzer in 1917* announced liis theorv regarding “Tbe disturbances 
^ of tbe law of contiars' mnenation as a pathogenic factor in tbe diseases 
of tbe bile ducts and gall-bladder” and Vincent Lvon of Philadelphia in 1919- 
publisbed the results of im estigatious along lines inspired by Meltzer’s arti- 
cle, much interest has been manifested in tbe question of drainage of the gall 
bladdei Mam clinicians and investigators base contributed to the rather 
considerable literature on this important topic Two opposing schools of be- 
lief have arisen as to whether or not bile empties normally or can be induced 
to flow from the gall bladder out through the cistic and common ducts b\ the 
larious means emplmed Lvon and Ins numerous collaborators contend that 
such does occur noimallv at internals and artificiallv nhen the proper technic 
IS einploi ed, while others, notablv Sweet,^ Halpert,^ Demel and Brummelkamp^ 
hold a more or less opposite inew It is not, howei er, the purpose of this paper 
to take a definite stand in this control ersy, althougli for the purposes of dis- 
cussion u c are assuming that the “B” bile is of cvstic origin Our immediate 
interest lies rather in the possibilities iihich this so-called nonsurgical drama-e 
of the bile duets and gall bladder mav haie to offer in the field of annlmd 
clinical bacteriologv ^ 


V hippie'^ appears to be the first to lime published noteuortht studies 
centering around the bacteriology of Lions bile fractions In hi's article 
^uas published in 1*^21 he offers data on 25 cases m which the ^all blad: 


1. .. Dfcyrtnunt «t IMliUc 11 -\Uh irA l>r n . 
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ders were subsequently leinoAed and similai bacteiiologic examinations of 
then contents and nails made In about 50 ]ici cent of tlies" 25 cases, he found 
one 01 moie ^alletles of bacteiia, occiuiing in the pieopciatiA'c duodenal bile, 
to be likeivise pieseiit m the gall bladdci bile oi gall bladdei tissue leinovcd 
at time of opeiation lie, moieoimi, admits “In some of these (drainage 
biles), howeiei, contaminations aie suggested bi the laiietA of tjpc of oi- 
ganism ” He legaids the piesence of B siibtilis, Stieptococcus sain anus and 
Mieiococcus cataiihalis as emdences of contamination in the duodenal eul- 
tuies but consideis the colon bacillus, hemolytic stieptocoecus and Staplnlo- 
coccus aureus as etiologic faetois, espcciall 3 , if pieseiit in the “B” fiaetion 
folloAviug jMgSOj instillation He liiithci states as his “impression fiom a 
study of these cases as well as some one hundied and fiftA opeiative cases in 
winch gall bladdei bile and tissue fiom the gall bladdei weie cultured, that 
the colon bacillus is the most peisistent of the bacteiia found in tlie common 
duct ” Rehfus and Lion actoiding to Whipple'' noted this tipe of peisistent 
infection and adiise autogenous Aaccine thciapi Likewise othei iniestiga- 
tors, notabH Kelly," as eailv as 3906 lepoited a high peicentage of B coli 
recovered from the gall bladdei contents aftei opeiation 

Lyon and Kolinei in the fonncr’s book® published in 1923, discussed in 
Chaptei 19 the eidtiiial methods applicable to bile specimens lecoveied by 
duodeuobiliaiT diainage aud lepoited on the bacteiiologic findings for a series 
of 64 cases They made cultures of A, B and C bile in both hoimonc agai and 
hoi-mone bioth, employing foi the lattei a special flask appaiatus designed to 
lednee the chances of extianeous contaminatiou to a minimum Of this senes 
appioximateh' 45 pei cent yielded steiile biles oi obMOus contaminations as 
shown by the plate cultuies, 30 pei cent weie positiie for B coli and 22 pei 
cent foi Staphidococcus auieus The bioth cultuies gaie IG per cent positnes 
for streptococcus Thei’- lepoited the lecoicied stieptococei as generally 
virulent for labbits and also an enhanced niulence foi some of the B coli 
and StapliAloeoecus auieus strains Thei'' consideied the reeoA'ciy of ani^ of 
the aboim organisms of piobable etiologic significance and as suitable foi 
specific theiapy 

About the same time as La on’s book appealed, Pieisol and Bockus® pub 
lished an aiticle entitled “A studA^ of the bile obtained bj nonsuigical biliaiT 
drainage, Avitli especial refeienec to its bacteiiology ” Thejq hoAvcAei, lepoit 
their bacteiiologic findings in but five cases stating that “in the earliei poi- 
tion of our Avoik so much difficultA Aims expeiieiiced AAitli the bacteriologic 
technic that the lesiilts obtained Aveie too iinieliable foi permanent record ” 
Staphjdococcus albiis oi auieus Avas found most fieqiiently with streptococcus 
and B coli less often 

Boardman in an aiticle'"’ published in 1924 presented comparatiAm bac- 
teriologic findings in a senes of 56 cases He beliei es it impossible to steri- 
lize the mouth and stomach and emploAmd a less elaborate technic in regaid 
to sterilization than did Lj^on He took a SAvab from the tonsillar area, fol- 
loAved by thoiough rinsing of the mouth AVitli a 1 to 5,000 pei-manganate solu- 
tion before liaAnng the patient SAvalloAv the duodenal tube After extracting 
the stomach contents, this organ nas rinsed Avitlr a 1 to 10,000 permanganate 
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solution until the -vrasliings letnraed cleai "Wlien tlie tulie appeared to be m 
the duodenum, its position iias confiimed by fluoioseopic examination after 
wlueli a cultuie of the duodenal contents was made Then sterile ^IgSO^ 
solution (25-30 per cent) nas introduced and the “B” and “C” bile portions 
collected fiom the drainage tube and cultured No details are given regard- 
ing baeteriologic methods oi technic 

Out of his 56 cases Boardman found that the fasting stomaeh contents 
duodenal contents, “B” and “C” bile fractions gave groivths similar to those 
obtained fiom the tonsil in from 46 to 69 per cent of cases and that the vari- 
ous bile samples gaie eul trues resembling those of either mouth or stomaeh in 
74 to 86 pel cent of cases He concludes that no reliance can be placed on the 
baeteriologic findings in the r anous bile fractions, since onlv in 14 to 26 per 
cent of the bile cultures was theie an absence of oiganisms similar to those 
found m the mouth and stomaeh He gives no details as to mecha employed 
but states that ‘ ‘ the r anous tvpes of staphylococci and streptococci were the 
organisms most frequently found ” 

Pnor to and since the time the duodenal tube was devised and the tech- 
nic of its use perfected, numerous imestigators have pubbshed results of 
studies concerning pathologic conditions in the bile, gall bladder wall and 
associated structures A considerable number of these have recently been 
presented in tabular lericn b\* Branch ” According to this table the highest 
peicentage of positne baeteriologic growths (47 per cent) came from cultures 
of the gall bladder v all, while onlv 22 per cent of bile so examined gave posi- 
tu e results In those cases listed separately as acute and chronic 71 per cent 
of the former gasc positive cultuies but onlv 32 per cent of the latter proved 
to be positne upon cultunng Approximateh 13 per cent of gall stones cul- 
tivated ga\e positne results 

Finally the bacterial flora of the small intestine under both normal and 
pathologic conditions should be considered in the esaluation and interpreta- 
tion of baeteriologic findings for the bile Bienstock’^ m 1884 called attention 
to the fact that tiie upper part of the small intestine of man contains relatnely 
fen baeteiia as compared with the lower part as well as the whole of the 
large intestine This obseisation has been amply confirmed and our knowl- 
edge of the flora of the duodenum and loner parts of the small intestine m 
health and disease has been greatlv extended thiough the use of the duodenal 
tube first einploied foi tins purpose nith infants In Hess’’ m 1912 and bi 
JlacNeal and Chasc’^ on adults in 1913 Tan der Reis’- in 1922 reported on a 
scries of 350 cases and came to the conclusion that the obligate flora of the upper 
small intestine consisted of ghcoplnlhc gram-positue lanceolate diploeocci B 
acidophilus f\pes and occasional gram-negatne bacilli of the aerogenes group 
In the middle part of the small intestine largei numbers of bacteria were 
found \utli the gram positne cocci decreasing and the colon group increasing 
as lower lc\els were reached Mam other workers bare contributed to our 
present knowledge of the normal and patbologjc flora of the small intestine 
For a concise and comprehensne niiew of such work up to 1924 reference is 
made to an article In Goldmin’^ in wliidi sfie reports her own extensue 
observations 
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The ma^oiity of investigatois ascribe the paucity of bacteria in the upper 
small intestine to the geimiciclal oi bactenostatic eftect of the gastiic HCl 
acting as a barriei in the stomach (MacNeal and Chase, 1913, Hoefert,^' 
1921, Gorke,'® 1922, Van der Reis,^'' 1922) oi as lepeated uaies of aciditj 
noimally passing thiough the small intestine (Arnold and Biody,'” 1927) 
On the other hand Rollj' and Leibmeistei”® (1905) eousideied the important 
agent to be the healthy intact intestinal mucosa, Bogendoifei"^ (1925) cer- 
tain substances (“baeteiaostanius”) Avhich could be extracted from the duodenal 
mucosa and Lowenbeig-" (1926) the secretions of the uonual duodenal mucosa 
Kendall, Day, Wallvei and Hauei-* (1927) in a bacteiiologic and chemical study 
of the duodenal contents obtained uitli a duodenal tube fiom 50 cases, appaienth 
normal as fai as the duodenum was concerned, leported that 52 per cent gave 
little or no giowth in cultuie media The remaindei vaiied fiom Aery mod- 
el ate giowth Auelding bacteria that were chemicallj inert except for acid 
pioduction, to heavy gronths suggestive of what might be anticipated foi 
specimens fiom the lower levels of the small intestine The authors do not 
state whether oi not the peicentages of HCl lu the gastiic sections of these 
cases were normal Recently Ricen, Seais and Donning-* (1928) haie re- 
ported on duodenal findings in 15 cases in ivliich there n as a normal or aboA e 
normal percentage of gastric HCl In 8 of these no gronths Aveie obtained 
from the mateiial collected by tube and in 7 onh- moulds or yeasts On the 
other hand, fiom 30 cases of achlorhydiia, similarly examined on a fasting 
stomach, positive cultures were obtained in each case B coli from 10, strep- 
tococci from 24 (nonhemolytic 22 strains, hemolytic 7 stiains). Staphylo- 
coccus albus or aureus from 9 and occasionally Pneumococcus, B alkahgmes, 
yeasts and diphtheioids These findings are, of couree, in confirmation and exten- 
sion of the reports of other investigatois on the duodenal floia in achlorhy- 
dria, particularly as associated with pernicious anemia Bogendorfer^^ (1922), 
Gorke^s (1922), Seydeihelm== (1923), Goldman*'* (1924), Julich**" (1925), 
OliA^et^- (1926), Knott=s (1927), Hoefeit** (1921) and Gorke*» (1922) found 
large numbeis and Aaiieties of bacteria in the duodenum of patients siiffeiing 
fiom gall tract disease Julich-® (1925) states that disease of the duodenum 
or gall bladder seems to be a predisposmg factor in the upivaid giOAvth of 
bacteria in the small intestine but admits that gastric achA'lia may be one of 
the causes On the othei hand Raue"” (1924) lepoits that cases of cholecys- 
titis and cholangitis may sIioav heaAw gioAvths of B coli in the duodenal 
legion in spite of abnormally high gastric free acid 

PURPOSE AND SCOPE OF THE STUDY 

In view of the conflicting opinions relatiA'C to the significance of cultures 
recovered by the Lsmn duodeno-biliarj’- diainage technic from the A, B and 
C bile fractions and the probable emplojment of such cultures for specific 
Aaccine therapA’- purposes it Avas thought worth while to cany out a critical 
bacteiaologic study of bile specimens so obtained in the ga'-troenteiology de- 
partment of the Cornell Clinic, Ncav Yoik City The majority of the speci- 
mens Avere obtained by one of us (M Lake) but for some of the later material 
Ave are greatly indebted to Dr J H Whaley The 105 cases of Tables I and 
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H represent patients vrlio liad been referred to tins department of tbe clinic 
for diagnosis, some of them being incipient and earlv cases of apparent in- 
volvement of the Tipper right abdominal quadrant in which gall bladder 
pathology was thought to play a role and others had been diagnosed as 
chrome cholecystitis Prom the preceding discussion of the literature, it 
would seem important in estimating the value of the Lyon bile drainage tech- 
nic as a means of bacteriologic studv of gall bladder or bile duet infection to 
gne due consideration to the factois which in themselves promote an unusual 
bacterial growth in the duodenum In ple^^ous studies we believe that in- 
sufScient attention has been given to tins point We have, accordingly 
grouped our cases under the several headings of normal gastric acidity, hyper- 
acidity, hypoacidity and anaeidity We endeaiored also to secure repeated 
bile specimens from as many cases as possible Further, a comparative study 
was made m a senes of 5 cases of the bactenal content of the duodenum and 
that of the “B” bile fraction to determine the likelihood of the contamina- 
tion of the dramed bile by the duodenal flora 

BACTERIOLOGIC METHODS AND DPAINAGE TECHNIC EMPLOYED 

At the clinic the special bactenologic apparatus and methods advocated 
by Lyon and Kolmer® were employed The former consisted of a Richardson 
culture flask which is prepared and used as follows a suitable sized Erlen- 
meyer flask (300 c c capacity) is fitted with a two-hole soft rubber stopper 
containing inlet and outlet right angle glass tubes arranged so that the one 
projects somewhat farther into the flask than the other, the longer not in- 
truding much over 1 inch This flask is drj* sterilized, the exposed ends of 
inlet and outlet tubes haiung been plugged with cotton-wool The stenle 
broth to be used is then poured into this sterile flask, 100 c c being ample, 
and the steiile stopper replaced securely and firmly wired into position with 
suitable soft copper wire As additional insurance of stenbtr, the filled 
flasks n ere placed in an Arnold sterilizer for ten minutes and after removal, 
cooling and drying, the cotton plugs in the inlet and outlet tubes were 
paraffined In addition to these culture flasks, the clinicians were also kept 
supplied with stenle 20 c c cotton plugged test tubes for collecting 3 to 5 e e 
of bile for subsequent seeding on various media 

The procedure prior to attempts at drainage of bile uas bnefly as follows 

1 Patients were instructed to present themseUes at the clinic at 9 a m 
on a tuchehour fasting stomach following a motor test-meal, having also 
been cautioned to brush the teeth thoroughly on this morning 

2 At the clinic thev were directed to gargle and nnse the throat and 
mouth thoroughlv with an antiseptic solution somewhat similar m composi- 
tion to ‘ Lai oris” (a proprietary preparation) followed by sterile water 

3 A fieshh sterilized duodenal tube was then swallowed and permitted 
to pass to the greater eimature of the stomach 

4 The fasting gastric residuum was extracted by graiitv or by svrin«>e 

aspiration ' - - = 

5 The stomach was then thoroughlv washed with sterile water anti 
septic solution and sterile water until the returning fluid was clear ’ 
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6 Fom oiiuces of steiile ivatei Aveie then nitiocliicccl tliiongh the tube 
in ordei to supplj the stomach Mitli a fluid to be emptied into the duodenum 
and thus encourage gastiic iieiistalsis to assist the tube into the duodenum 

7 Aftei secniing piopei placement of the tube, as shown bj fluoioscope, 
the duodenal contents ueie caiefullv icmoied, obseiiing definitely picsciibed 
precautions, and set aside foi stud^ 

8 The gall tiatts ucie then stimulated to eiaeuation of then fluid con- 
tents by instilling into the duodenum thiough the duodenal tube 75 c c of a 
33 pel cent lolumetiic solution (16 66 paits by u eight) of magnesium sul- 
phate at a Avaim tempeiatnie This solution is allowed to entei by graiity 
thiough the ban el of a sMinge The end of the tube is pinched to hold its 
siphonage and then attached to a diainage bottle Suction by bulb oi sviinge 
IS not applied unless the fluid docs not luu out under giavitv siphonage (under 
a piessuie head of 18 to 24 inches) and then onh bv a one ounce bulb 

9 ^Yheu bile begins to flou past the “window ” in the tube the collecting 
bottle IS changed and subsequent alteiations in the gross appeal anee of the 
bile aie followed also b^ changing the collecting bottle 

If no evidence of bile has been noted in washings fiom the stomach oi 
duodenum undei (5) oi (7), then a change fiom light coloied to a darker 
coloied moie concentiated bile is claimed In Lion and his follow eis to indi- 
cate gall bladdei bile, otlieiwise designated os “B” bile This fiaction is 
the one which was usualh submitted to us for bacteiiologic study (The 
“A” fraction is that which occupied the common and to some extent peihaps 
the cystic and hepatic ducts, wheieas the “C” fiaction is said to lepiesent 
bile haling its immediate souice in the livei cells without much oppoitunity 
for subsequent changes to take place before collection ) 

The Bichaidson flask was seeded In lemoiing the pai affined cotton plugs 
fiom the inlet and outlet tubes and connecting the moie deeply proiectmg 
one with the distal end (beyond wundow) of the duodenal tube in the same 
mannei as foi the collecting bottles, steiile picpaiations liaiing been made 
and similar piecautioiis obseiied tluoughout When thus connected twenty 
drops of the “B” bile fiaction were allowed to entei this flask, upon com- 
pletion of which the distal end of the duodenal tube w as slipped off the inlet 
tube of the eultuie flask and then 3 to 5 c c of the same fiaction collected 
by dripping it into a steiile test tube, steiile precautions being likewuse ob- 
sci ved 

Upon receipt of this mateiial at tlie laboiatoiv, the seeded eultiue flask 
was immediateh placed in the incubatoi and the specimen to be used foi 
seeding othei media in the lefiigeiatoi if not examined at once A film 
from the lattei was made to be giam-stained and examined micioscopieally 
The bioth used in tlie cultuie flask and also the plating nutiient agar weie 
made aceoiding to the wmll-known “hoimone" foimula devised by Himtoon^"’ 
and employed by Kolmei in his wmik wuth Lyon ® 

Our piimaii cultuies, then, fiora each drainage of the “B” bile fiaction 
as submitted from the clinic consisted of 
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1 One bundled cc of 1 pei cent glucose hormone bioth (Ph 7 4-7 6) in 
a Eichaidson cultuie flask seeded at the clinic at time of drainage with 20 
drops of the “B” bile fraction diiect from the diamage tube 

2 One 01 moie biomercsol pmple lactose agai plates P,, 7 4 suiface 
seeded from a 4 mm loop of the “B” bile fraction 

3 One 01 more glucose blood agai plates (Ph 7 4) surface seeded fiom 
a 4 mm loop of the “B” bile fraction 

4 Cooked-meat medium (Ph 7 4) seeded usually uith 0 5 to 1 c c of the 
“B” bile fraction and laseline sealed 

5 Hormone 1 5 pei cent agai containing 1 per cent glucose (Ph 7 4-7 6) 
foi pouied plates foi quantitative bacteiial counts 

Aftei eighteen to twentv-four hours’ incubation at 37° C all cultmes 
neie inspected Biomciesol purple lactose agai and glucose blood agar 
plates were surface seeded from the hormone broth flask, if anv evidence of 
bacterial growth was obseri able in the latter If not, the flask was returned 
to the incubator and examined again the following dav The surface seeded 
plates, if shoving grovth, were carefully examined for discreet colonies, of 
which the i arious tvpes were fished and subcultured into 0 5 per cent hor- 
mone agar tubes preparatorv to morphologic and difi;eiential study on sugar 
and other media The anaeiobic cultures (cooked meat broth tubes) were 
exammed moiphologicallv as soon as definite growth changes were evident 
using sterile Pasteur pipettes to penetrate the ia<-eline seals At the same 
time a biomcresol purple lactose agar plate was surface seeded from each 
and also a stab cultuie made into a 05 per cent hormone agar tube If gas 
formation was at all pionounced, a milk tube was seeded and vaseline capped 
for detection of B welchii 

Isolated streptococcus cultures were seeded into an ox-gall bile medium 
(dried ox gall 5 pci cent, peptone 1 per cent, and glucose 1 per cent) to test 
ability to grow m a bile environment Thev were also planted into diffeien- 
tial carbohydrate media, gelatin and other media necessary for identification 
Selected B coli strains were inoculated intiapentoneallv into white mice as 
a test foi virulence 

BICTEIUOLOGIC nVDrXGS IN' THE “b’ BU E FKA.CTIOVS 

In Table I is gnen a summaiw of the quantitative and qualitative bac- 
teiiologic findings togethei with othci relevant data in the 109 examinations 
on 100 cases upon which tins leport is principallv based Priman subdivi- 
sion IS made upon the basis of the acidity found to exist in the stomach at 
a tunc prior to setniing the specimen of bile through the duodenal tube 
The gioiipings in this respect aie as follows normal hv'po-, an- hvper- 
aculitv and unclassifiable for lack of a satisfactoiw gastiic analvsis Thirtv- 
lunc or sliglith over one thud of the biles from these 100 cases gave negative 
losults bactenologicalh no growth being obtained in any of the culture 
media emplovcd Of the rennunng 61 cases, 40 gave total bacterial colonv 
counts ranging from a few bnndred upward These latter are subdivided 
into two subgroups di pendiim on whether or not the total count on hor 
iiione agar platis was below or ibove 1000 colonics per c e of the undiluted 
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bile The balance of 21 cases, giving total counts langmg below one bun- 
dled, weie consideied of minor ^alue in this analysis and are accordingly 
not being leported in such detail as are the other 37 positne eases In each 
subgiouping yheie lepeated examinations of bile fiom the same patient was 
made, the findings aie brought togethei foi comenience of comparison 

In Table 11 the same data aie gnen for cases m which cultures were made 
fiom the duodenal content befoie washing out (D B W ) fiom the duodenum 
aftei n ashing out {D A'W ) and fiom the “B” bile The procedure in these 
cases yas the same as already described except that after collection of the 
duodenal content, steiile water was introduced and withdrawn until it le- 
tiiiiied cleai Then the magnesium sulphate solution was intioduced and the 
“B” bile specimen obtained in the usual way The object of this experiment 
was to compare the floia of the duodenum both qualitatnely and ciuantita- 
tiyely with that of the “ B ” bile 

In the following paiagiaphs, the data recorded in Tables I and II are 
analyzed in an attempt to determine whether the eultuiing of “B” bile is a 
dependable guide to the natiue of gall bladder infections and if the bacterial 
tj-pes ieeo\eied may be accepted as suitable for the pieparation of vaccines 
or if their souice is so indefinite as to make their use unwarranted The find- 
ings in oui senes of eases will be consideied from the following standpoints 

1 Relation of cultural findings to clinical observations Of the total 100 
difi:erent cases theie were 39 in the group yieldmg negative cultures and of 
these negative eases there weie 28 or 70 2 per cent in which the clinical tests 
indicated cholec\stitis Of the 21 cases which showed fewer than 100 bac- 
teria per e c in the bile theie were 12 or 57 1 per cent with clinical endence 
of cholecystitis Of the 40 cases in the gioups melding more than 100 bac- 
teria per e c of bile theie were 31 oi 77 5 pei cent in which the clinical find- 
ings weie positne foi cholcc% stitis oi at least suggested its possibility There 
was accordingly no con elation between clinical emdenee of gall bladder dis- 
ease and quantitatise baeteiial findings just as high a percentage showed 
stenle bile in cases eliniealh suggestnc of gall bladder diseases as showed 
high baeteiial counts Of the 21 eases showing less than 100 bacteria per c c 
of bile there weie 6 which melded stieptococcus and of these 4 resembled oral 
tiyies which might ha\e been brought down thiough swallowed salna and 2 
weie Streptocoeeus fccalis, theie weie 2 biles melding eoliform organisms 
and 3 staplnlococeiis 2 of them albiis and 1 citreus In the icinaiiiing nine 
eases in which organisms were recoceied the types found were clearly sapro- 
phytic Of the gioiip of 40 eases melding oAcr 100 bacteria per cc, there 
weie 21 melding streptococcus cnltuies of one ti-pe or another Difte'rential 
cultural tests (Ilolman's classification^ indicated that 21 of the total 27 
stieptococcus strains isolated were of oral origin mz 7 sain anus 7 niitis ‘> 
cquinus, 1 snbacidiis and 3 not dcfiniteh identified The reraainiii" G com 
fonned to intestinal type'—Streptococcus fccalis (enterococcus) Onh 5 of 
these strains were able to grow in the 5 per cent bile medium mz 3 Strepto- 
coccus fccalis and 2 'streptococcus salnariiis Xo franl ly heraohtic types' 
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were found A few were alpha-prime and gamma as regards the changes on 
blood agar (Bionn’s classification) hut most alpha (vmdans) Fifteen eases 
jielded coliform bacilli and of these 12 were tvpical fermenters with gas in 
lactose and othei differential caibohydrates while 3 did not split lactose or 
formed no gas The B aerogenes or the allied B laetici-acidi were present 
in 10 cases and B coli communis in only 3 A number of B coli strains were 
tested for virulence by mouse inoculation hut all yielded negative results 
Where members of colon group were found at all the count was high 

Of the eases with over 100 bacteria per c c m the bile, there were five 
which yielded staphj'locoeei, in pure culture m 3, and mixed with streptococci 
in 2 All the former weie the albus tvpe 

Correlating the aboie bacterial findings with cbnical diagnosis we find 
that of the 19 eases positn e for one or another t-vpe of streptococcus, there 
were 13 for which the clinical history and findings indicated gall bladder dis- 
ease although the Graham test was not positn e for all In 3 of these, how- 
ever, the bde examined was apparentlv not the “B” fraction On the other 
hand there were 6 cases aU yielding “B” biles from which similar types of 
streptococci were isolated for which neither the clinical history nor findings 
indicated gall bladder disease This would suggest that the streptococcal 
types found in drained bile are more bkely to have had their origin in the 
intestine or the bile ducts rather than the gall bladder This view is further 
substantiated by the fact that the stieptoeoceal types found were mostly oral 
types, such as sabvarius, which are seldom associated with pathologic proc- 
esses, or fecal types (fecabs enterococcus) of which the same may be said 
The biles yielding B cob w ere in a much higher percentage associated with 
gall bladder pathologv than were those carrving streptococci Eight of the 
9 cases positive for B cob or SS 8 per cent were cbnicaUy cholecystitis whereas 
only 46 1 per cent of the streptococcus-positive cases were so correlated This 
might mean either that the finding of B cob m “B” bile carries with it a 
greater assurance of gall bladder ongm than does the streptococcus or that 
B cob are more apt to be present m large numbers in the duodenum with 
gall bladder pathology, as has been claimed by Eaue Repeated drainages, 
as will picsentlv be indicated, fa’ior the latter mcw Staphylococcus albus 
IS an oiganism of such feeble pathogenic propensities that we feel its presence 
in drained bile may well be considered of no significance and the same mav 
be said of the great \arietj of other gram-positne coccal tvpes which did not 
conform morphologicalh or culturally with the recognized pathogenic repre- 
sentatncs of this group 

Finallv the bile fractions submitted for culturing may be distributed 
among the following three groups (a) satisfactorj- “B” portion, (b) doubt- 
ful “B” portion (c) no “B” portion This is based entirely on cbnical ob- 
seriations at the time of drainage and, as is indicated m Table I, the number 
of satisfactorv “B” portions was approximateh double the number of the 
other two groups combined for the patients gnmg positn e bacteriolo-ic find 
mgs The cultural results howeier showed no consistent and distinctive dif- 
ferences for these three classes 
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2 RELATION or THE CULTURAL FINDINGS TO GASTRIC ACIDITY 

As has been stated the floia of the Imnian clnodeniim is geneially much 
iiehei, both as legaids numbeis and types, uhcie gastiic acidity is below noi- 
mal 01 absent, than when conditions aie noinial in this lespect Accordingly 
if baeteiia in the diaiiied bile u eie deincd in pait oi u holly from its passing 
thiongh this legion in the piocess of collection one might expect liighei counts 
fiom cases of this t'vpe than fioin those in which gastiic aciditA is iioimal oi 
aboie noiina] Oui findings as repoitcd on this basis in Table I aic to a cei- 
tain extent consistent with this hypothesis The combined figmes foi bile 
specimens fiom 35 cases yith gastiie anaeidity oi liApoacidity Melded biles 
111 uhich the bacteiial count pei cc uas aboic 100 numbeied 17 oi 48 6 pei 
cent uheieas those fiom 44 eases with noimal gastiic acidity or hiperaciditj 
gai e counts pei c c of bile above 100 in 341 per cent In the foimei gioup 
stieptoeoceal tipes of possible oial origin (sain anus, mitis, ignaius, etc) 
weie also somewhat moie fiequentlA eneounteied than in the lattei 11 tunes 
in 17 cases as eontiasted Mith 6 tunes in 15 cases in the noimal oi aboie noi- 
mal gastiic aciditx group In the expeiiencc of one of us ( J C T ) and that of 
otlieis these aie the tipes which aie fiequenth found in mateiial fiom the 
duodenum in connection nith aelnlia gastiiea 

3 CULTURAL FINDINGS IN CASES REPEATLDLA EXAAHNED 

Theie aie six cases lecoided in Table I, in nhich more than one specimen 
of “B” bile nas examined bacteiiologicalli and at laiious time iiiteiials 
Logically, if the baeteiia in the bile aie those causing the cholecystitis one 
might expect that the cultural results would be consistent with a specific in- 
fection This honeiei, nas by no means alwais the case In gioup I, for in- 
stance, the fiist diamage Mclded a puie cultuie of B coli communis but the 
second taken fifty-two dais latei a pine giowth of B lactis aeiogenes Group 
n in the fiist diainage shoned Stieptococcus fecalis, but in the second, pei- 
foimed nine dais later, only Stieptococcus iiiitis was isolated fiom both the 
plates and the culture flask Gi oup III consistenth on both occasions yielded 
B laetici acidi Group V in diamages peifoimed foui months apait yielded 
entiiely difteient tipes of stieptocoeci and group VI difleient ty^pes of B 
coll Baitle^’^ explains such diieisiti in findings fiom lepeated examinations 
of a single case as due to a multiple infection of the gall bladdei, but it would 
seem quite as logical to asciibe them to changes in the bacteiial tjpes piedonii- 
nant fiom time to time in the duodenum and jejunum and hence certain bac- 
teiial tiqies might be picked up dining the drainage piocess at one time and 
others at anothei These repeated drainages Melded one quite consistent 
finding and that of a quantitatne nature if high bacteiial counts ueie ob- 
tained in one examination the same nas likelj' to occur at subsequent exami- 
nations 

4 CULTURAL FINDINGS FOR THE DUODENmi AND THE HOMOLOGOUS “b” BILE 

The data assembled in Table n demonstrates cleailj that one is not justi- 
fied m assuming that the bacterial types isolated from the “B” bile were 
denied from the gall bladdei In these five cases, as st.ated in a piecedmg 
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paragraph, samples fiom the duodenum before and after vrashing that region 
were obtained and then one of the “B” bile Two of the patients showed sub- 
normal gastiie acidity, while foi the other tliiee no gastric analvses were 
made In Case 134 a Staphvlocoeeus albus in high count was the only finding 
for all three specimens In Case 123, B eoli and B welchii were lecovered 
from the duodenal content and the “B” bile The onlr difference in the find- 
ings lav in the fact that the B coli of the duodenum conformed culturallv to 
communis whereas that of the bile to communior It seems probable that if a 
considerable number of colon colonies had been fished and identified that both 
of these types might have been found m each specimen In Case 124 we have 
almost exactlv the same findings foi the duodenal content and the “B” bde. 
Streptococcus equinus and another nonhemolytic streptococcus of identical 
type in each Case 128 yielded gram-positive and giam-negative unidentified 
cocci for both the specimens of duodenal content In the “B’ bile these were 
not found, but from it a diphtheioid-bke organism was isolated Case 136 
nelded no grov th from the duodenal content before washing, a Staphvlocoe- 
cus albus and a viiidans stieptoeoecus of indefinite nature from the “B” bile 
In three of these eases the findings in the “B” bile weie thus practically the 
same as foi the duodenal content and m the other two the organisms recov- 
ered were strongly suggestne of mouth origin m all three specimens In no 
instance was any organism of piobable pathogenic natnie isolated from the 
“B” bile which had not also been found in the “before washing” or “after 
washing” duodenal specimens The colonv counts also indicate that even 
after the duodenum has been washed with sterile water until the fluid is re- 
turned clear theie are enough bacteiia left in the region of the bile duet open- 
ing to account in many instances for the numbers and ti-pes of bacteria found 
in the “B” bile In two of the patients Cases 128 and 134 the tvpes recov- 
ered suggest dernation fiom swallowed saliva while in the othei three the 
organisms constituted the floia of the duodenal drainage field with possible 
accessions fiom lower lei els through reiersed peiistalsis incident to the 
irritation caused by the presence of the duodenal tube tip 

5 COMPVRISON OF “b” BILE B4CTERUI FINDINGS WITH PEPORTS FOP INFECTED GALL 

BLADDEPS 

In Table III we haie assembled fiom lecent literatme data m regard to 
the bactenal content of the gall bladdei as determined for operated eases 
Our immediate pui-pose in tabulating these findings was to eompaie them as 
regards tcpes of baeteua found and then lespective percentages of incidence 
with those which aie leported foi ‘ B’ bile in this aiticle and also bv Lvon 
and Kolnicr'' and In Baltic ” Fust as legards stenlitv of the bile in patients 
operated upon foi gall bladder disease both acute and chronic, we find that 
of the total 780 e\ammations including all rcpoits in winch lo 'or more cases 
were nncstigated there was an aieiage of 66 per cent sterile with a lan^e of 
45 per cent as i eported In Rosenow to 8S per cent as found bv Wilkie In the 
Leon and Kolmer senes the drained “B ’ bile was found sterile m 45 per cent 
ol instances in a sines of 200 lonsecutne cases reported on In Bmle there 
were onh 10 per cent sterile “B biles and in our senes 39 3 per cent I 
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this total of 364 cases m "tthich the dianicd bile was examined bactenologically 
tlieie "SI as tluis an aveiage of apinoxiinatcly 33 pel cent which were found 
sterile oi one-half the average lepoited foi gall hladdei bile This would indi- 
cate, then that, assuiiiiiig all the “B” biles ucie deincd from the gall blad- 
dei, the bacteiia in at least one-thiid ueie added to the bile duiing the 
piocess of diainage eitliei fiom aboi'c oi below the diainage aiea in the intes- 
tine 01 fiom the hepatic ducts This table also brings out the fact that with- 
out exception wheie both the gall bladdei wall and bile neie examined bac- 
teiiologicalh , the foimei iielded the highei peicentage of positive cultures 
with an excess of positives for wall o^el bile laiiging from 24 (Biauch) to 73 
(Willvie, submucosa) pei cent Illingsn oitli^" in commenting on his cultural 
findings makes the folloning statement nhieh is applicable to a greater oi 
less degiee to most of the otliei lepoits included in the tables “In lelation 
to diagnosis the investigation heic leeoided is of inteiest as it affects the 
Meltzer-Lyon test, foi, in new of the oteuricnce of uninfected bile in 60 per 
cent cases it seems obnous that a negative bacteiiologic finding in this exami- 
nation must be of no significance and in fact it does not eien exclude the 
piesence of gioss gall bladdei disease ” To nhieh on the basis of our find- 
ings foi diained “B” bile we niaj’' add the conclusion that positiAC bacteiial 
findings foi this mateiial in no wa^ pistifics the assumption that the oigan- 
isnis lecoveied came fiom the gall bladdei IVilkie^* found furthei that the 
streptococci lecoieied from the submucosa of the gall bladder weie inhibited 
and iiltimatelv Inlled by the bile taken fiom the same gall bladdei Hence, 
he concludes, it is unieasonable to expect to find the infecting stieptococcus 
m di allied bile He found also that a fai higher peicentage of streptococci 
could be lecoveied from the cystic hunpli gland which diains the entire sub- 
mucous and oiitei coats of the gall bladder than fiom the bile, his cases yield- 
ing 86 per cent positne findings for the foimei as against 4 pei cent for the 
latter 

This Table III also leieals that 7 out of 8 of those who made qualitative 
bactenal studies of the gall bladdei bile found B coli inoie fieqiiently than 
streptococci, but the leieise nas true foi the gall bladdei wall In our senes 
of cases, howeiei, streptococci weie more fiequentlj lecoimied than B coli 
from the “B” bile with the lespectne peicentages of positive findings of 
442 and 28 These differences in prevalence of types in gall bladder bile and 
drained “B” bile further add to the uncertaintj as to the origin of the 
organisms found in the latter 


CONCLUSIONS 

1 A leport IS gnen on the bacteiiologic findings foi bile lecoveied bj^ the 
Lyon Technic in 100 consecutive cases The folloiving conclusions are diawn 
We are unable to establish any satisfaetoiw coiiespondence between bac- 
teiial findings for the diained bile and clinical tests for cholecj stitis Just 
as high a peicentage of cases clinically suggests e of gall bladder disease 
yielded sterile biles as high bacterial counts 

Of the various types of bacteria recovered B coli was found to be much 
moie frequently associated with positne tests for gall bladder pathology than 
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vt eie streptococci It seemecl probable that tbe latter at least, ivere frequentlj" 
present as contamination of tbe diamed bile tluongb contact witb swallowed 
sain a oi from tbe floia of tbe duodenum This conclusion was substantiated 
by tbe fact that fiequentiv tbe t-cpes recoseied could not tbn’ie m 5 pei cent 
bile, peptone bi oth 

In 6 cases in which more than one specimen of drained bile was examined 
at lanous time mteiials theie ivere 4 in which the findings were not consistent 
for an assumed specific infection of the gall bladdei This suggests an extra- 
hepatic ongin of the bacteiia 

In 5 eases in uhieh the duodenal floia uas determined before and 
after washing with sterile water and then compared with that of the “B” 
bile it was found that there was sufficient lesemblanee to warrant the conclu- 
sion that the bile might haie derived its organisms either from the duodenal 
flora 01 from su allowed saliva This applies not only to streptococci and 
staphvlocoeci but also to B coli 

The above facts and also a companson of our baetenologic findings and 
those of others for “B” biles with similai reports in the literature on direct 
culture of gall bladder bile at opeiation show certain inconsistencies which 
justify great hesitancy in making use of bacterial cultures isolated from 
drained bile in the preparation of autogenous vaccines 
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A SUEVEY OP INTESTINAL PROTOZOA A^^IONG CHILDREN 

IN ST LOUIS® 


By H TsucHrrv ScD St Lolis, Mo 


T his sul^ev was undei taken with the view of determining primarily inci- 
dence of intestinal protozoa among 362 white children m St Loms as com- 
pared with that found elsewhere, and second to ascertain if there existed dif- 
ferences in the incidence undei varying conditions w ith respect to the general 
state of health and environment of children The subjects were therefore 
taken from tliiee distinct gioups The first gioup consisted of 164 inmates of 
two orphanages (110 in one orphanage and 54 in the other) A great majoritv 
of these children weie appaientlv healthv indmduals Hvgienic conditions 
in the first orphanage were howeier, much inferior to those in the second 
where paiticulai emphasis is laid on sanitation and personal habits The 
second gioup was represented bv 156 patients of two hospitals for convales- 
cents (51 in one hospital and 105 in the other) These children were still 
under periodic supemsion of attending phvsicians, and most of them were 
suffering from vaiious chronic ailments Conditions with respect to hvgiene 
and sanitation were up to standard m both hospitals The third group con- 
sisted of 42 hospital bed-patients sufi:enng fiom acute illnesses and these 
children were under constant caie of phvsicians and nurses 

In many instances positive findings were secured on the first examination 
When the findings were iiegatne, howevei, the second specimen was secured 
but in no case was the examination made more than twice Each sample of 
stool was examined seieral times and if evsts were not found bv ordman 
method Rua’s modification* of the ether-acetic acid concentration method 
was used to verifi negatn e finding Direct smears w ere prepared from each 
sample of stool and emulsified in normal saline, Gram-iodin and 1-10000 aque- 
ous eosin solutions respectiveh The culture media such as Hogue’s ovo- 
mucoid mediunr and Boeck and Drbohla^ ’s medium'* were used whcnei er 
ncccssari Permanent slides were prepared of all positnes by the Heiden- 
liain iiou-hematox\lin method and were utilized for a final diagnosis whenever 
It was difficult to deteimine with ceitainti the species present in direct smears 
As show 11 in Table I the incidence of intestinal protozoa among children 
as influenced he the general state of health seemed to show no significant 
differences among the three gioups If the general state of healtirwere a 
determining factor, lower incidence should haee been found m the first "Toun 
(healthv childien) than in the othei groups which included children whose 
Mtahtc was low We found howecei tint the healtln children in one of the 
oiphan agcs (A) showed the highest percent ige of infection, while the lowest 
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incidence occuiied among sick cliildien iii tke third group Furthennore, 
theie was no mixed infection found ui the latter group while in the former 
the incidence of such was surpiTsinglv high and in sei en out of nine instances 
E histolytica was found On the other hand, the second orphanage (B) where 
a rigid hygiene piogiam is niaiiitained showed a conipaiatiiely low incidence 
Of the total of 362 childien examined in 120 (33 09 per cent) the infec- 
tion was limited to one piotozoan species, in 37 (10 22 per cent) a double in- 
fection was found, while in 11 children (3 07 pei cent) a triple infection was 
noted Among the intestinal protozoa, the incidence of Giaidia lamblia was 
the highest, with the following species appearing m older of frequency, End- 
ameba eoli Chilomastix mesnili, Endoliniax nana, Endameba histolytica, 
lodameba uilliamsi and Trichomonas hominis In the majoiity of mixed in- 
fections Giaidia lamblia was associated with either one or two other protozoa, 
of which Endameba eoli was found most commonlv 

The present survey leiealed one of the highest incidences of intestinal 
piotozoan infections among children reported lu this countrv This mar be 
accounted for by the geographic location of fet Louis In this study the inci- 
dence of Giaidia lamblia (27 3 pei cent) was lower than that reported fay 
Boeck‘ in a suner of an industiial school for bojs and girls (49 3 per cent), 
and that reported bv Hill and Hill-’ among clnldien in Porto Eico (47 2 per 
cent), and was consuleiablv higher than those of Maxcy® (15 7 per cent), 
Tansmsm" (13 pei cent), and others If m this study the number of examina- 
tions per child had appioached that of Boeck (5 3 examinations per child) 
instead of being limited to two examinations, the incidence probably would 
hare been found even higher The incidence of Endameba coii was signifi- 
cantly greatei m this sunei than m most of the others reported IVhether 
G lamblia and E coli can establish themsehes in the intestine of children 
moie leadily than other piotozoa oi whether their wider natural distributions 
m this locality are responsible foi the gieatei incidence is difBcult to deter- 
mine from tins study It mai be suggested, bower ei, that children are con- 
stantly exposed not onh to the possibiliti of <-inglc oi mixed infection, but 
also to auto-reinfection In same protozoan species The incidence of Endameba 
bistoljtiea in tins sciies was not high as compaied with some of the survers 
made elsewhere The scaicitr of Tiiehomonas homiins in this study seemed 
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A CoMPOsiiT T\bi,e Showing Age Uistpibitions or Ppotozow IsrEcnoNs or Intestiwl 
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to be due to comcideiice latbei than to the types of samples lecenmd oi the 
metliod employed foi its detection As a mattei of fact, a gieat majoiitj’' of 
these specimeps ^^ele exammed uitliin a feu liouis aftei eollection and some 
of them immediately Moi cover, Hegnei^ claimed that Tuchomonas homims, 
when kept at room tcmpeiatuie, exhibited no appaient diminution in nnnibei 
foi the first few hours 

The ages of childieu in this sur\ey langed fiom one to sixteen yeais, and 
weie tentatl^elv placed into file gioups one to thice, font to six, scacu to 
nine, ten to twehe and thiiteen to sixteen ycais old A lelatnc fiequencj of 
the intestinal piotozoa based on age distribution is shoiiii in Table II 

The highest incidence of intestinal piotozoa was found among children 
of age-gioup seien to nine veais nitli the folloiiing gioups appearing in ordei 
of then fieqiieiicj', ten to twehe, four to six, thiiteen to sixteen and one to 
thiee jeais old In all instances, the nicidenec was Inghei among bojs (111 
positne out of 213) than among gnls (57 positiie out of 149) 

Faust® believes that except foi infections with Giaidia theie is a definite 
mciease in the protozoan incidence fiom childhood to middle age The pres- 
ent repoit shows a sudden fall in the incidence of all the piotozoa as childien 
became oldei Thus, an apparent fall was obseiied in the gioup of childien 
fiom thiiteen to sixteen lears old A gieatei incidence among children be- 
tween foni and twehe yeais old may be explained by the fact that these chil- 
din come in close peisonal contact with then playmates, some of whom aie 
undoubtedly cameis of intestinal piotozoa Iiiespectne of the geneial state 
of health of indniduals, they may become caiiieis, if sufSciently exposed to 
an infection by ingestion of cysts oi trophozoites with food oi dunk 

As healing on the question of pathogenicity of these piotozoa an attempt 
was made to ascertain the pieialence of constipation or diniiliea among the 
mfected childien Despite the fact that diaiihea has been considered by 
many as a eaidinal symptom of intestinal protozoan infections, no con elation 
seemed to exist between intestinal piotozoa and diaiihea in this study Thus, 
eyen among children who liaiboied abundant ejsts of Bndameba histolytica 


Tablu m 

The Ixcideace of Iatestiml Protozoa is Corkelatlo Wirn Dimv Habits of 105 
Children in Group II D (Conialrscents) 
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theie lias no liistoiv of dianlica, neither was there anj diarrhea accompany- 
ing the presence of Giardia lamblia This may be explained by assuming that 
a gieat ma^oiity of these childien weie “carneis,” since in none of them was 
there the symptom that has been referred to by many as chaiacteiizing the 
piotozoan infections of intestinal tract 

Of the total 105 childien examined, 65 were negatne for protozoa, 52 had 
a leeord of noimal bowel moiemeiits, 12 were constipated, and 1 had diarrhea 
Among 21 children harboring G lamblia, there were 15 had a record of normal 
mocements and 6 tended to be constipated and no cases of diarrhea In two 
instances of E histolytica associated w ith other protozoa the moyements were 
reported to be regular Moreo\er, the presence of a large number of pro- 
tozoan Cl sts in one examination of stool does not seem to indicate the seyerity 
of infection, as theie is constant fluctuation in the number of discharged cysts 
of intestinal protozoa fiom day to day as has been lecently reported by me'® 
on Giardia lamblia 

SUXIMART 

1 A suney of intestinal protozoa was conducted among thiee distmct 
gioups of white children in St Louis under ^arylng conditions with respect 
to their general state of health and sanitaiy emiroument Of 362 children 
examined, there weie 164 healthy inmates of two orphanages, 156 patients 
from two hospitals foi eouxaleseents and 42 patients from a hospital for 
acute lUnesses 

2 Among the healthy children in one of the orphanages (A) where per- 
sonal hygiene was not sufSciently emphasized, the incidence was much higher 
than among sick children temporarily confined m the hospital On the other 
hand, in the other orphanage (B) wheie a iigid hygiene was enforced, there 
was a very low incidence This indicates that iriespectne of the general 
state of health of childien, sanitary and hygienic concbtions play an impor- 
tant role in the transmission of the protozoan infections 

3 The age-groups showed that among children between se^en and nine 
years, the incidence was the highest while the lowest was between one and 
three jeare A lery low incidence was obsened among children between 
tliiiteen and sixteen %ears old indicating a fall m positne instances as ehil- 
dien become oldei The iiicideiice was highei among boys than among girls 

4 Theie was no con elation between the piesencc of intestinal protozoa 
and dianliea As a matter of fact tliere was no single case of diarrhea amon" 
those positne (40) for protozoa, with one among those negatne (63) This 
ma^ be accounted foi b^ the fact that a great majontc of these children were 
cairieis of canons intestinal protozoa 
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BIOCHErillCAL AND PlIAEIilACOLOGIC STUDY OF QUININE 
BI-SALICYLO-SALICyLATE® 


B\ MATTnL\\ SxTEb, Pn D , Aurld Golrnlr, M D , and Frank L IlAuri , M D , 

Brooked X, N Y 


INTRODUCTION' 


T he saliCAlates and quinine compounds are among the most c\tcnsivcly 
nncstigated drugs, both e\pcnmentallj and clinicallj During the past 
half centuij or moic man^ compounds of saht\lic acid and of quinine ha\e 
been intioduccd to the medical public, but none is of moie peculiar interest 
than this lecentlv pioduced compound of quinine and saljsal (quinine bi- 
salicAlo saliCAlate) The neaiest approach to this compound that had formcrlj 
been made is quinine salicylate, vet, the two compounds arc quite different m 
then chemical propeities and in their physiologic leactions Peihaps, the 
most impoitant difteiciice betneen the tyyo compounds is then reaction in acid 
media such as gastric luice Quinine salics'lntc In di oh res in the stomach into 
quinine and salicylic acid, and, therefoic, on digestion e\hibits all the un- 
toyyaid icactions of fiec salicylic acid Quinine bi salicylo-salicjlatc In’dro- 
lj/e'5 ni the stomach into quinine and salicylo salicylate (saljsal) Noy\ this 
salicylate compound yyhich may be considered a salicyl ester of salicjhc acid 
IS piacticalh insoluble in acid media such as gastiic juice and hence does not 
liberate fiee salicylic acid in the stomach It is therefore yery much less irri- 
tating during the penod pist folloyying ingestion than quinine salicylate 
Ilanrhck and Piashot shoyyed tliat salicylo silicy late {‘ahs<il) passes through 
the stomach unehanged, and that it is only aftei it reaches the alkaline me- 
dium of the intestines that s.ilicylic acid is libeiated, and after that absorp 
tion sloyyh takes plate In othei yyoids, the alkali of the intestines lijdiohres 
the salicylo salicylate into free salicylic and then conyerts it into sodium 
salicylate, yyhith is soluble 


Tlie chemicnl tliaiacteusf ics of quinine In salicylo salicylate may be 
biiefly listed as follows It is a yyliite, odorless crystalline substance haying 
a slightly hittei taste It is piactitalh insoluble in water, but in acid media 
such ns gnstiie uiice it sepaiates into quinine and salicylo salicylate The 
quinine content (\picssed as quinine USP III„0 is 4,') 1 per cent (quinine 
salicylate contains 78 0 pei tent) q'he salicylic acid content is 65 8 per cent 
(quinine salicylate contains 28 7 pei ctnt) 


The physiologu actions of quinine and salicylate acid are known to oyer- 
lap 111 in my lespects but it is eyideiit that their similar effects arc produced 


•1 rt>m tin I>i pirtMii nt of Plaloslnl CIh 
for piibUr-vtlon MnN * 
tJ 1 h'\rin 1 \py r Tlortp -f fl 


1 I ind CoIUs. of M.-Ucint 
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m cliffeient manneis Quinine acts as a stimulant to tbe neivous system, it is. 
a slight lespiratoiy stimulant and a depiessant to the cii dilation, it lessens 
the amehoid movement of the vhite coipuscles, it possesses a mild antiseptic 
action, and it reduces fcACi by diminishing heat pioduction by a penpheial 
depression of nitiogenous metabolism In other ivoids, quinine affects the 
geneial metabolism of all foims of piotoplasm, and in large doses acts as a 
general protoplasmic poison .Salicilic acid, on the other hand, is stated to 
exert its beneficial theiapeutic influence tluough its specific antiseptic effect 
and it 1 educes feiei by inci easing heat dissipation 

From the aboie lemaiks, it is CMdeiit that this new compound, quinine 
bi-salicvlo salicjdate, should be useful whenci ei combined qiunine and sali- 
cylic medication is indicated, partieulaily in painful and fcbiile diseases, such 
as rheumatism, tonsillitis, influenza, and ueuialgia 

The object of the piesent studi was to detenniue tlie biochemical propei- 
ties and phaimacologic action of this compound as compaicd iiitli analogous 
experimental quantities oi doses of quinine in the foims of quinine sulphate 
and quinine salicslate, and salieyl in the foims of sodium salicylate, salicylo- 
salicylate, and qumine salicylate, etc 

SOME CHEMICAL REVCTIONS OF QUININE BI-S VLICYLO SALTCl. L ATE 

1 Aqueous suspension of quinine bi-salicylo-salicy late + FeClj solution 
(salicylic acid test) = light purple The coloi intensified on standing 

2 Aqueous suspension of quinine bi-salicylo-salicylate + dil IICl solution 
and heat, then neutialized and tieated with FeCls solution = puiple color 
The reaction, howevei, was only slightly moio positne than that obtained in 
Exp 1, theieby showing that dilute In drochloiic acid is not a good hydioliz- 
ing agent foi quinine bi salicvlo salicjlate 

3 Aqueous suspension of quinine bi-salicy lo salicy late + NaOH solution, 
plus heat, then neutialized and tieated with FcCl- solution = intense purple 
color It IS evident that Indioljsis Ma*? good and that sodium salicjlate was 
formed Of couise the neutializing of the mixtuie libeiated free salicylic 
acid 

4 Aqueous suspension of quinine bi salicj lo salicylate plus very dilute 
HoSO^ solution, plus heat, plus alkaloidal reagents juelded the usual alkaloidal 
precipitation 

5 Aqueous suspension of quinine bi-salicy lo-salicjdate on filteiing and 
treatmg the filtrate with alkaloidal leagents gaye the usual pieeipitate 

6 Some of the filtiate fiom Exp 5 on treating with dilute H2SO4 became 
fluorescent (quinine leaction) 

7 Quinine salicylate plus ivater, plus FeClj solution gaie a daik puiple 
coloi immediately 

8 Acetylsalicylate plus water, plus FeClj solution gaie a daik purple 
color immediatelj^ 

9 Qmnine bi-salicylo-salicj late on treatment ivitli ether leaves a lesidue 
Mhich gnes a dark puiple color on treatment vuth FeClj solution 
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10 Qiunine bi-salicylo-salicylate is readily soluble m cold cblorofonn and 
m hot acidified alcohol 

11 In aqueous solutions of ^arylng Ph it was found that quinine hi- 
salicrlo-salicvlate is most soluble in alkaline solutions of about Ph 10, nest in 
acid solutions of about Ph 2 and least soluble in solutions of Ph 7 

DIFFUSIOX OP QUISTNE BI-$ALICYLO-S \LICYEATE THP0U6H COLLODIOX SACS AT 

DIFFERCXT Ph 

Ench sac contained 1 gram of quinine bi salicilo sahcjlate plus 20 c c of ivater of the 
varving Pa indicated below, and was allowed to diffuse into water of the same Ph 


Table I 


TIMB 

TESTS 

Pir 1 

Pn 2 

Ph 3 

p£J 6 

Pn 7 

Ph 8 

Ph 10 

15 min 

FcClj test 

“ 

“ 

- 


- 

- 

_ 


, Aik ppt 

- 

- 

“ 



_ 

- 

30 min 

FeCI, test 

- 

- 

- 

— 

- 

— 

- 


Aik ppt. 


- 

_ 

- 

- 

- 


1 hr 

FcCl, test 

- 

- 

- 

— 


— 

- 


Aik ppt 

- 

- 


c- 

- 

- 

__ 

2 hr 

FeCl, test 

J. _ 

JL ~ 

X^ 


_ 

- 

X 


Aik ppt 

- 

- 

- 


- 

— 

_ 

3 hr 

FeClj test 


X. 

X 

x.^ 

- 

-- 

— \ — 


Aik ppt 

— 


— 

— 

— 


«. 

6 hr 

FeClj test 

0. 


- 

- 

- 

X 

x^xx 


Aik ppt 

X 

X 

X 

X 

X 

- 

x». 

24 hr 

FcCb test 

X 

— T — 

— X 

X 

- 

— 

X-.X. 


Aik ppt 

— a- 

— 

X ^ 

-- 

- 

+ 

— 

It will be noted that 

diffusion 

was greatest at Pn 

10 and 

next at Ph 

o 



DIFFUSIOX OF QUIXlXE BI-S VLlCYLO-SALICAL VTE IX THE PRESEXCE OP PPOTEIX 

SOLUTIOX AT VARIIXG Ph 

Each diffusion sac contained 1 gram of auinine bi salicrlo salicrlate suspended m 20 
cc of water of different P„ plus ice of a saturated solution of egg albumen The dif 
fusion was into solutions of the same P,, 


Table II 


TIME 

TESTS 

Ph 1 

Pn 2 

Pn 3 

Ph 6 

Pn 7 

00 

Pn 10 

15 min 

FcCl, test 

— 

— 

— 

— 


— 



Aik ppt 

- 

_ 

— 

— 


_ 


30 min 

FcCl, test 

- 

- 


— 





Aik ppt 


- 

- 

— 

_ 



1 hr 

FcCl, test 

- 

_ 




- 



Aik ppt 

- 

- 

— 

— 




2 hr 

FcCl, test 


— 

— 

— 





Aik ppL 

- 

- 


— 




3 hr 

FcCl, test 

— 

- 

x — 

— 


X — 



Aik ppt 

- 

- 


— 

__ 



C hr 

FeCl, test 

T 

— 

- 

— 

_ 



x — 


Aik ppt 


- 

X 





24 hr 

icCl, test 

— 

-- 

X 


— — 




Aik ppt 

- 

_ X 

X 

X 

__ 



4S hr 

IcCl, test 

^ ^ -X. 

— 



— 


— — X-^ 


AW ppt 

— — — 


— 


-- 

-- 

— — XX 


nijumi.i uwv' lioi, intcricrc With the h\drol\si= and diffi >=mn 
of qmn.ne b. cai.cilo .ahevhte, le the results are practicallr the came as tho'se obtained in 
tlie priMous table lu 
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DIALYSIS OF QUININE SULPHATE PLUS SODIUM SALICILATE FROJI SOLUTIONS OF 

DIFFERENT Ph 

Each diffusion sac contained gram of quinine sulphate plus gram of sodium 
salicjlate dissolved in 20 c c of irater of different Pji and ucre diffused into solutions of 
the same Pn 


TlBIiE III 


TIME 

TESTS 

I’ll 1 

p„ 2 

p„ 3 

Ph G 

Tn 7 

r„ 8 

p„ 10 

15 min 

FcCl, test 

- 

+- 

+ 

4 

4-4-4* 

4 

- 


Aik ppt 

- 

- 

— 

- 

- 

- 

- 

30 min 

PeClj test 

- 

+++ 

+ + + 

4-4- 

44-1-4 

44 

4 


Aik ppt 

- 

- 

— 

— 

- 

- 

- 

1 hr 

FeClj test 

+ - 

++++ 

4- 4* 4- 4" 

4- 4- 4* 

4x44 

4-4*4* 

4* 


Aik ppt 

- 

- 

— 

- 

- 

- 

- 

2 hr 

FeClj test 

X 

++++ 

+ + H- + 

4-44-4- 

44-1-4 

4444 

4444 


Aik ppt 

+ 

4* 

+ 

4* 

- 

- 

— 

3 hr 

FeCl, test 

+ + + + 

+ + 4- + 

+ + J-41 

4444 

4444 

4444 

4444 


Aik ppt 

+ + + 

+ + 

+ 

X 

- 

- 

— 

G hr 

FeClj test 

+ + + + 

+ + + + 

+ + + + 

444-1- 

-U4-44 

4444 

4444 


Aik ppt 

+ ■^ + 4- 

-H- + + 

4- 4- 4- 4* 

4-*- 

— 

- 

— 

24 hr 

FeClj test 

+ +■ + + 

4* 4- 4- 4- 

+ + + 4* 

444-1- 

4444 

444-1- 

4444 


Aik ppt 

4* •{ + 4" 

4" 4* 4- 4- 

4- 4- 4- 4- 

44 

- 

- 

— 

48 hr 

FeClj test 

+ 4* 4- + 

4- 4* 4- 4* 

4-4-4--P 

4* 4* T 4- 

4- 4- 4- 4- 

4444 

4444 


Aik ppt 

4" 4- 4" + 

4- 4* 4- 4* 

4-4- + 4- 

444 

4- 

— 



Table III presents quite a different picture irom the results obtained with quinine 
bisaliojlo sahoylate In this case Ph 7 is the reaction point at whicli the salicylate is most 
diffusible and the maximum rate is attained nithin thirtx minutes The quinine is diffusible 
in acid medium onlj and starts between one and two hours, the maximum rate being at 
tamed at about sm hours 


DIALYSIS OF QUININE SULPHATE PLUS SODIUM SALICTLATB IN THE PRESENCE OP 
PROTEIN SOLUTIONS OF VARYING Ph 


In each diffusion sac were placed % gram of qumine sulphate, % gram of sodium 
sahcjlate, 20 cc of water of a given Pj, and 5 cc of saturated egg albumen solution These 
were placed in water of the same Pu as that present in each sac 


Table IV 


TIME 

TESTS 

Pk 1 

•p o 

I'll « 

Ph 3 

Ph 6 

Ph V 

Ph S 

Ph 10 

15 min 

FcClj test 

- 

- 

- 

— 



_ 


Aik ppt 

“ 


- 

- 

— 

__ 

- 

30 min 

FeClj test 

- 

4 

4- 

4- 

44 

4- 

- 


Aik ppt 

- 

- 

- 

— 

— 


- 

1 hr 

PeCl, test 

4- 

44 

4 

4 

4444 

4 



Aik ppt 

- 

- 

- 


— 


- 

2 hr 

FeClj test 

4 

444 

44 

4 

4444 

44 

-! — 


Aik ppt 

4 

4 

4 

- 

— 


- 

3 hr 

FeClj test 

4 

4444 

444 

4 

4444 

444 

*i* 


Aik ppt 

44 

44 

44 

- 

— 

— 

- 

6 hr 

FeCl, test 

44 

4444 

4444 

44 

*l'*fH'*l* 

4444 

*f + 


Aik ppt 

•f + 'l-*f' 

4444 

4x44 

4- 

- 


- 

21 hr 

FeClj test 

4444 

4444 

4444 

+ *f -f- *f 

4444 

4444 

4-*f + + 


Aik ppt 

4444 

4444 

4444 

4 

4 

4 

- 


The results of this experiment apparentlv indicate that albumin has a greater retarding 
effect on the diffusion of quinine sulphate and sodium salicjlate than it does on quinine bi 
sahcjlo sahcj'late ^ 
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DIALYSIS OF QUrNT>*E SULPHATE PLUS SALICYL-SALICTLATE (SALYSAL) IX 
SOLUTIONS OF VARYING Ph 

In each cUalvzing sac were placed % gram of qumme sulphate, % gram of salvsal and 
20 c c of water of different Pn Each sac was then placed in a solution of the same Ph 


Table V 


TIltE 

TESTS 

Ft, 1 

Ph 2 

p„ 3 

p,i 6 


Pn 8 

Fn 10 

IS nun 

FeCl, test 


- 



- 


- 


Aik ppt 


— 

— 

- 

- 

— 

— 

30 nun 

FeCl, test 

- 

- 

- 

-- 



- 


Aik ppt 





— 

— 

- 

1 hr 

FeClj test 

_ 

_ 


- 

4-'- 

4- 

- 


Aik ppt 

- 

- 

- 


- 


- 

2 hr 

FeCL test 

- 



- 

X 

4- 

XX 


Aik ppt 


- 

- 

- 

- 

~ 

-- 

3 hr 

FeCl, teat 



- 

- 

X 

- 

XXX 


Aik ppt 

+ + 

+ 

X 

— 

— 

— 


6 hr 

FeCl, test 


X 

4* 

+ 


* 

xx^x 


Aik ppt 

4- -f- + 

-+ 

4" 


— 

~ 


24 hr 

FeCl, test 

+ 4"^ + 


+-+ 

X 4- 

4" -r 

XXX 

-f-Fr 


Aik ppt 

+ + -5- 

-r -f* 

XX 

4- 

-- 

— 



The results are quite similar to those obtained with quinine bi salicvlo salicvlate 


TESTING FOR QUININE AND SALICYLATES IN ANTMAI/S BLOOD FOLLOWING THE 
ADinNISTRATION OP QUININE BI-SALICYLO-SALICYLATE BY MOUTH 

The following tests were in the nature of trial methods for the detection 
of quinine bi-sabcylo-salicylate or its cleat age products after the admimstra- 
tion of this compound to animals 

1 A rabbit was git en 1 gram of quinine bi-sahcvlo-salicylate by mouth 
This was accomplished by means of a syringe and rubber tubing About 200 
ec of water were required to get all of the drug into the animal’s stomach 
Ttt entt hours latei the animal was exsanguinated After laking the blood was 
shaken with several times the volume of chloroform The chloroform was evapo- 
rated to dryness on a steam-bath , then portions of the residue were tested for 
quinine bi sahci lo-sahcj late, quinine and salicylates All were negative 

A portion of the hemolyzed residue from the chloroform extract was then 
tested for salicjlates as follows The hemolyzed blood was saturated with 
amraomura sulphate and rendered acid to about 0 6 per cent with H-SO^, 
brought to the boil, filtered, cooled, neutralized with XaOH solution, ex- 
tracted with chloroform (4 times), ciaporated and the residue from this was 
tested with FcClj solution A strong positn e test for salicylates was obtained 

Another portion of the liemoly/cd blood u as tested for quinine according 
to the standard technic The result was negatn e 

2 A labhit weigbing 2250 grams was gnen 5 grams of quinine bi-salicylo- 
sahcAlatc by mouth m the manner indicated above After eighteen hours the 
animal was exsanguinated and the blood tested for quinine busalicylo-salicvl- 
atc, quinine and salmlatcs Onh sahc%lates were found The iinne like- 
wise yielded only salic%lates 

3 A large dog was given 10 grams of quinine bi-salici lo-salieylates at 
2 pm on one dav and at 11 am the next daA be was gnen another 10 <n-ams 
One half hour after recening the second dose the animal was bled, ^here 


144 


THE JOURNAL OP LABORATORY AND CLINICAL JIEDICINE 


were 680 c c of blood, obtained An attempt ivas then made to lecover un- 
changed quinine hi-salicylo-salicvlate, quinine and salicylates fiom this blood 
by means of the well-known Stas-Otto piocess We did not find the method 
practicable with go much blood, i e , we could not get the product clear We 
weie obliged to finish up uith ammonium sulphate acidified to about 0 6 pei 
cent with sulphuiic acid A good test uas obtained foi sahcylates only 

QUALITATIYE and QUANTITATiyc ESTIWATION OF QUININE BI-SALICALO- 
SALICALATES AND ITS CLEAVAGE PRODUCTS (QUININE AND 
s^lictl) in blood 

While performing the foiegoing tests we found that the detection and 
estimation of quinine bi-salieylo salicylates and its elea\ age products, quinine 
and salicyl presented man}’' dif6culties None of the standard methods was 
quite satisfactoiy Aftei many tiials we finally eiolved a satisfactorj’ method 
This method is a blend of seieral methods used in the estimation of quinine 
and salicyl plus some modifications of om own 

Technic — Fne cc of blood aic laked with 5 cc of distilled uatei in a 
small beaker, then 40 e c of saturated ammonium sulphate containing 0 6 per 
cent sulphuiic acid aie added to it and 5 giams of solid ammonium sulphate 
The mixture is then heated on a modeiately uaira electric hot plate with con- 
stant stirring After coagulation takes place the liquid is brought to the boil 
over a free flame, and immediately filteied thiough a Gooch crucible The 
suction IS continued until the mat is quite haid Instead of using asbestos in 
the Gooch crucible, a smgle layei of high giade filter paper is moie piac- 
ticable By means of a fine-bladed knife the contents of the crucible aie trans- 
ferred back to the beakei The filter papei is washed with 3 or 4 c c of 
water, and a new paper is placed in the crucible The coagulum in the beaker 
IS macerated in the water used to wash the filter paper, then 40 c c of acid, 
saturated ammonium sulphate are added and the mixtui e is heated on the elec- 
tric hot plate, then brought to the boil and filteied, this piocess is repeated 
four moie times, only that m last thiee times it is piefeiable to use plam satu- 
rated ammonium sulphate 

The entire filtrate (about 250 e c ) is tiansfeiied to a giaduated flask and 
made up to volume This solution can be used foi the detection and estima- 
tion of quinine bi-salicylo-salicylate oi for the detection and estimation of its 
cleavage products, quinine and salicyl (The estimation of all three sub- 
stances in the same solution is difiScult to accomplish ) 

1 Estimation of Quinine — ^Piepare (1) a standard solution of quinine 
containing 1 pait of quinine base (0 0134 gm of quinine sulphate per liter was 
used) per 100,000 in saturated ammonium sulphate (2) Prepaie an acidified 
iodine solution This is made by diluting 25 c c of N/10 iodine solution with 
225 c c of N/10 HCl 

A definite amount of this acidified N/lOO iodine solution is used with 
different concentrations of the standard quinine solution for comparative 
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purposes This test is i en* delicate A difterence of 0 001 mg of quinine can 
easily be detected bv means of a colonmeter 

For comparison luth the uiiknou'n quinine solution a senes of 10 tubes 
are made up as shoirn in Table TI 


Table TI 


TUBE 

QUININE SOLUTION' 

CC OP STlNDAPr) 

ac or SATUPATED 
Ajrirovixiit 

SOETOOX 

1 

50 



2 

4 0 

0 5 

3 

40 

10 

4 

35 

15 

5 

30 

20 

6 

25 

25 

7 

20 

30 

8 

15 

35 

9 

10 

40 

10 

0 0 

4 5 


In another tube (all the tubes should be of the same size) 5 c c of the 
ammonium sulphate eytract of the blood are placed One-half e c of the 
iodine leagent is added to each tube Then, the “xmknoirn ’ tube is matched 
against the standard tubes First roughly by means of the eye, then by 
means of a eolorimetei yith a light attachment "We found the Klett colorim- 
eter 1 ery satisfacton- 

It IS desirable to compare the solutions immediately after mixing with 
the iodine solution as a turbidity deyelops on standing 

2 EsUmaiwn of iS’fllmyl —Pour-fifths of the ammonium sulphate extract 
of the blood are placed in a «eparatom funnel and exti acted mth about 30 
cc of pure ether This process is repeated 3 or 4 times The ether extiaet 
IS placed m a large test tube flO" 11/4") and evaporated bv placing in warm 
water, the eiapoiation of the fiist portion of ether taking place as the second 
IS being shaken with the ammonium sulphate extract, etc 

The final residue is dissolved m 15 cc of warm saturated ammonium 
sulphate solution To 5 e c of tins solution are added 10 drops of a freshly 
prepared solution of feme ammonium sulphate (2 per cent) and then com- 
parison IS made against larving amounts of a standard solution of sodium 
sahcidate The standard solution contains 1-10 000 of salicil and the sohent 
IS neutral satiuated ammonium sulphate 

Ten tubes containing laning amounts of the standard salicvl solution 
aio piepared in the manner indicated for quinine and 10 diops of the feme 
aminoimim sulphate solution arc added to each of these tubes The tube con- 
taining the unknmui amount of salicil is then compared with these tubes b\ 

means of a Klett colonmeter (or other tvpe prouded with an electric Imfitm- 
sistcm) 

Xorr-The quinine mac be estimated im 5 e e portion of the aboce solu 
tioii but a greater aiiionnt of the iodine solution niai be required to oiercome 
the elTect of the greater conccntntion of salitil 



146 


THE JOURNAL OP LiVBORATORY AND CLINICAL MEDICINE 


3 EsUmatwn of Qwmnc Bi-sahcylo-sahcylatc — Quinine bi-salicylo-salicy- 
late can be estimated by tlie method deseiibed for quinine, since it also gives a 
definite color with the iodine leagent The standaid solution in this case 
being a 1-100,000 solution of quinine bi-salieylo salicylate dissolved in satu- 
lated ammonium sulphate solution 1 e c of the iodine solution is added to 
each tube of standaid and unknown solutions 

Unhvdiolyzed quinine bi-salicylo-salieylate does not give the salicyl-feiric 
alum test 


RATE OP ELIMINATION OP THE CLEAVAGE PRODUCTS OP QUININE BI-SALICYLO- 
SALICYLATE PROM A NORSIAL MAN 

0 8 giam (12 giains) of quinine bi-salicvlo salicylate veie taken at one 
dose by a normal adult man Theie weie 250 e c of water taken with the 
drug The late and duiation of elimination of the cleayage products (quinine 
and salicyl) in the urine was then tested The results aie tabulated below 
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It will be noted that the salicil could be detected an lioui before the 
quinine fraction and that it could still be detected for many hours aftei nega- 
tive results were obtained foi quinine 

TOXICITL AND FATAL DOSES OP QUININE BI-SALICl LO-SALICL LATE AS COMPARED 
WITH VARIOUS QUININE AND SALICYL MIXTURES 

A large number of rabbits weie used in the toxicity experiments but as 
the details aie of little moment, only the aveiage results will be cited 

All the animals weie kept on the same diet, which was a full diet of bread 
and vegetables 
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It IS interesting to note that the \ allies in 11 and V arc the same 

The temperature and respiration factors were also noted in the abo\e 
experiments and the following data were obsersed 

1 In ex en ease there w as a drop in temperature follow ing the adminis- 
tration of the drug, but no proportionalitj betxveen the amount of drop and 
the dosage could be obserxed 

2 The lespiration was xerx shghtlx affected with nontoxic doses "With 
toMc doses the respiration exhibited a marked increase When lethal doses 
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were given the respiration maikedly inci eased foi several liouis befoie death, 
followed hv a decrease just befoie death 

THE ABSORPTION OF QUEsINE BI-SALIC\L0-SALIC1LATE AND ALLIED SUBSTANCES FROM 

THE STOJIACH AND INTESTINES 

The quinine bi-salicvlo salicjlate ivas adnimisteied in the niavimum toler- 
ated dose (1 00 gm per kilo) The other substances weie gnen in amounts 
equn alent to the quinine content of quinine bI-sallc^ lo salicjdate and, with the 
exception of the case of quinine saliejdate, the salicjd content also equaled the 
amount present in this drug 

The drugs weie lutioduced into isolated paits of the gastrointestinal tract, 
and in each case two houis later tlie blood i\as withdiawn and analj’zed The 
figuies given in Table IX aie the a\ciages of seieial experiments 


Tablf IX 


QUIMNL FJ:\CT]0\ 

DRUG ADiaMSTERED MG PER 100 CC 

OP BLOOD 

SmiCTL FRICTIOV 
110 PER 100 C C 

OP BROOD 

Quinine bi salicylo salicyl-ite 



Gastric absorption 

2C 

90 

Intestinal absorption 

2 C 

30 0 

Quinine sabcylate 



Gastric absorption 

26 

49 

Intestinal absorption 

38 

03 


Quinine salicylate + enough sodium saliojlate to 
make the salicjl equal to tliat of quinine bisahcjlD 
salicylate 


Gastric absorption 

27 

22 0 

Intestinal absorption 

32 

49 1 

Quinine sulphate + sodium salicylate 



Gastric absorption 

30 

28 0 

Intestinal absorption 

33 

35 3 

Quinine sulphate + salysal 



Gastnc absorption 

23 

10 3 

Inteshnal absorption 

26 

25 4 


One of the remaikable facts that the abo\e figuies exhibit is the constant 
coefSeient of absorption of quinine legaidless of the foim in which it is ad- 
ministered The absorption of the salic^l fraction is more vanable Anothei 
interesting point is the low coefficient of absoiption of salicyl fiom quinine 
salicylate as compaied vith quinine bi-salicylo-salicylate When sodium sal- 
icylate, however, Aias added to the quinine salicjlate in sufficient amount to 
bring the salicyl content up to the quantity present in quinine bi-salicylo-sal- 
icylate the salicyl absorption was greater than in any othei case 

CLINICAL OBSERVATIONS 

It IS, of couise, to the clinical and bedside imiiressions that we owe our 
estimate of the value of any diug, lienee, our clinical observations in legaid 
to quinine bi-salicylo salicylate, although limited in number, are not without 
interest 

Owing to the weU-knovTi fact that it is impracticable to make a detailed 
study of many upper respiratory infections, the only cases which were taken 
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In none of the eases cited ahoM was there nin toxic rciction associahle 
to quinine or salic\late 

On coniparinir this sciies with cases treated with other snlic\lalps if was 
noticed that quinine In s<ilie( lo s ilic\ late acted nioie qiiickh in reliecm'^ s\nip 
toms and redncingr tenipeiatuie and there was no ne(oinpanMn{r gastric 
distress 

SLXniAPV 

From the xarious data that ha\c been obtained fiom the foregoing ex- 
periments with quinine bi salicxlo salic\iale and related substances the fol- 
lowing outstanding facts haxc been obser\cd 

1 Quinine bi sahcxlo salicxlate is xciw insoluble in neutral aqueous 
solutions 

2 In aqueous solutions of \arving P„ it was found that quinine bi saliexlo- 
salicjlate is most soluble in alkaline solutions of about Ph 10, next m acid solu- 
tions of about Pn 1, and least soluble in neutral solutions of P„ 7 

3 The dissociation fi actions of quinine bi salicylo salicylate exhibit the 
chemical identification tests of quinine and saliejl 

4 The diffusion of quinine bi-salici lo sahex late is gieatest at P 10 and 
next at Pn 2 

5 Albumin does not interfere xvith the lijdroljsis and diffusion of quinine 
bi-salicylo-salicylate 



150 


THE JOURNAL OE LABORATORTi AND CLINICAL MEDICINE 


6 The dialysis of quinine sulphate plus sodium salicylate fiom solutions 
of diffeient Ph piesents quite a diffeient pictuie fioin the lesults obtained with 
quinine bi-salicjlo salicylate In this case Ph 7 is the reaction point at yhich 
the saliejl fiaction is most diffusible and the ma\imum diffusion takes place 
within thirty minutes The quinine fiaction is diffusible in acid medium 
onlj', and the diffusion starts aftei two houis 

7 Albumin has a gi eater letaiding effect on the diffusion of quinine 
sulphate and sodium salicjlate mixture than it does on qiunine bi-saliejdo- 
salicylate 

8 The expel iments on the elimination of the cleaAage products of quinine 
bi-salic 3 'lo saliei late fiom noimal human beings show that the salicyl fiac- 
tion can be detected in the mine in about tliiity minutes and continues to be 
ehmmated for about sixti lioiiis The quinine fiaction is fiist detected in 
about iiinetj' minutes and ceases to be detectable aftei eight houis The 
maximum elimination point of the tuo fiactions is at about foiii houis 

9 The cleayage pioducts of qiunine hi-salici lo-saliC 3 late (quinine and 
saljsal) can be detei mined quantitatii ely A method foi then estimation 
has been devised 

10 The maximal tolerated dose and minimum lethal dose of quinine bi- 
salicj lo-sabcj late aie gieatei than those of qiiimne sulphate plus sodium sal- 
icylate , quinine sulphate plus salysal , quinine salicylate plus sodium salicy- 
late In other y ords, quinine bi-salici lo salici late is less toxic 

11 Quinine bi-salicylo salicylate and otliei quinine and salicjl mixtures 
caused a diop in body teniperatuie when administeied to animals, but no 
proportionalitj' between the amount of diop and the dosage could be obseryed 

12 The lespiiation is veiy slightly affected yith nontoxic doses of qumine 
bi-salicylo salicylate and i elated products With toxic doses the respiration ex- 
hibits a marked luciease When lethal doses are given the lespiration in- 
cieases appreciablj'- foi seieral hours before death, but just before death it 
decreases 

13 The coefficient of adsorption of qiunine is remaikablj^ constant when 
administeied to labbits in the form of qumine bi-salicvlo-salicjdate, quimne 
salicylate, quinine salicylate plus sodium salicylate, quinine sulphate plus 
sodium sail cj late, and quinine sulphate plus salysal The absorption of the 
salicyl fiaction of these substances is much moie vaiiable 

14 All the distinctive cliaracteiistics of quinine bi-saliejdo-salieylate com- 
bine to make it an unusually valuable diug, but, peihaps, the most impoitant 
are its noniiritating effects in the stomach in model atelj’^ large doses, its rela- 
tivelj low toxicity and its high salici 1 content 

The Depirtnieut of Biologicsl Cheniistij' of tlio Long lalond College of ^Medicine ivzshes 
to thank Messrs Merck X Co of Balnvay, New Jersey, for BupplJ^ng the quuuno hi sahcylo 
salicylate and other chemicals, etc, used in the aboie research 
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P'lonis Tinl tin* inntrnl ".n.'' (liuiitr.r < oiitr n tn.iis) nn ililiinnt.d Tins 
iniinodinti' p.issn'ro n isi' liow.Mr In f.irn tin oinl of on.' iiiimit.' Tlio .s.nd 
duration of tin pi"ii.. iiid il'o of tin inntnl "n\.' dcpiiids upon tlio t'po 
of inn'll swnllowod Tin n is tin ii a jnii'. "Inii iicitlior ino'.iinnt of stniinch 
nor pnssn.^p of soiitnvt' <au lio '(fii After the p ni'i iiideiit.'itions oicnr in 
(he pnstrn ".ill ' 111 .'' .ire 'onn turns Msddi- on both enr'.ntnres dtpendiiifr 
upon the toinpleteiii ss of hariuiu diliiu.ition hut nh\ i\s .appear .alon.: the 
preater curaature Tin' 'nr\ in niiniher hut occur t'picalh at junction of 
P'lonc can il "itli p'lnrn \estil)u!e, at jiinition of p'lorn 'cstihuU "itli 
pastne tube and iiiid"a' iloinp tiie p-istne tube After nn appreciable pause 
those indentations bepiii to piil'ite ind then after a '.ir'inp iiitercal, send 
off "aces of peristalsis in the .ibor.il direction The first ".ace starts t'pi- 
c.dh at the distal pnls.itiou two nimnles after the adininistration of the meal, 
the second at the intormedi.ite and the third at the prosim.al puKation If 
conditions are fa'orablc m that the uppei pastne tube is sufficienth de- 
lineated, the fourth "aac is seen to start bipli up in the pastne tube 

After the appearance of "a\cs, one or more, it ma' be all of the pulsa- 
tions disappear thouph their sites geneialh remain recopnirablc b' a slight 
contraction of the greater curcatuie 

At am time anc "ace mav disappear at a pulsation site and reappear 
after a fen seconds, at the ne\t This phenomenon is sometimes interpreted as 
an obsenation that a nace maj start up at am pulsation site not nece^sarih the 
highest It is honecei perfectlv true that m certain studies me have noted 
interpolated naces originating at divers sites along the loner gastnc tube 
and the pylonc cestibule 

The regular rhythmic succession of maces mac bieak donn into appar- 
ently p urposeless nacelets nliieli me liace defined as shimmer There is no 

•From the Anatomical I-aboratorj C\C3tcm Rescr\e Cnnersit> 

Pccenccl for publication June 3 1331 
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clear distinction between shallow indefinite peiistalsis and sliiininei The 
latter simply lepresents the foiinei -nithoiit appaient £oice oi dnective pm- 
pose It IS most fieqiientlv seen aftei exhibition of a meal of low stimulative 
power like milk but there is also icason to believe that shimmei is sometimes 
induced by a subconscious neiiousness peiliaps uniecogni/able by the pa- 
tient It IS apt to follow a sudden touch on the abdominal wall by the ob- 
seivei's hand It frecpienth replaces peiistalsis caily in the examinafion or 
when the patient is hi ought back to the scicen aftei an inteiiuptioii in the 
examination It also is fiequently seen to last for about half an lioui after 
the administiation of the meal in the first fliioioscopic examination undei- 
gone by the patient 

Tempoiaiv absence of peiistalsis is itself piobably often a subconscious 
nerious phenomenon foi eieii in a piaeticed patient theie ma 3 ^ be no waies 
for a peiiod of not more than ti\o minutes fiom the comraeneemeiit of roent- 
genoseopie examination when he is bi ought back to the screen after being 
distuibed foi the making of a loeutgenogiam 

Compared with the amplitude of uaies gastiic peiistaltic ihythm is 
rather constant in its time relations In making seiial loentgenogiaphic 
studies for auahsis hi einematogi apliic technique, oiii loutine, based upon this 
conclusion, calls foi one pietme eiei^' ten seconds So regular in time lela- 
tionship is the ihithm of peiistalsis aftei an expeiiiuental meal that the 
ten-second inteiial in loentgenogiapln lecords such dilfeiences in rhythm as 
maj’- be found after different ti pes of meal 

To make a pioper anahsis of peiistaltic time lelations loquires the deio- 
'tion of a loeutgeuoscopic session to this theme alone Since the same stomach 
must be used iii studying the influence of diffeieut meals the im cstigation must 
be spread ovei a considerable iiiteival so that time maj’’ be gneii to the pa- 
tient to recover from any possible eCtects ot piolonged loentgenoscopj’" Fui- 
ther the interyal must be one duiing which the student can be ieasonabl 3 as- 
sumed to enjoy steadj'^ good health and, in the evenness of a loutme life, to 
be relatively fiee fiom fatigue and worry Cleaily such conditions can be 
fulfilled only m the summer vacation 

From such occasional obseriations as could be made in the course of 
loentgenoscopic examinations designed for othei purposes ve estimated the time 
taken in passage of a nave along the stomach to the pylorus as appi oximatel 3 " 
the folloumg from junction of pjloiic vestibule and canal, 7 secs , fiom mid- 
vestibule, 16 secs , from junction of gastiic tube and pjdoiie vestibule, 26 27 
secs , from mid-gastnc tube, 35 secs , fiom Magenblase (fundus) 60-62 sees 
It was intended to replace these bj moie aecurate deteiminations when op- 
poitunity should aiise Having had this chance to secuie the neeessarj data 
we aie now able to piesent the facts which aie indeed essential foi the ade- 
quate further piosecution of oui gastiic investigations 

TECHNIQUE 

The method followed has been to administer a large meal in older to 
define the stomach outline as high up the gastiic tube as possible and also to 
maintain the clearness of definition as long as possible It has been found 
that, after some meals at least, buttermilk for example, theie is progiessive in- 
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vtilijiit ipuli i\piintniii in m nt..,iin'- npn i '.nniii itnni'. iinl li li nl iii 'iiv 
unmtv ilinn- in nit iipnii in'- I'Vi n i-tinimi li nnlinlin;. 1 w n vi 1 1 il Ktmin -- lii" 
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1 stop ( lot 1 v with 1 V iiinliinni \s tin ohsirvir trms tin proirmss of tin 
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nttoiiiptin;: to in iKi the rKoiil ilirntiv i»' ino.ins of 1 ilnt iphoin itul v itli 
the 11(1 of I ruiiumfuiil stoiiiImU Iin ininoeiiMis inifssuv to w.itdi 
roeiitirinosi-opie siimn iinl sto]i<lo(Iv it tin* suin' tnin jirmed too (onipli- 
(Uited Hid tile tune was Inttir luorded in tlie ni nnn r disdilnd is fin.iliv 
adopted 

In ordi 1 to i\nid inpiiv to tin subp(t, ticli 1 oeiit'.enostojm sission has 
been Innited to tin k iristiation of ipproxini itelv tin waves ind sonic time 
has been allowed for the subiett to neovi'r befoie the next session was 
scheduled 

In tins stiiilv we diLidid to eoinpire tin time lelitionship of peristalsis 
after si\ laigre fluid nii'als I’liese ire watei , milk butteimiik 1 ictie acid solti 
tion in watex InifTiiid witli sodiuni Indioxidc to pll 4 sji mentli pip 20 
minims in sixteen ounces of watci , and sodium bieaib CO "rims (4 giams) 
m sixteen ounces of watei Tims eicli lii"c incil consisted of sixteen ounces 
of fluid toprethei with foui ounces of baiium sulphate Each meal is ('•non 
at a temperatuie of 70’ F since it has been shown that raisinir 01 loweiin" 
the temperatuie of tin frastiic contents modifies the pcnstalsis ’ The aveia^e 
time lelationsliips have been cilciflatcd and tlie standiid deviations computed 
from the formula derived bv “fetudent” foi a veiv small seii«s = 

The effects of application of heat and of cold to the abdominal wall upon 
gastiie behavior pattein vveie also included in our studv md are lecorded A 
hot pack 01 an ice bag was held to the abdominal vv all for a period of fortv- 
five minutes A twentv ounce milk-baiium meal was administered thirtv 
mmutes after the pack or bag was first applied to the abdominal wall and 
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fifteen minutes befoie the examination Then, the subject standing behind the 
roentgenoscopic seieen, the pack or bag nas icmoAed, and the gastiic behavior 
pattern vatched at fiequent internals foi ]ialf-an-hom 

The eight studies heie lecoided ueie spiead o%ei tuo successive summer 
vacations in oidei that theie might be no possible detiimental ellect fiom pro- 
longed and of ten-1 epeated x-iai exposuies and also that the mental and physical 
health requiiements laid dovu aboie might be maintained 

In our subsequently lecoided obseiiations the gastiic subdivisions used 
aie the junctions of gastiic tube uith pjloiic vestibule and of pjloiic vesti- 
bule with pjloiic canal The gastne tube and p\loiic vestibule aie each sub- 
divided into uppei, middle and lowci sections and the time icgisteied when 
the wave passes ovmr the center of each 

RECORDS OF GASTRIC BEHAVIOR, CHEMICAL SlIVIULI 

The qualitative obseiu atious made at the successive sessions aie impor- 
tant for establishing the cntiielv legulai bchavioi of the stomach undei 
examination The dimensions of the gastiic shadow depend not so much 
upon the amount of the expeiimental meal as upon the inteiplaj of pyloiic 
action and gastiic seeietiou called foith Watei, foi example, results in an 
immediate piofuse gastiic secietion but, owing to continued patency of the 
pylorus which, aftei watei, in our expeneiice, nevei completely closes, the 
stomach shadow remains lelatively small The w atci -stomach shows a motor 
response wdiicli is relativelj' moie evanescent than those consequent upon 
othei fluid stimuli Aeeoiding to oui obseivations a five-ounce vvatei meal is 
flushed from the stomach by gastiic juice in about ten minutes wdieieas all 
the othei fluids, studies of which aie hcie lecoided, betray then piesenee 
by a ehaiaeteristie lesponse foi about twentj"^ minutes aftei administration 
We started the obseivations uiioii cftect of watei stimulation about twenty- 
fiv^e minutes aftei administiation of the laige meal and continued them until 
fifty minutes aftei administiation in oidei to note the eftect of the flushing 
process upon the wave time as the watei became moie diluted and finallj^ 
displaced by the gastiic secietion In this we weie disappointed since the 
method of lecoiding does not peiinit such fine distinction but the standard 
devuation in Table I gives a lougli measiue of change of wave time 

Watei meal The entire stomach outline was eleailj seen and the gas- 
tne tube veiy narrow, consistent with the patent pvloins above mentioned 
Sev^eral vvav^es weie present at one time, givuiig an impiession of unusual speed 
The waves weie of considerable amplitude, obvuous on both cuivatuies and 
almost pinched the baiium shadow in two 

In Table I mav' be seen the aveiage length of time wdiich the wave 
takes to reach the pylorus fiom each gastiic level bev'ond the fundus, to 
getlier with the vaiiabilitv in this time It is iinpoitant to obseive, fiist, 
that, after water, waves can be tiaced usually fiom mid-gastiie tube and 
occasionally from iippei gastiic tube Secondlv the speed of wav'es in a vvatei 
stomach is gi eater than aftei anv^ one of the othei five fluid stimuli with 
the exception, in the pyloiic pait, of peppennint The speed of water- 
stimulated peiistalsis is therefoie a staiidaid against which to check the 
peristalsis induced by other forms of stimulation 
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Tvbll II 


Average Time in Seconds foe P\ss\oe op Wave Trom One Gastric Leaed to the Neat 
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Table II gives the aieiage time m seconds occupied by a vaAe passing 
from one gastric IcacI to the next This table has been built up fiom avei- 
ages of the actual lecoids and not In subti action of one aveiage of Table I 
fiom aiiothei Eoughlj the iiiteivals aie file seconds except in distal pyloric 
Aestibule and pyloric canal wheu, the distances being shoitei, the intervals 
aie less The vatei -stimulated ivaic passes legiilailj" along the stomach 
Avithout pauses such as aie obseivcd m peristalsis stimulated by other con- 
tents The Avater-v aA es do not Aveakeu as thcA' proceed, do not fade out tem- 
poiaiity or bleak doAvn into shimmei 

MilL Meal — ^When the stomach Avas fiist obserAed, tAAentj minutes aftei 
the meal, the barium had settled and the gastiic outline Avas clearlj’- apparent 
from pyloius to upper pyloiic Acstibulc The Mageublase Avas flat and the 
gastric tube shadoAV lelatiA'ely Avide in compaiisou AAith its diameter after 
the Avatei meal This difteience in gastiic tube Avidth is due to secretion of 
gastric juice stimulated by the milk but held in the stomach as a result of 
the pjdoiic rhj-thm Avliich bungs about alternate opening and closure of the 
pyloius in place of the practically continuous patency after Avater adminis- 
tiation Milk AvaAes are shall oav and A'Ciy apt to bieak doAvn into shimmei 
A faint shadoAv of intermittent passage through the pylorus Avas noted 

Eeference to Table I demonstrates that there is no difference m speed 
betAveeu milk-stunulated AvaA^es and Aiatei -stimulated Aiaves except in the loAver 
gastric tube Statistically one Avoiild not say that there is a diffeience even 
here But expeiience assuies us that speed is less lapid about the junction 
of gastric tube and pjloiic vestibule than in the pjloiie area Avhen the peris- 
taltic AAHAes aie inilk-stimulated Indeed Aie had difflculty in obserA'ation at 
the milk session, through AvaAes fading out about this level or breaking doAvn 
into shimmei oi eAen being obscured and inhibited in a pulsating ring at the 
junction of tube and Aestibxde 

Fiom Table II one leams that the loss of time resulting from this reduced 
speed aAeiages about three seconds Our unpublished records also sIioav a faint 
suggestion of the retardation carrAung over into upper pyloric vestibule 
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val as, a jeai elapsing betneeu the tMO gioiips of expeiinients it ivas necessarj 
to insuie that the geneial condition of the stomach had not changed m the 
inteiAal We therefoie used oiu “outlmei" to gne us an obseiiation. of 
gastric aetivitv befoie steiting the expeiiment This outliner consists of five 
grams of barium sulphate in half an ounce of u atci It is just enough to out- 
line the gieatei curiatuie and delineate the avaacs -without affecting them for 
more than five minutes, since this small quaiititj’- of Avater is ACiy lapidly 
flushed thiougli the pvloiiis by secietion of gastiic 3uice 

HaAing ascei tamed that the condition of the stomach aars unchanged 
from the picAious summer, avc administeied a laige soda meal, the composi- 
tion of AAhich has been stated In this subject the entile gastric tube and 
pjloiic Aestibule Aveie distended, as ficquently, but not invariably, occuis 
aftei the exhibition of this diug Gas in the splenic flexuic interfeied Aiith 
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Figs 1 and 2 — Graphic presentation of tlic phenomena recorded in Tables I and II 
The distances of the central thick lines from the right hand ordinate represent the a.\er- 
age time taken b> a ^^a\e to tra\el to tJie pljorus from that particular gastric le\el Veibal 
contractions as in Table I 

The hatched areas indicate tlie piobable error on each side of the mean and the unshaded 
rectangle delimits the Lalue of the standard de\iation The progressKe slackening of speed In 
the milk buttermilk lactic acid and soda series is aerj clearlj. sho^^ai 


observations upon the AvaA^es in the uppei gastiic tube The Avaxes howCAcr 
Avere quite definite, deep, forceful, sIoav soda AiaA'es 

Reference to Table I shows that the piogiess of the soda wave is rela- 
tnely sIoav throughout its entiie couise The speed of passage oxei the stom- 
ach Avail is Aeiy similai to that of butteimilk and the vaiiability in time of 
successive uaAes is again AmiA’ similar to that of buttermilk In foim, Iioav- 
CA'er, the AvaA'es could not be mistaken for butteimilk waAms for their outline 
IS undulating and foiceful lathei than constiicting and Augoious 

Pcppei mint Meal — On the day aftei the soda pattern Avas studied, a large 
peppermint meal, of the eomposition noted aboA^e, aa as gmen after a regular 
outliner had been administeied to identify the gastiic lesponse The Magen- 
blase, gastric tube and pyloric vestibule leniained rathei nairoAV as our stud- 
ies haAc led us to expect aftei peppeimmt administiation The lesultmg 
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Fife 2 


Tho aboNi. obsonatioiis on inppomint and soda in this paiticidar trained 
and stal)ili7ed stoniacli must be tonsideied as of a difleiont (.atefror\ from those 
upon water mdk butlemdk and peihaps upon lactic acid lrre"nlaritics in 
pattern sii"g-ost the induonee of dilution Furthoi studios aie needed 

EFFPCT OF Ur\T A\D COLD 

The obser\ations on heat and cold were undertaken in the earl\ fall of 
1930 In the eaihor part of this cssa-v the method of prepaiation of the pa-^ 
tient for these studies has been fulh described The method of stiuh in<r the 
effect of heat and cold is bound to diftei fiom that of the chemical excitants 
which ha^e been desenbed abo’ve It is characteristic of the plnsical stimu- 
lus of heat or cold that the effect is most marked at first and graduallr be- 
comes less With a lapse of time After the exhibition of a chemical stimulus 
the effect increases and is always at its height between fiie and ten minutes 
after the experiment begins In an earlier artiele=^ we ha^e pointed out that 
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tke effect o£ both beat and cold an incicased gastiic actuitv as shown by 
amplitude of naves and lapidit}’’ of peiistalsis The effect of cold is much 
bhoitei m cluiation than that of heat Whcieas the depth speed, fieciuencv 
and Algol of peristalsis induced by licat maA’’ continue in diminished degiee 
foi fifteen oi CAeii twentA' minutes, the stimulant effect of cold has aheady 
faded at the end of fiAe minutes 
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Flo 3 — Serial record of gastric -naLes after the application of exteinai heat 

iRinutes after cessation of heat application to abdominal -wall ilie speed is still three 
times that of normal tv ater-stlmulated Y\a\es The speed progressU eb diminishes until about 
eigJiteen minutes after removal of timulus Abscissae in seconds Verbal contractions as in 
Table I 


The technique of obsemation was essentially cliff eient fiom that in the 
foregoing studies We weie not noAv eouceined in the Aaiiahility of a lathei 
constant tApe of ihytbm uhieh indeed dec eloped to a maximum at some min- 
utes aftei the obseivations began We noAV had to face a rhythm, the initial 
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Table III 

Comparison of IVato Timfs to Ptlokus in Seconds 




LGT 

1 JN _ 

VPy 

MP\ 

1 1 

JN 

Peppermint 



29 0 


17 5 

12 0 

mm 

35 

W Tter 

39 0 


27 0 ' 


17 5 

12 0 


4 5 

Milk 

j 


20 0 



13 0 


4 5 

Buttermilk 



32 5 

' 28 0 

20 5 

12 5 

85 


Soda 

410 

1 38 0 

32 0 

! 27 5 

215 

n 0 


55 

Lactic Acid 




1 30 5 

23 0 

15 5 

1 12 5 



Owing to the difficulties in obseiiation it Mas not ahiajs possible to e\- 
amme the wave thioughout the coiuse of the stomach Oiu recoids in Figs 3 
and 4 aie theiefoic somewdiat patebj , the> do howcNCi. gue a quite clear im- 
piession of the fading eftect of heat or cold upon the gastiic mechanism 

The leadei inaj nondei why iie applied heat and cold to the abdominal 
wall instead of making use of hot oi cold dunks In oiii pieiious aiticle^ ne 
haie pointed out that the indiicct oi leflex eftect of heat and cold through the 
abdominal wall is moie iigoious and ti-pical than tliat obtained bj^ the exhi- 
bition of hot and cold dunks 

Effect of Heat — Foi seveial minutes after the observations uere begun 
we u eie unable to time the gastiic waves, the passage of uhich, at least in the 
lower part of the stomach, was verv rapid Four minutes after the observa- 
tions began the passage of a nave from junction of gastric tube and pyloiic 
vestibule to pvlorus took only twehe seconds as against twenty-four seconds 
for water or milk The speed of the heat wave along the pj'loiic restibule was 
so great that four seconds oiilj’- n ere occupied in passing fiom mid-r estibulc 
to pylorus as agamst the twelve seconds chaiaeteiistic of water, milk, peppei- 
mint and buttermilk Thereaftei, the speed of the heat nares diminished un- 
til about eighteen minutes after the observations began, at which time, as 
indicated m Fig 3, the speed n as practically that ot milk at 70° F It is true 
that occasional ii regularities appear as illustrated nr the wave lecoided 
twentj' minutes aftei commencement of the study 

We eontmued this examination for twenty-six minutes and found that, 
during the last ten minutes of the examination, the gastric waves became 
unusually slow It is not fan to state that this was due to the supervention 
of the neutral pattern In the first place the neutral pattern does not assert 
itself so rapidly in a stomach containing a large meal In the second place 
the time relationship of neutral waves is piactically that of the water pattern 
One must therefore conclude that, after erghteen minutes, the vigor of gas- 
tric peristalsis induced by heat gnms plaee to a rather letliargic rhjthm 

Effect of Cold — The examination of the gastric pattern leflexly stimu- 
lated by application of cold to the abdominal wall follows exactly the lines of 
that adopted for heat We were faced with the same difficulty at first, namely, 
that the speed of the early waves was so great that they defied exact time 
measurement At the end of three minutes however, the time taken by a nave 
to pass from the junction of gastiic tube and pyloric restibule to pyloius was 
eighteen seconds as against the twenty-four seconds taken by milk or watei 
waves to travel the same distance Fionr the mid-pjloiic Ncstibule the wave 
occupied eight seconds instead of twelve or thirteen This activation by cold 
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iM.iiv tin' tilin' r. 1 itmiivliip is ]'rntn ilh tint of mill .it Tit 1 1 In r. ift< r 
until siiini til'll u nunut's iftn ttnnnil of tin told p n 1. tlnri n is t pro 
j.ri'ssi\t' sli.iMii” in tin i nn tiiin Dnrinr tin r. m iiinl. i of tin stinh tin 
turn rt-l itiousliip Ilf irTstrn v i\is r. lu iiin d utuli.mi,nd 

( 0\t I 1 s((t',s 

Our s( fit's of 1 ijlit stssKuis Ills In'lpt d Us I oiisidi'r ilih to uinl. rst nnl tin 
jiln'iiniin nn of j: istrn In'lniior It is trin tliiit ui linn li id oiih oin sioiiirnli 
uudor spu ml olisnn itnui Hut this v ts n oinfulh triiind and st ihilif* <1 
oi/iii Mliosi' ^ononl Ill’ll iMor ji.itt.rn no Kin w from n pt it.'d stmh iindi r 
dilTiriut oonditnms ’Monmir tlm rrsiilts of our him stiu'ntn.n of tins stom 
Till lontinn ind oTtoiid the oro isiontil fpinntitntiic ohst rntions nlinli nloin 
li.ui In I'll possihln to us in tin' past 

Till' w itor stimiil itod sfnm idi should hn t iKon is tin stand ird In i lusi 
its hchiMiir IS prictualh that of tho noutnl oroTu Inraiisi' imim' amplitiidi 
IS pro it and w nos can he followed from upp< r pastru liihr v ith mse, .ind 
also het luse the waie tran'K with a steadi rlnthm throughout its coiirsn 
and does not ttinl to fade out or hre.iK up into a shimiin r 

The nulK ImtteniulK and lac tu neid frroiips of ohst nations form a (h fi- 
nite senes but in amplitude inilK waies nie len shallow and without thr 
Mporoiis tharatter of huttennilk wans or the eriatit Miior of the lactic acid 
wnies Tiic senes is one of rlnthm piotrrt ssnch slacKcriinp AfilK stimu 
latcd Wales are slitrhth slower in their speed of passatre our pnstnc tube 
hut protrress in pilonc lestihule is c\ncfh similar to Ih it of water stimulated 
waios After buttermilk this slnckeuiii" of speed is continued into the lesti 
hide After lactic acid it hotomes peneral and marked throntrliout the 
stomach 

The soda waies, apait from their deep and forceful character arc simi- 
lar to those of Imttermiik m their time relationship These peppennint waies on 
the contran, haie approvimateli the neutral character in common with those 
of water and of milk throuprhout the pilonc part of the stomach They arc 
howoier definiteli sloir in the pastric tube and seem to pause more distinctli 
than those of soda and of lactic acid at the junction of gastiic tube and pi- 
lonc lestibule 

The waies induced hi heat are at first iigorous and lerj rapid The 
effect IS not lost until the lapse of about eighteen minutes after remoial of 
the hot pack Thereafter the time relationship is lengthened as though the 
waies become lethargic in character Waies stimulated by cold diminish in 
speed so rapidlv that file minutes after remoial of the cold pack their dis- 
tmctiie character is lost Thei continue to dimmish m speed until the end 
of about ten minutes w hen thej become stabilired 

Further study is needed to elucidate the cause of these difiteiences m 
gastnc behaiior pattera and further ohsei rations are essential m order to 
establish then actualiti We are recording these results now because ive 
feel coni meed, in the light of our experience, that the phenomena herein de- 
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scribed aie definite and Mill be cdnfiimed bv caicfiil obsciieis upon trained 
and stabilized stomachs 


SUMMARY 

The ihjthm of gastiic peiistalsis is defiuitelj influenced by the paiticu- 
lar stimulus which initiates it Watei pioduces a legulai actne peiistalsis 
Milk-stimulated uaies diflei fiom those pioduced by butteimilk and 
lactic acid m being of low amplitude, but in ihj thm thej fall into series with 
the waies of butteimilk- and lactic acid-stimulated peiistalsis 

Milk-stimulated peiistalsis is slightlj sloued in speed in the gastric tube 
but not in pjloiic ^estlbule The speed of butteimilk-stimulated ivaies is 
slightly slackened in pjloiic pait as uell as in gastiie tube But the lactic 
acid meal pioduces Ma^es ^el3' definitely icduced in speed throughout then 
piogiess fiom uppei gastiie tube to pi loins 

Soda waies aie deep and foieefiil and then time lelationsliip is vei}^ simi- 
lai to that of butteimilk-stimulated uaies 

These peppermint waies, like uatei and milk naves, aie almost indis- 
tinguishable in time lelationshiii fiom the neutial pattern in the pyloric pait 
of the stomach They aie easily dislinguished fiom the neutial pattern bj 
then greatei amplitude and Mgoi In the gastiie tube thej aic distinctlj 
slow like the soda ivai es 

The wa-\es stimulated bj soda, peppeiunnt aud lactic acid appeal to 
pause at the junction betuecn gastiie tube aud jijloiic lestibule 

The luflueuee of heat aud cold difleis essentially fiom that of the chemi- 
cal stimuli aboie locoided in that the initial effect is the most powerful and 
theie IS a constantly diminishing degicc of exinession whereas the effect of a 
chemical stimulus rises to a maximum a feiv minutes aftei its eailiest expres- 
sion 

The na^es induced bj' heat aie at fiist so lapid that the recoid of then 
time relationship is verj diffieult At the end of foiii minutes the speed is still 
about thiee times that of watei-stnnulatcd naNes The speed piogiessiielv 
diminishes until about eighteen minutes aftei the heat stimulus has been le- 
moved The stomach then appaiently enteis a lethaigic phase 

The effect of cold is similai to that of heat but fai less pronounced By 
the end of file minutes the speed of naves induced by cold has become le- 
dueed to that chaiacteiistic of an oidniaiy milk meal at 70° F Until the end 
of ten minutes theie is a progiessne sloiving in the naie time but thereaftei 
the time lelationsliip is unchanged 
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opiiiioii of tin nuoi inli.il ilnlitv of mn iinlnnliiil \\ illiii-' ninl Kilims' n 
innofl an pitKiits piisinfin'r .I.itioi mhoormis of low \oltijri‘ All llioir 
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profriiostu import iinm 

Dunn" iho past thre m.iis ,ippio\ini.iti h tiio thousand oloctroc irdio- 
trrams lia\e hcon takiii on the Mivliial Sir\n(> of thn ('incnin.iti (Toiioml IIos 
pilal Thoso tratintrs h.iii not hi on t.iKoii roiitimdi on all jntionfs, but onh 
on those in whom there was eithei definite or e[n( stion ible eMcIcntc of heart 
disease Of this miiiibi i lO cases showed low icdta^e ,ind onr stndc com- 
prises a recicw of tlnse "lO i.eis in di tail If is to In noted that these pa- 
tients on whom tlnse tbetiocardiotrinins wne taken weie piacticalh all from 
the labolnitr class and as is usual with patients of this class, mam of them 
showed eciclence of maikcd heait failiiic eni admission to the hospital 

The criterion which wc h,i\e used foi the di.i^nosis of low coltatre was 
that the total deflection of the QRS complex did not exceed 5 mm in am of 
the three standard leads All the rctoids we le taken on an amplifjiii" instru- 
ment with the usual standaidi/ation, that is, one centimctei deflection eejuua- 
lent to one milln olt cun ent 

Of these 50 patients, 47 entered the hospital because of sj-mptoms refer- 
able to the hcait Their ages caned between twentc and eigbtc with about 
an equal distribution in each decade Thcic weie 3G males and 14 females 
The majoritc of the patients weie white Shortness of bieath and edema of 
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scribed aie definite and will be cdnfiiined b\ caieful obseiveis upon tiained 
and stabilized stomachs 


SUMAIAKA 

The ihjthin of gastiic peiistalsis is definitely influenced by the particu- 
lai stimulus which initiates it AYatci pioduces a legular active peiistalsis 
Milk-stiraulated naies difiei from those inoduced by butteimilk and 
lactic acid in being of low amplitude, but in ihjthm thci fall into senes with 
the waies of butteimilk- and lactic acid-stimulated peiistalsis 

IMilk-stimulated peristalsis is slightly slowed in speed in the gastiic tube 
but not in pjdoiic lestibule The speed of buttcimilk-stmiulated naves is 
slightlj slackened in pjloiic pait as noil as in gastiic tube But the lactic 
acid meal pioduces naies \eiy defiiiitclj leduced in speed thioughout then 
piogiess fiom uppei gastiic tube to pilonis 

Soda waies aie deep and foiceful and then time lelationsbip is veiy simi- 
lar to that of butteiniilk-stimiilated naies 

These peppeimint naics, like natei and milk naies, aie almost indis- 
tinguishable in time relationship fiom the neutial iiattern in the pyloiic pait 
of the stomach Thej' aie casih distinguished fiom the neutial pattern by 
then gieatei amplitude and vigoi In the gastiic tube they aie distinctly 
slow like the soda wai es 

The waies stimulated by soda, peppeimint and lactic acid appeal to 
pause at the jmiction between gastiic tube and pjloiic lestibule 

The influence of heat and cold difteis essentially fiom that of the chemi- 
cal stimuli aboie lecoided in that the initial effect is the most powerful and 
theie IS a constantly diminishing degree of e\piession nheieas the eftect of a 
chemical stimulus uses to a maximum a fen minutes after its eailiest expies- 
sion 

The waies induced by heat aie at fiist so rapid that the record of their 
time relationship is very difficult At the end of four minutes the speed is still 
about three times that of n atei -stimulated naies The speed piogiessively 
diminishes until about eighteen minutes after the lieat stimulus has been re- 
moved The stomach then appaieiith enters a lethargic phase 

The effect of cold is similar to that of heat but fai less pronounced By 
the end of fire minutes the speed of naics induced by cold has become re- 
duced to that cliaiacteiistie of an ordinary milk meal at 70° P Until the end 
of ten minutes there is a progiessne slowing m the ware time but tlieieaftei 
the time i elationsliip is unchanged 

REFERENCES 
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trnphu ihiioriinlitn s mdn ito snioiis iinoi.mli il disiase m are of set ions 
profriiostic iiiiportami' 

Diirmir the past thru m irs ,ippro\iin.itrh ino thousand olcttroe.iidio 
trraiiis hate honi t.iKeii on the Ahdii.il Sinne of the ( mtmii.iti General Hos- 
pital These tratmos Inn not In en f. liven rontmelt on all ji. Hunts, hnt onh 
on those in nhoin there n.is either di'fmite oi quest ininldc etidcnfe of lieait 
disease Of this nuinlni 50 lasts slum id Ion tolla"t, and om stmh com- 
prises a retien of tliese 50 casis in ditail It is to he noted th.it these pa- 
tients on nhoin tin si eh etroeardiofriains neie t then neie piaeticnllt all from 
the lahormo class and as is nsu.d with ii.Hients of this class, mant of them 
shotted ctidcnee oi inaiKed he.ait failme on .idmission to tlie hospital 

The eiitcnon nhuh ne hate used foi the diagnosis of Ion toltage nas 
that the total deflection of the QKS complex did not exceed 5 mm in ant of 
the three standard leads All the lecoids neie t.iken on an amplifting mstm- 
ment with the usual standardwation, that is, one centimeter deflection equita- 
lent to one millitolt curient 

Of these 50 patients, 47 entered the hospital because of stiuptoms refer- 
able to the heait Their ages taned betneen twentt and eighft nith about 
an equal distiibution in each decade There were 36 males and 14 females 
The majont3 of the patients ttcic nlnte .Shortness of breath and edema of 
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the extiemities YCie tlie leading symptoms The diuation of the illness was 
less than one yeax in 33 of the patients 

Aitenoscleiotic lieait disease Mas the etiologic factoi in 30 of these pa- 
tients, 16 of them having an associated hypei tension Tno otheis shoned 
hvpei tension alone Seven xveic rhenmatie, and theie vas one each of the 
folloxvmg Infections, sj'philitic, combined siixliilitic and aiteiioscleiotie 
One patient had a carcinoma of the lung m ith metastases to the pericardium 
and myocardium In foui, tuberculosis uas the etiologic faetoi, tivo shmviug 
pericaiditis with effusion and the two otheis an adlieient peiicaidium, as 
liioved at autopsj' In two, the etiology Mas unknoMui In only one ease M'as 
theie no clinical exidence of lieait disease 

The heart was enlaiged in 42 of the patients In 43 theie Mms no valvular 
disease Mitial stenosis M'as piesent m thiee patients, aoitie insufBcienej’' in 
two and mitial insufficiencj in two Peiieardial effusion Mas present in 5 
patients Adheient peiicaidium Mas found at autopsj in thiee cases and Mas 
diagnosed clmicall}' in tMO otheis Theie xvas lieait failuie of the eongestixe 
tjpe in 47 cases and of the anginal type in one othci Onh foui patients 
shoxved pulsus alteiuans Tlieie xveie no cases of mxxedema in oui series 
"We haxe sepaiated the electiocaidiogiams shoMing low xoltage alone 
fiom those in Mdiieh low voltage M'as associated Mith auiiculai fibiillation, 
auiiculai fluttei, inieited T-M'axes in the significant leads, abeiiant QRS com- 
plexes, including incomplete bundle-biaiich block, any degiee of heait-block 
01 ectopic tachycardias Theie mcxc 19 patients shoMing low xoltage alone 
Of this iiumbei 16 are dead, tMO axe uutiaced and one is still Ining Of the 
number dead, 10 died M'lthin one month after the first elcctiocaxdiogxam, 
showing loM' voltage and all M'cre dead xvithin a peiiod of nine and one-half 
months 

Auiiculai fibiillation M'as associated Mitli loxv voltage in 14 patients 
Bight aie dead, four aie untraced and tx\o axe still living Fixe died Mitliin 
one month aftei loxv x'oltage xvas fixst discoveied and the other thiee died 
M'lthm ten months 

The QES complexes shoM'ed abexxation in all leads m 10 cases, 4 of xvlnch 
are classified as incomplete bundle-bianch block Of these, 9 axe dead and 
one IS uutiaced Six died xvithnx one month, the leraaining 3 Mithiii ten and 
one-half months 

Heaxt-block, including delayed conduction, paitial or complete block, 
M'as associated xvith low voltage in 9 cases Six of these axe dead, 4 xvithin 
one month and 3 are still living 

Seven eases showed mveited T- waves in the significant leads Thiee died 
within two and one-half months, 3 axe still living and one is uutiaced 

TMcnty-five of these patients had moie than one eleetxoeaxdiogram In 
10 of these, the low xoltage persisted in all tracings In 8 otheis the voltage 
later letumed to noimal Tiaeings had been taken in 7 befoie low voltage 
appealed In 19 of these cases xve obserxed that there xvas a eoiielation be- 
tween the patient s condition and the xoltage of the eleetiocardiogiam, in that 
the x'oltage xxas gi eater as the patient’s condition improx'ed In 6 other cases 
there was no such relationship In one case xvith peiieardial effusion the 
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1 rort\ si*\i n of tin* ">0 pntnnts showin*^ low pne s\mp(onis rof* 

er.il)le to llio lunt Tin* diirition of tlic illmss, was less limn one \eir in ii 
rort\ nun ii id ilinu d ividenci of in.irt diseivi 

2 Am riosilorosis witii or witiimit in pi'i ti iision was tin* Irading otio 
lo^'it f.K tor m our sern s 

d In I't t.iscs low \olt iiTf* nloni* w.is pri sent Tin inoit.dit\ in this gioup 
"ns in or ?4 por edit witliiii tin nnd om Inlf niontlis 

4 rourteeu c isos showed amicnlnr fihnllatiou in addition to low \oUaf;o 
The known nioitilit\ of this pronp was .S or "iT per cent within ten mouths 

5 Ton patients sliowed .ibirr.int QHS complexes intlndin'r intta\cn 
tricular hlock Ihe known moit ilit\ of this proup was 9 or OQ per cent in 
ten and one half months 

C Xine patients showed heart block feix or C7 pei cent were dead in 
se\en months 

7 Sp^dI pitnnts showed nnerted Twaacs m significant leads Three 
or 43 per tent were dead within two and one-half months 

8 Thdc were 3 (j ehatiis in the senes of 50 cases, 32 of the patients died 
within six months fiom the time the fii-st olettiocaidiogram showing low" xolt- 
age was taken 

9 Autopsies weic peifonncd on 14 The coionarj arteries showed some 
degree of sclerosis ui 10 cases ilieioseopie examination showed the myo- 
cardium to be abnormal in eicri case, fibrosis of the myocardium being the 
most fieqiient finding 

coN'cntisiov 


5Ve behoxe from the studv of the aboxe 50 cases that the oeeurrence of a 
xoltage of 5 mm or less legaidless of othei electioeaidiograplue abnormal- 
ities m a patient with heart disease is of seuous piognostie import 


*\\ c are Indebted to Br Pearl M Zeek of the Department of , 

of Cincinnati and the Cincinnati General Hospital for the autop^^i^oS I>ni\ersit> 
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THt TOUltNAIi OI LAI!OKVroK\ VVD r I (MPAI MTIHCINF 


Oni studj included 100 mdnidnals i\lio 11610 patients in the sanatoiiuni 
Eepeated counts iveie done on each indiiidnal The smallest miinbei of 
counts made on am case ivas ±0111 In the hiifre iiiajoiitv of iiidii idiials ten 
to twenty counts iieie done Oui studi e\tended 01 ei a peiiod of six months 
and about 1,200 counts iieie made All ot the diftereiitial counts weie made 
b3' the authoi in oidei to liaie as unifoim lesnlts as possible and to eliminate 
the factor of ludgment on the pait of otheis 

The blood smeais iieie made on toior-slips and iieie stained iiitli 
Wiight’s blood stain Pom hundied cells iieie counted in eieiv instance^ 
The totel leucocj’tic counts iieie done in the usual iiaj" from a one-to-tiventj 
dilution of the blood 111 0 1 pei cent acetic acid solution 

The maioritj* of tlie cases in our studv ueie pioied eases of tuberculosis 
IVe had the opportiuiitv, howeiei to include in om obsenation indniduals 
uho ucie ill fiom diseases otliei than tubeienlosis 

We have selected fiom oiu entiie gioiip nineteen cases to ilhistiate the 
leueocA'tie pietuies 11111011 we haie encounteied in laiions diseases and in 
difteient stages of tubeiciilosis Table II giies the results of oui obsei rations 
In Table II the fiist thiee eases shoii i\hat i\e iioiild eonsidei a normal 
distiibution betueen the loiing and the segmented foims of the neutrophile 
These cases agree ii itli the findings of Schilling i\ ho has established that 
about 4 pel cent of the total Icucocjtes nie of the “band” foim We would 
consider that the nonsegnieuted foiras might be as high as 7 01 8 per cent 
iiithout real pathologic significance If the iiiimatuie forms are maintained 
aboie 8 pei cent, the neutiophile count is nbnoimal and the greater the pei- 
centage of nonsegmented foims the moie seiious is the pathologic condition 
Case G E (acute appendicitis) shous that although theie was a mild 
leucocjtosjs and a high peieentage of neutiophiles the nonsegmented foims 
Avere not increased abme noiiiial Opeiation uas perfoimed uithin twelve 
houis Histologic examination of the appendix shoved extensive neutiophilie 
infiltiation of the tissues ivith but little exudate fiee in the lumen of the 
oigan 

Case E S shoivs a 1101 inal total leucocitic count except on the day of 
death when a maiked leucocjdosis vas present Note the marked and peisist- 
ent shift in the iieutrophiles to the nonsegmented forms The count done on 
the daj^ of death shon ed 70 pei cent of all leueocA tes to be nonsegmented 
neutiophiles This ease, as A\ell as scAeial others in the table, agrees Avith 
the obseiAation of Schilling that the total lencocjde count giAms much less 
leliable iiifoimatioii than the difteiential leueoc3’’tic count, if the lattei is 
piopeilA done and coiiecth' mteipieted One might be led to the conclusion 
that the bone inaiiOAi in the case A\as incapable of causing a leucocytosis , 
that it Avas exhausted That this vas not tiiie is shoAvn by the agonal leuco- 
cA'tosis Avitli a tiemendons outpouiiiig of immature forms Myelocjtes were 
fiequentlA piesent but it Aias not necessaiA to haie a greater subdivision of 
the neutiophile types to gne a cleai undeistandiug of the seriousness of the 
pathologic piocess 

Case L B demonstiates that a decided shift to the immature neutio- 
philes oeeuis dining the heiglit ot a positive smallpox vaccination reaction 
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mr loiiKNAii 01 LAHOKvroia and ruxuAL. aiidicim 


Tills pioiiipth lecedecl iiitli the siibsidenci of the pathologic piocess lleio 
again the ditteieiitial count gnes inioiinntion uliich uould be missed cntiieh 
if the total count alone uas lelied upon 

Case Ho demonstiatcs that the shift in ncutiophilic foiiiis can occiu in 
nialignaiicj Again a noinial total count is piesent 

Case X shous that this same shift ton aid inimatuie neufiophiles can oc- 
cur ivllen theie is no evidence of infection Tlie significance of this will he 
emphasized in the discussion In this cast a total Icutoci te count of 10,000 
is CMdence of a leiieoci tosis foi he noimalh i iins heluoeii foui and six thou 
sand in his routine counts 

Case De L uas a case of extensne and piogicssnc pulnionaiv tuheiculo- 
sis who liad been serioush ill foi tliiee leais hefoie death Consideiable 
variation occuis m the nunibei of iinniatme neufiopliiles fioin tune to time 
but thej aie aluats u ell aboce the noim<il peiecntage Jlaikcd fluctuations 
also occur in the total counts Theie is no coii elation betueeii the total leu 
cocytic count and the peicontagc of immatuie neiitiophiles 

Case Lo uas leiv similai to Case De L The peiecntage of mature foims 
of neutiophiles lauges highei and the inimatnie foims louei than in Case 
De L Note the maiked inciease of imniatuie neutiophiles at the time of the 
acute inflammation of the facial tissues and the piompt subsidence following 
estiactiou of a diseased tooth Although the immatuie foims aie less in this 
case than in Case Dc L the peieentages of all iieuti ophilic fonns aie about 
the same in both instances Death occiiiicd sooiui in this case than in Casi 
De L 

Case Ca is anothei seiious case of tubei culosis, the patient haiing been 
bed-iidden foi oiei thiee veais Note the fluctuations in the iionsegmented 
forms and the tendencj to maintain a high les el in segmented forms of neu- 
ti ophiles 

Cases Ke and Die aie included to shou that a maiked ineiease of uon- 
segmented neutiophiles oecnried uith a clinical exaceibation of the tubeicii- 
lous piocess Note that this lueiease has iieisisted since the fiist use was ob- 
seried In case Die this ineiease ni immatuie foims antedated the clinical 
exaeeibation of the disease 

Case Sell shows that a ease with a laige basal pulnionaiv lesion need not 
exhibit a constant shift in the neutiophile foims to the uonsegmented tipes 
This IS of leal significance since it infoims one that the neutiophiles aie not 
111 exeessi\e demand 

Case Bo is included to illustiate the effect of meieased ph%sical actiiiti 
upon the lencoejtic leaction This is a ease in uhicli artificial pneuniothoiax 
pneumolysis and phienicectonn failed to contiol the piogiess of the disease 
The last two counts weie done just piioi to hei disehaige fiom the Sanato- 
rium and show a maiked use in immatuie neutiophiles on the last count 

In ease Sw theie has been a peisistent leucocvtosis The neutiophiles 
weie increased aboce noimal in both the nonsegmented and segmented forms 
Even wheie theie is a constant lencocxtosis the gieatest ineiease of imma- 
ture neutiophiles does not oceni with the highest total count Aitificial 
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HIM i ss|,,sv 

F irh \ it il st it. till! tin t.st Ilf 1 .linn il jno.i.lun is ..ft. n 

tin (' IS*, of its aiiplii ition .111 nil <1 h\ its ns. fiiln* ss W . wlmlli i^i^r. . with 
tins St It. im Ilf \ii\ i linn iton iii.'tliri.l win.li . in h. of i.nitin. \ ilno slnnih! 

110 ri.UiKil to til. iiiiniitiniii of woih i oiisistcnt with ,.'i\in^' as nnii li infonm 
tion 'IS jiossiiil. in sjn I lal instant .s an ihilioi ition of tin smijiiiii. .1 im'tlin.l 

111 11 ill jnstifi till, lint It Is (Iniilitfiil win tin i tin i.l.l. .i niff.niiation iiii. d 
wiliioinlti I nnuli inon mnrit. iiisi/lit info tin ln«loi:i( jiro. i ss Imiiitr stn.l- 
ipcl lull' fill.' ilw ai s <i( sii . s SI 1 . iitifu <iat 1 t.i ill inniiit.'ii fU(.iiiat(' still in 
InolofTH* iirot.’ssos on. is iiit. rcstoil imn.' in tin Iniiits of \ in ifion wiiicli mu 
iip toiisi(l..n (1 wiliini nonn il ami in tin si.^nifn in. o of tin i in.iliniis lieioml 
nonn il limits In mi uist ni.f on. slionhl imt in too .iooniatn, aiiont tlm Inn 
Us set foi nniinnl it siiotil.i Im motrni/i.l tint lln. tn itiniis .liioi.. oi iiolow 
norniil will ocetii wliuli in.ii Iiam no liiimal sionifn iiu. It is oiiii wlicn 
sutii fliKtuitums hpion.l i nounal laii".' poisist that si nous attention siumlil 
lie friKii tliein I'lnin fins on. . in leniih see lliat i snio]o diffei cntiai ieuco 
citit count IS insunKi.nt W itii a simplr t.ilinic inon toiints and iieiicc more 
mfonmtion iiiai in triimd witli fin same amount of lalioi used in a mon* 
elnhorate melliod 

IMost plnsitnns u. intei.sted iii i.iRocitit eoniits as diapiiostit aids in 
infectious jiioussts \Vi ai. of tlie opinion tiiat tiip liucocitic response in 
patliolofric piotessis ixtinds fu liciond tilt domain of infections Wlule ah 
iioniidl leucocitic icactions aio found consistenth in infections of am seiei- 
iti, It should be iiornt in mind that such a finding- is but one pliase of a 
gencial biologic loie plaied hi tlie lanons leucoci-tes Xoninfectioiis lesions, 
such as infaiction of lieai*t muscle stieie liurns, intiaahdoniinal heinoiiliage 
etc, mai cause as maiked an alteiation in tlie leueoeitic picture as an infec- 
tious piocess It would seem moie logical to legard a leucocitic lespoiise of 
whateier tipi as nidicatiii of tlie ti-pe of alteiation m the tissues to irliicli 
tlie laiious kucocitts lespond tlian to insist tliat an infection must be piescnt 
wlicneiei an ahnoinial lencocitu pictuic is eneouiitcied 

AYe haie included Case X lu Table II to show tliat one mai encountei a 
marked mciease of immatme neutioplnles as a response to a noninfeetious 
lesion The illness in tins case was the lesnlt of the indiscieft choice of an 
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alcoliolic beveiage To ub tins case denionstiates tlie lallac^ ol attemptiDg 
to deteimiue the piesence oi absence ot an intcetion bj the leucocstic response 
found That the leucocytic pictiue mil be oi {rieat aid in dcteiniiinng the 
sey elite ot the piocess, yyhethei infectious oi noninfectious, is unquestion- 
able The pioinpt letuin ot the leucocytic toimuhi in this case to noimal yias 
quite sti iking 

Thcie IS quite a tendency among pby'sicians to leh uioie upon the total 
than yipon tlic ditteiential leucocytic count The ciises included in this papei 
shoyy' that one cannot leh upon the total count alone as an indc\ oi an ab- 
normal leucocytic pictuie A mild leueocy tosis nun occiii y\ith a noinial dif- 
feiential count oi one may encountei a maiked shitt in the numbeis ot the 
difieient cell types yyith a noimal oi eyeii a loy\ total count If it is possible 
to haye onh' a total oi a difteiential count then it is bettei to choose the dif- 
teiential count to obtain infoiination Iloyyeyci, both the total and diftcien- 
tial counts should be obtained yibeieyei possible foi togethei they gne moie 
intoimation than eithei alone 

The classihcatiou ot the leucocytes as stiessed b\ the anthois mentioned 
m this papei has had a tendency to empbasi/e yei\ stiongly the neiitiophilc 
and to lay less stiess upon the othei cell types This is commendable to a 
degiee foi in those pathologic pmeesses most incompatible unth life of the 
tissues the iieutiophile plays the leading lolc Iloyyeyei in evaluating any 
leucocy'tic count one should always note the piopoitions of the cliffeieiit cells, 
foi each type has its own significant pait to play This can best be appi ecl- 
ated by compaung the counts in ('‘ase De L with those in Case Sch In pie- 
yious papeis" "we liaie dealt in detail yrith the significance ot the difteient 
leucocytic tyqies m tubeiculosis and it yyoukl seem to be nnnecessaiy lepeti- 
tiou to comment tuitliei upon tins sidnect beie 

Dining the past seyeial yeais y\e lune made a yeiy evtcusne study of 
the leucocytes in yaiious diseases VTc liaye used a classification in yyhicli yye 
did not attempt to dnide the iieutiopbiles into iionsegmented and segmented 
toims although yye had noted an ineicase ol the nousegmeiited fonns yen 
commonly in patients who weie seiiously ill Fiom oui piesent study we aie 
led to the belief that it is haidly uecessaiy to hny'c the elaboiate subdiyisioii 
oi the neutiophiles if one appieciates fulh the noimal mode ot tin leucocytic 
ty-pes Anothei factoi yyliich has come to oui attention is that one must not 
place too gieat importance upon the e-stent ot the shift m tlie neutiophilc 
tjTies It yyill be noted that in our cases theie has occuiied maiked fluctua 
tions fiom clay to day The significant and yen impoitant point is that in 
the patients yyho yieie seiiously ill the nonsegmented ncutropliiles weie con- 
sistently aboye noimal 

If one considers the piesence and the extent oi the shift in the iieutio 
pliilic foims as moie significant than the total numbei ot all neutiopiiiles then 
eiioiieous conclusions may be diawn Foi instance Case G E bad piacticalh 
no inciease in nonsegmented toims although hei total neutrophiles yyeie maik- 
edly incieased To hay^e ayyaited a shift in the iieuti ophilic types beioie 
opeiation yvas adynsed yvould haye in this case caused an inexcusable delays 

It yyill be noted in some of the eases ineluded in Table II tliat theie is 
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but littlo if nin (hnon'iu i> iii tin- li*l«l nuinbi r of ii'Miiropliib s iiltiiou*:!) tlun 
!■: ( nu'iub'r ibb’ difioi ciu’i lu (bo iniinbi'r of iioiim il foiutv i< oipji in 

(nisDt L lo iml ( II > \\ i Ii i\ «> ol>v* t \< tl ibui m n iitiinbi r of s. riom tu 

lu'rt ulom nnis tlori otuiind im iibiiotiii ilh bi^'b jii-n imiI it'< of m iit< <1 
lunitroplub N wilb oiii\ ,i '•bulil to ,i tnoiliriI< nun m of iioust ;.iin iil< li foiim 
To loiuliub' tint lliost nnis with ii ln;,h i»<nfnti/t of iioiis( <rjio iit< <1 fonm 
nn* inoro uilualh ill tbin tiioso with i laoibrnli nnti ni Mould In iiroiii 
ou' IS is sboMii m t\is('s ])(< I jiiid Lo It Mould nppi.ii prob dib tbit iii 
soiiH* iiidniduds tlun bus oi i urn <1 ii sutlu u ill <‘\piusiou of tin lu tiiatopoi 
itu tissiu lu till boiu' inarroM so that in itiin lu utrojilnb s nin lu pnidund 
rapidh iiuiutrli to uu at tin ibiuaud aiul luim oiu dm s not find a bipb p' r 
ccntapo of tbo inninturo nils ni tlio airrubitum 1 roni our siudv it si ■ ins to 
us tb it the shift III tu’Utroplnlii t\ pas su^niiu s mon tba abilit\ of tin inarroM 
to produia iintiira iiaiitropbib s ni suflu laiit miinbi r tb.in it dm s flu si-rioiis 
iiess of tlia p itbolopia prm as^ In u iifi iMtliolo;:u (onditioiis siub as lobar 
jinemnonn flu suddaii di in.iiid for lu utropliib s dm s not iillou iniia for flu 
lioimtopoutu fissua fn suflu laiilK a\p nid to iiu 1 1 flu di lu md Mifli imfun 
cells luMiee .i \ar\ Inpli pen aiif ijra of iiousaonu nti d luiitiojibib t\jus m flu 
cireulafton In ibroiiu proorassm f iiban niosis flu u is iiiiu for flu avpaii- 
Sion of the heinatoiioiaf u inniroM fissiu and if fins (\pnision lias otnirrad 
one in n find onh n slight nunasa of tlu innnatiire forms 

In the .Stlnllnifr niatbod pj, p luiporfaiKa is placed iiiioii the presima of 
flic most imiiiafura lu iitroplnb s \i/ tlu inrtaiin idot \ fa and flu nnaloiNta 
Wliere\cr flu re is an cMissnc demand for nentroplnb s one Mould etpeif i 
ftu of the most ninnnfnre forms to br pnsnif in the nrtnlafion In an\ till 
ti-pc, Mheie pn.it pleomoi phism is sIiomu in the deielopmental (mIc, too 
nmcli stress should not be pm n to am one phase of the process We .ipree 
Mith PnuM that Stlnllinp s Classes 1 and II mai sen nadih be included in 
Ins Class III for routine iIiuk d uorK The same mac be said of Class I of 
Pons and Knimbbaar 

A criticism tli.at mac be made iclalice to difTiiential leiicocc tic counts 
as done in a larpe numbii of places is that but one luindred leucocctes are 
counted The author considers tins an insufficient number, for no mattei hocc 
cvpertlc the blood films aie maele the difTcrent leiicocc tic tepes ccill not be 
cccnlc mixed It is piediable that tbec are not ecenlc mixed in the circulat- 
ing blood We feel that foui liunclreel cells should be counted in ecerc differ- 
ential count 111 oidei that the percentape of the leucocctic tapes of smaller 
numbeis mac be mote neailc correct If a hiph div magnification of four 
hundred is used one mac elassifj four hundred cells as accurateh and almost 
as rapidlj as one hundred under oil immersion 

Failec, et al , state that as high as 16 per cent of nonfilament neutroplnles 
mac' be regarded as normal If such be the case then a cen- high proportion 
of our counts cannot be considered pathologic Since 65 per cent of their 
normal counts liace 10 per cent or less of iionfilameiit neutrophiles ere be- 
lieve It justifiable to consider the remainder abnormal It is not uncommon 
to find single abnoi-mal counts m indiciduals echo arc considered healtln 
Here eve cvish to stress again, as eve have in a precious paper® that one must 
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uot ijlace ton ^le.it jcli.inco on a single lencoev tie count Tlie peisistence of 
abnoiinalitv in lepeated (omits is tiie tiling ot leal significance 

SI vni vin 

Wc believe that, it one (ksiies to dnide tin nenti opiiilcs into difleient 
gionps 111 the dilteiential Icncotvtie count it is sufficient foi piactical pni- 
poses to establish but two classes, nonsegniented <iiid segineiited Siicli a 
classification often gives iiioic sti iking pi oof of the abiioiinalitv of the Icneo- 
cv'tic pictnie than the gioviping ol all nenti ophiles togctlun Hovvevei in 
the luaioiitv of instances, one need not have this subdivision ot the iientio- 
philes to appicciate the fact that ,in abnoinial lencoev tic UMction is piesent 
AYe eonsulei, fioiii oni studies that a peisistence of iiioie than S pei cent 
of iionseginciitcd nenti ophiles is abnoinial The sustained inciease lathei than 
the inciease in a single count is the point of iiiipoi tance 

To attempt to diagnose infections bv* aiiv leiicocvtie count vie legaid as 
fallacious, loi noiniifeetioiis tissue lesions can c.iiise a Icncocvtic leactioii 
identical to tlmt caused bv an iiiteetions agent In eitlui instance the leuco- 
evtic lesponse siniplv indicates the tvpe .ind seveiitv of the tissue damage 
In niaiiv instances an abnoiiiiallv high jieicentage of neutrophilesocciusvnth- 
out anv 01 with but slight inciease in nonsegniented foniis Sneli a lencoev tic 
leaetioii should be given as caieful consideiation as instances wheie theie is 
a maiked shift to the nonsegniented foiius This leaetion we have obseived 
m eailv acute appendicitis, pioved bv opeiation, and in chionic piogicssne 
tuberculosis It would seem that the shift to immatine loinis depends veiv 
laigelv upon whethci the amount ot leucopoictic tissue is sufficient to pio- 
cluce sufficient segmented matuie nenti ophiles to meet the demand The 
change in the iieutiojihilic foims mav indicate the volume of leucopoietic tis- 
sue the individual ease possesses moie than the seiiousness of the pathologic 
piocess 

We legal d single lencoev tie counts and the counting of but 100 cells in 
the difteiential as insufficient in anv ease wheie lencoev tic studies aie deemed 
of value 
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'T^m, llu nnoKtupl) i'. I\(t\ Mti'.itni t%|i< nfili. li t mil \miIi projK r 

t in- \n!l iiiitu tti iniiiiiti i li nv. s m ti nipt uitim ipinLh nnI .uninlih 
It IS nihpt.ilili iKo to \ inous sjn < i.i! i • ipun iii< nts of a prohli m for mst hu i 
I t nil hi> III nil oithi r til mIiIi m ri*riil unlit is jiossilili to in iKi tin s-iisiti\f 
point M r\ sinnll mil iiisiit it liKi i lu i illi into iissiii» iln ti inpi i itiin ol 
sitmtions ihfiunlt of un-s i m oftm lu ilitiinmuil Mitii tin tin rinm oiiph 
mil ri.uliii^'s t.ikiii .it jiin i!i smsl ilistiim in\ii\ 

An .ulihtion il fi'ilnn- wlmli is sonii-tiims ^ ihnhl, is ili.it !m\ iminlur of 
indnuluil points oi jniu turns i m lu lonnutul to tin niitin tin i iniu oupli 
anil ns,(l ni \.irions im itnms u llio s mi, niin A lontiniions moni of 
temiionitnri' is jiossibU with the .ml of mossorv appii.ittis 

The thi'niionMipli is i onip ti itm h ns\ t,, nialvi mil • ipnlh smiplo to 
use If the (li t.iils of I niistnii tioii nnl opi r.ition w , n niou ;:i*ii(i.ilh Known 
this sNeellent niithoil of n nlni- ti iiipi i itnn nii-ht he nion wideh nsi d 
Followin}.' IS ,1 di'siniition of tin loiistnution mil nsi of a tin i huh onpli .ind 
a thermopile ind of tin prim iph s im ohi d in tin iintlnul 


Tin 1 HIM II I I OI Tin Tin I MOI 01 I I 1 

If wins of .m\ two dissnnil n metals u.pjiei md iiiLkel foi instance an 
fined or soldi nd I ml to I ml i tin i iiioeiei 1 1 n ’ luiiction will he foniud at 
e.ath connection A tliei nnu onple consists iss, ntnlh of two such ninctions 
connectfd into i cinnit ,is shown at .! and 11 in Fijr ] a The pmctions aie 
called theumulectrn jiaith huausc one of the dissnnilai nn t ds h is .i -niatei 
numher of ikctions than the othci or the electrons ha\t -neatei enenn ^al 
nes, and conseqmnth . flow of elcctncitc will t.iKc pl.ice'fiom one metal ‘to 
the othei This itsults in an “i lectromotne foite” (t m f ) him- set up .at 
each junction, md tin ina-intudi of tins foice depends upon the trmneratnie 
of that junction 

The electiomotiM fimis -imi ited at tin two junctions of tin theimo 
couple aic opposed to latli othei toiisef)U(iith it the tempeiatmes of tl.e 
junctions aie the saini the foices will be balanced and no emrent will flow 
Howecer, if one tempeiatuie is lii-hci than the othei, theie mil be an ex 
cess of cm f at the xvarmer junction, and the lesult will be a flow of current 
around the thermocouple which would cause a deflection in a gahanomete, 
The eiiergx necessarr to maintain this current is domed fiom tl, i iT” , 
heat ab sorbed at the warmei junction ^ additional 

thi ‘ho Dipartmint or Patho,o« ot 
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A cuiient in the theimocouple, therefore, depends upon a ditfeienee in 
tempeiatme being established between the tAVO nuuetions The “cold” innc- 
tion IS kept in a knoiMi and constant tempeiatme as in a niivtme of ice and 
natei in a theinios bottle and the “naini” innction is placed in contact nith 
the inateiial of nnknonn tempeiatme Since one tempeiatme is known and 
since the e in f generated Aaiies dneetlv irith the terapexature difteienee, the 
unknown tempeiatme can leadih be detei mined 

Tin rmxcipnn ox the potentioaieter 

In actual piactice it is a simple mattei to deteiinine the miknoiin tem- 
peiatme qmckh iihen the apparatus is set up Iloweiei, it is iiell to knon 
iihi ceitain instiuments hai'e to be used The em f generated in the thermo- 
couple cau be measuicd in tiio iiais bv the galvanometei and the poten- 
tiometei methods The foimei incasmes the cm lent diiecth and is the sim- 
pler one Honeiei, it iniohes ceitain eiiois due to the lesistance of the gal- 
vanometei in the ciicmt and also of the leads iihich aie the coppei wires 
connecting the pinctions with the accessoiv instruments This lesistance 
A'^aries with the length and diametei of the leads and especially with differ- 
ences in tempeiatme True it is possible to counteiact this b\ introducing 
into the SAstem an ecpial and opposite icsistance, but the conditions causing 
A'aiiations in the icsistance of the ciicmt have to be known and carefiilh 
standaidi/ed to obtain compaiable lesults at difteient times 

FoitmiatelA these lesistances inaA be disregaided bj the use of a poten- 
tiometei Tins is an ingenious deAice Iia Arhich onh the emf of the circuit 
and not the cm lent, is measuied No ciinent Aoaas at the time the measure- 
ment IS made, consequentlA' lesistance ceases to be a factor, and the leads 
inaA be of am' length and diametei and mai pass thiough am' Aaiiations 
of tempeiatme AAithout aftecting the acemaev of the leadings 

"When a tempeiatme is to be lead, the emf of the theimocouple circuit ^ 
IS snnplA opposed bi balaucing against it a dilfeience of potential supplied 
thiough a secondaiA' ciicmt When the tAvo ciicuits aie completely opposed 
theie can, of couise, be no floA\ of cuiient in the sjstem, and the gah'anometei 
AAill stand at f^eio The leading of the potentiometei is taken at that time 
and Avill shoAA the magnitude of the emf diaAin fioni the batteij in the sec- 
ondaiA' ciicmt to balance that of the theimocouple Tlie leading of the 
potentiometei is diA'ided hi a A'aluc (obtained bi' calibiation as deseiihed 
latei) and the lesult aaiII indicate the unknoA\n tcinperatme 

CONSTRUCTION 01 THE SIMPLE THERAIOCOUPLE 

Anj of the Aaiious tA'pes ot theimocouples lecpnied bi- the biologist can 
easily be made in the laboiatoii The tiro metals lecommended are coppei 
and eonstaiitan The lattei is an alloA of 60 pei cent coppei and 40 pei cent 
nickel Wne of these tiio metals mac be pm chased in a nuinbei of gauges 
and Avitli silk, cotton oi enamel insulation Wne of small diametei such as 
B &, S No 34 gauge is lecommended, and double silk coAered insulation is 
geneialh' prefeiable It is achisable to coat the Aiire Avitli shellac befoie 
using, to stiengthen the insulation and to peimit easA' lemoA'al at the points 
without fraying 
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A length of »<'U''tuntnn tn tli< !i(I«ttti (Ik iiiatiniil 

of iinKmtu I) ti’iiijx Mliin iimJ l)ii' Iim.iIhui of He tin Imlili jsIdKmj iii^o 

n lon!:(li of »>">iit J lonjri r Tin* ni'-nlnUoii is \f r\ i ii<fiill\ 

roinoM'il with a shaip Knifi from hoth unis of tin < onsliiiiliiii nnl from om 
oml of the oopjni wiro the pm mtion In tin: tahmi not to st rji)n tin iintal 
umhth w itli tile Knife Tin (op|ni is » diiin t ti <1 to oin einl of flu i onstant m 
wimliiif: (lu einK fopetlni to form ii spiril as iii I'ltr 1 h 'I Ills jiiiietioii is 
fie\t c\en!\ soldtiitl A pood iinthod is to unit a Iitth snhit i upon i < le in 
surface of a solderiiip iron and afti i npph inp tin lln\ tomiiinisi tin jiiin 
tion in the hot met.il from (' to /’ 1 ip 1 h 'I his is to In tin w irm jtiin tion 


o 



Hf, 2 — DIrtcri nt nifOicHlv of flnthlne the tlirrniocouple nml th rmoplle Jimctl uw fnlirattl 

The Other end of tin tonstantan wire is soldered in a snnil.u ua\ to a piece of 
copper wire about 2 or 1 feet lonp, to fonn the told ninction 

To precent tangles of the wire and wear upon the insulation it is well to 
enclosg the bod\ of the couple in a liplit iiibhei tube, Itacang tiie junctions 
exposed If instantaneous readings of tempeiatiue iie requued, it will be 
sufficient to coat the waim jiiiiction end with a pioteetne siiiface such as a 
waterproof \arnish oi a lacquer and fasten the mbbei tube down ueai the 
end with adhesise tape as in Pip 2-a If a nionieiitaii lap is permissible 
better results irill probabh he obtained bv enclosing the warn junction in a 
lery small, tbin-w ailed plass tube with one end sealed as shown in Pi" 5-b 
The junction is first dipped in melted paiaffin and, while the wav is still soft 
IS pressed to the extreme tip of the tapeied tube Tins inll exclude aii and 
gieatly reduce lag W^arming the tube will assist m getting the junction to 
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the tip Tlie open end of tlie ghiss tube is plugged to lioJd the couple in place 
The lubbei tube o'leilaps the glass slighth and is held in iilate nith adhesnc 
tape Suitable glass tubing iiiai be made bv dianing out a test tube o^c^ a 
gas flame 

It IS impoitant to make the junction CP Fig 1-b, as slioit as is consistent 
nitli stiength, piobabh about 2 mm in length Also nhen making a deter- 
mination the junction should ahiajs be nisei ted into the matciial herond the 
point C piefeiablv to a unifoiiii depth of immeision 

The cold junction nhich is to be placed in a theimos bottle should be 
enclosed in a length of glass tubing scaled at one end, and alloned to lest in 
the ice uatei 2 oi 3 inches A coincnicnt exit foi the lead AViies is betiveen 
the glass and lubbci tubing at the cold junction end These niies arc the two 
nhich connect the couple to the potentiomctei, shown in Pig 3 

SIXGLE AN'D MEITIPEE 1 ITERWOCOUPI tS ^ 

Poi the detcimination of one unknown tempeiatme the aiiangement 
shown 111 Fig 3 wnll piobabh he satisfaetoiv “A ’ is the waim junction and 



Fis: 3 — V set-up for t. single thci mocouplc and also for a tiuniiopllc 

IS to be placed in contact with the mateiial of unknown tempeiatuie, “B” is 
the cold junction in the theimos bottle “T ” The cojipci wiics leading fiom 
the 2 junctions aie connected to the potentiometei "P ” The gahanonietoi 
indicates when balanced conditions ha^e been obtained The distance 
fiom A to B iiiai be am length iccjuiied The constantan wiie in all the dia- 
giains IS lepiesented bj a bioken line and the copxiei b^ a full line 

Occasionally it is necessaij to detennme 2 oi moie tempeiatuies in rjuicK 
succession oi without lenioiiug the points It is quite feasible to do this and 
to take leadings o\ei an extended peiiod, ivith only a slight modification of 
the couple A multiple couple is used foi this puipose, and one tipe is shown 
in Pig 4 It mai hai e as mam junctions as desired, each one being connected 
to the main constantan line by a bianch of the same metal The blanches maj 
be soldeied to the main constantan wiie at am- comeiiient place A detail 
diawing of the constantan connections is showm in the diagiam “C” in Pig 4 
Each junction is then mimbeied and a full length of coppei wiie is lun to a 
similaih numbeied post on the seleetoi switch “8 ’ 

llaintenanee of the eold junction tempeiatme and the method of eali- 
biating the couple aie desciibed latei in the jiapei 
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< 0 \STI!I ( T 10 \ Of Tilt TIIHIMOI in 

A boaid about 3 inciios oioatei tlnin tin. leipiiied lengtli ot the thermopile 
IS obtained and tlose to each end a ion of slioit nails is dmtn in about oue- 
fjuartei inch ajiart Theie should be 2 nails foi each luuction plus an extra 
one at each (ud for the second kad c\iic Tliat is foi a tlieraiopile of, sav 
15 junctions 31 nails nonld be used at each end 

5Vue ot small diametei such as B &, fc> Xos 31 oi 36 gauge is lecom- 
mended and double silk co^ered insulation is lem satisfacton-, althouo-h 
enameled une mar bacc an adcantagc uheie the diametei of the bundle is to 
be 1 educed as much as possible Each ocld-uumbeied nail at one end of the 
boaid IS connected to the coriespondmg nail at the otbei end enth a leuodh 
of coppei -vnie, and each ecen-numbered nail is connected m a similar man 




186 


THE JOURXAL OF EAEORATOKl VNU CLIMC^VL 'MEDICIM- 


ner -with constantau All the wiies aie next gneu a coat of shellac to 
stiengthen the insulation and to penmt its leinoial at the tips without traiing 
Adequate insulation is inipoitant and at this stage imich tioublc maj be 
pi ei ented 

When the shellac is di^, the wiies aie lastened doun to the boaid about 
fa inches fioin each end -Hitli a stiip of adhesne tajie Then -with a pan of 
scissoi-s the niies aie cut lioni the nails 

Theie is non a nunibei of pans of cop])ei and const.intan uiies of equal 
length Ijing paiallel in pieparation foi soldeiing With a shaip knife the 
insulation is leii caiefullj lemoved to expose about one-half inch of metal at 
each end Emphasis must be placed upon the need of doing tins nith can 
tion to acoid scraping the metal undiilv Each pan of iviies is next con- 
nected by tivisting to fonn a spiral as in Pig 1-b The uircs must be so 
loined that a continuous connection is loimed uitli all the lunctions in series 
as shown in Pig 5 The lunctions aie then soldered, and an electiie soldernig- 
11 on IS piefeiable as it lemains hot nhile in use The iron should liaye a flat 
suifaee, and upon this some soldei is melted Aftei fluxing, each pnictioii is 
immersed toi an instant in the hot metal which should be deposited in a thin 
C'sen coieiing upon the wiies 

The points aie next cut hack to a unifoim length of about 2 mm At this 
stage it IS achisable to test each point to be suic that it constitutes a then mo 
electiic lunetion This is done be connecting to a gahanomctei the 2 lead 
wiies marked Li and L_ m Pig 5 and toucliing each lunction in slow succes 
Sion with the ivarni fingers A deflection indicates that the junction is in 
effectiie working condition The tests should be mode in a loom fiee from 
sudden changes in temperatuie, otheiwise theie may be difficulties in con 
trolling deflections due to laiiations in tempeiatiiic of the 2 ends of the 
theimiopilo A good plan is to make up each end of the theimopile into .i 
temporarj’’ bundle but bending each lunction away fiom the otheis so that 
none are touching Then one bundle is placed in a wude test tube while tn 
ing out the othei Piecaution should be taken when testing to ayoid breath- 
ing upon the junctions ' 

The next step is one that lequiies especial caie, namelj, the complete 
insulatmg of the exposed metal of each junction Unless this is done ade 
quately the thermopile will not be satisfactoiy Poi this piupose collodion 
has been found to give excellent lesults Each junction is dipped into col- 
lodion beyond the exposed metal and allowed to diy thoroughly Thiee coats 
are adyisable to ensure a complete coceiing 

After thoiough drying foi several hours, the junctions at each end aie 
made up into a pennanent bundle The points should each bare an outside 
position This can be done by placing 2 oi 3 points at the tip and aiianging 
the otheis closely togethei around the sides as in Pig 2-c 

Several methods of finishing the thermopile are available It may be 
enclosed in a glass tube, which has some advantages for use in phj'sical chem- 
istry but is too rigid foi many purposes in biology A satisfaetoij’’ enclosuie 
can be made wnth rubber tubing This does not inteifeic with flexibility and 
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that at /{ js required to he known, and the dependalnhtj of the couple as a 
precision instrument can be no greater than the accuracj with winch the cold 
junction temperature is known The simplest wav to satisfy this require- 
ment IS to maintain the temperature uniformh constant 

Portunatelj a constant temperature can readih be obtained in a suitable 
mixture of ice and water in a theiraos bottle The bottle should be made up 
with as much chipped ice from distilled watci as it will hold and then be 
filled up with told distilled watei Such a mn-ture will maintain for hours 
a temperature in the iippei part of the bottle which will not fluctuate from 
zero more than 0 001 to 0 002’ This uniformity cannot be depended upon 
unless the thermos bottle is well filled with chipped ice A bottle half-filled 
with ICC and the remainder with water would produce a temperature gradi- 
ent as m Pig 6 This chart shows that the required temperature of zero is 
obtained onh m the uppei 2 to 3 inches, below Avhich the tempeiatme is 
contmuouslv changing A cold nmetion resting below the 3 inch lex el would 
cause large errors in readings 
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When cletcimiudtions <\ie made o-\ei long pouods it is advisable to iiiscit 
a piecisiou oi a Beckmann tlieimonietei in the eoik a1 the cold iiuiction end, 
and to note nlien the tempciatui e begins to use Both theimonictei and 
pinction should ot coni sc, lest at tlie same lei el in the ice natei 

CAI TlmATIOK 

The uuinbei of niicioiolts iihieh the tlieiniocouple oi the tlicnnopile iiill 
generate pei degiee of teiupeiatuie dill ei cnee betneeu the tno pinctions, non 
lemains to be detei mined This lalne is obtained tliioiigli the potentiometei 
The couple oi pile is connected to the potentiometei and the cold lunction 
placed in the theimos bottle The naim iniiction is then exposed successneh 
to 3 01 4 kiionn tempeiatures The numbci of micioiolts geneiated at each 
temperatuie is diiided bv the numbei of degiees of tempera tine between the 
cold and narm innctions The lesnlts should be practicalli a constant foi 
all tempeiatuies nith nliieli biologists aic eoneeined, pioiided determina- 
tions closei than 0 01° aie not lequiied It finei leadings aic necessaiv, cei- 
tain precautions to be mentioned latei liai e to be taken 

The accuiaei nith nhich the tempeiatuies used in cahbiatioii aie knonii 
will depend upon the piecision iec|uiied iii the tbeimoconple If an acciiiaci 
m leading within, sai, one-tenth of a degiee or less is satisfactoiy, the couple 
01 pile maj’’ be calibiated bv the use of natei-batlis, the watci being stiiied 
and the theniiometei accuiate to that extent 

For greatei piecision, fixed points in theimometn such as melting and 
tiansition points aie cominonh used The folloning aie suggested 

1 Tiansition point of manganous chloiide 58 00° C 

2 Tiansition point of sodium sulphate 32 38 

3 Freezing point of distilled vatei 0 

Tiansition points accurate to 0 01° maj leadili be obtained Foi in- 
stance, with sodiimi sulphate, about 25 giams of the anhydrous foim, ep 
aie placed in a clean, ivide test tube and moistened with distilled nater The 
tempeiatnie of the mass will then slowly use to 32 38° To pieient loss of 
heat when the watei is added, the tube should be insulated and coiked The 
warm junction is pushed into the mass, and uhen the temperatuie ceases to 
rise and remains constant foi a time the numbei of microvolts geneiated, as 
lead on the potentiometei, should be noted That laliie diiided by 32 38 
will gii e the constant sought 

In all subsequent ivoik, foi assiuance that the couple oi pile and its 
accessoij appaiatus aie m leliable woiking condition a fiequent check-up 
with a known tempeiatnie is leeommended 

HOW TO APPLX THE CONSTANT OBTAINED B\ CAEIBRATION 

Haling deteimiiied the numbei of micioiolts geneiated pei degiee of 
tempeiatuie difteience, and haiing established it as a eonstant C, it is then 
possible to lead any unknown tempeiatnie to appioximatelj’ 0 01° This is 
done, of coiiise, bv dividing the numbei of microvolts generated bv the con- 
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A SBIPLE APPAKATUK FOR CLEANING COVEKSLIPS'' 


By Harold Gordon M D , Akx Arhor jMich 


T horough cleamng of coveishps as ail impoitant detail of the duties of 
the teehmeian in lahoiatoiies of histologi, p.ithologj, and baeteiiologv , 
but as usually conducted by the manual method, it is a timc-eonsuming and 
iiksome task The folloying appaiatus has been designed to facilitate this 
ivork and can be set up leadil} uheieACi eonipiessed an is a\ailable Seieral 
lyeeks’ tiial in the Pathological Laboiatoiies of the Unnci&ity of Michigan 
has demonstiated its ad^antages oier the old method ot cleaning co\erslips 
by hand Bieakages aie less frequent and se^clal packages can be cleaned 
at one time The minimum of handbng fuithei insiiies freedom fiom grease 
an impoitant factor in insuimg firm adhesion of the sections where the al- 
bumin fixatne method is employed The supeiioiity of the new method oyer 
the old, in maintaining adhesion between section and coieislip has been dem 
onstrated by actual expeiiment 


APPARATUS 

A glass cylmdei open at both ends, 2 feet in length and 2^/j inches in 
diametei, is fitted at one end into a Buchner funnel of somewhat laigei 
capacity The cylinder is fiimly sealed into the funnel y ith a paste of litharge 
and glycerin Aftei alloying the paste to diy, the union is peimanent and 
leak pi oof The cylmdei is attached to a suitable metal stand and the tapei- 
ing end of the fimnel is connected to an air pipe by means of stout lubbei 
tubing The uppei end of the cylmdei is fitted with a lubbei cork, pierced 
to alloiv the insertion of tyo glass tubes, each about 10 mm m diametei 
Expeiience has demonstiated the advantage of a double outlet m pieyenting 
the coik stoppei from being displaced when the air cuirent is turned on 
Both tubes aie bent m “U” fashion, with one limb of the “U” short, the 
othei long (see Pigs 1 and 2) 


METHOD 

The cjlmdei is filled to about a qiiaitei of its capacitj' with soap solution 
and the coveishps aie placed m the solution (The soap solution has been 
found to be superioi to any of the usual acid cleaning fluids ) The lubbei 
coik IS leplaced and the an current turned on Pour half-ounce packages of 
coveishps (oi moie of the smallei size) and three packages of the laiger 
sizes have been found to clean qiute leadilj^ The an is allowed to bubble 
through the soap solution, contmuoiislv agitating the covei glasses, toi about 
ten minutes and then shut off The coi ershps are next rinsed in foiu changes 
ot distilled yatei , each change being aeiated foi a ley minutes to insure re 

•From the Department of Patliolori Unl\eislt\ of MIchIpnn 
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fie 1 — / Glass c> Under for reccMne coicrsllps 2, Buchner funncL d 
for exit tubes i and 5 (These can con%cnltntl> be talsted around to impte 
basin ) 6 Bubbrr tublne connecting: tilth compressed air line 


ivrfornted corV 
into a sink oi 


instead of on top of the incubator or oten The actual washing of the coxcr- 
shps can easih he accomplished in half an hour and while thev take sonn 
time to dij, the intcrxal mav be utihyed at other tasks since thex retjuiie 
no further attention Although simple in construction and pnnciple toi 
the successful operation ot the appaiatus as outlined aboxe certain pre- 
cautions must be borne in mind The soap solution should not haxe such a 
high content ot soap as to rendei the solution too “bubbly” xvhile aerated 
A little experience xvill soon enable the operator to gauge the correct propor- 
tion of soap to use An excess of soap causes the bubbles to escape bx- the 
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exit tubes the solution as <i icsnlt eitliei “boiling cliy” oi oieiflowiiig in a 
niessj niaunci Tlie long ends ol the exit tubes sboiild be so aiiang’cd as to 
leacli into a sink or a laige basin The an should not be aliened to entei 
too suddenh oi foicibh and the exit should be sufficiently wide to make foi 
a leadj' escape o± the an The double exit tubes aic ol speeial adiantage 
Nvheie the watei supph is fiee ol haidness oi chemicals since tlic iinsmg 



2 — Actual pliotojn-apli ot appaiatiis The fno lines 'nithin the c^ Under aie due to 
i^etiections from its -nail The cx.lt t< bos end Immcdlatel} beneaUi the peiloiatcd stopper at 


piocess may then ceiv readih be effected by connecting one exit tube to the 
watei tap and diseoiiiieetiiig the an-tube to allow the watei to luii in fioiii 
aboN e and escape fioni below the othei exit tube allowing the an betw'cen 
these two channels to gam exit, theieby not distuibing the lubbei coik 
Pinalh , the iinsing must be thoioiigh The least tiace of soap in the alcohol 
spoils It foi subsecpieiit use and causes the con ei slips to be sti caked Com- 
plete lemocal of the soap insures beautifully clear and glossy glasses 
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MairnlflcaHon I'lZO DHm 

tine Moik 01 tliisi stuns fin hisi in nn expnmme, is inle blue sulphate 
When the bactein an pnsmt m lai<'< miinbois anil aiianired in fanly large 
masses in tiic tissiiis as h ippi ns fuipionth in tlie spleens and hnnphoid tis- 
sues of lodints and ilso oei isioiialie in man, the dee mae be used alone with 
good lesults Foi lontiiu woiK on animal tissues this is an adequate and 
lapid stain The imtiiod is snnph 

Dopaiaffinate tlie seetiims is usual and e iin them thiough the alcohols 
to ewitei If heaee metal fixitnis ha\( bein used, leinoee the metalbe salts 
in the usual nav Stain in a satuiated aqueous solution of nile blue sulphate 
for fioni fne to six nnnntes Wash lapidh in n atei delndrate rapidh 
tbrongb the lower abohols to absolute then taiix through the wlols and 
mount as usual 

•From tho Chi i<it Hospital InstHutf for Xlcillnl Pi-'iarcli 
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THE TOTJ^^A^ OF EAUORATORI \^D CLIN'ICAE MEDICINE 


When the bacteiia aie picsent in smaller gioups thej^ are somen'hat diffi- 
cult to find because of the lelatneh Ion contiast betn ecu the stained hacte- 
iial bodies and the eellulai backgiound diluting the stain and adding 

sufficient safianine to produce a puiplish blue coloi, and using this mivturc 
foi oAeiniglit staining, a much liighci coloi contiast is obtained This reu- 
cleis the bacteiia luoie leadih i isible and much easiei to photogiaph The 
method follon s 

To 60 c c of distilled Matei add 10 cc of aqueous satuiated nile blue 
sulpliate and 6 e c of 1 pel cent aqueous sairaniiie When the deparaffinated 
sections liaie i cached the watei stage stand them in tins solution to stain 
oieinight I haie obtained good stains ot eeitain tissues after onh tno 
houis in this solution but sixteen houis is better , although an hour or tno 
moie 01 less seems to make no appieciable ditleience After staining nash 
lapidh in natei and pass tliiougli the alcohols and xilols as usual 



Fie - — FhotoiiilciosTipli of stctlon of liunian lung: (cnip of BunKii anil smith) shonint 
both intracellular ind ext* actllulai gioups of 13 tulaiensc Enstnlncii sections fro*n this case 
■were xerj kindls supplieil bs Dr C M McCos Dhictor Xntlonil Instiluti of Health Magni- 
hcatlon ISijn Diani 

This method has been used to demoiistiate the Dacteiium tulareuse in 
the hmph glands spleen, litei, lung, kidney and skin of the guinea pig, m 
the lymph glands, lung, and spleen ot the labbit, in the lymph glands, livei, 
spleen, lung and kidnet of the mouse, and in the lung from a fatal human case 
This fatal case m itli neeiopst findings is being leported in detail elsewhere >So 
far as I am attaie it is the fiist time this organism has been demonstrated in 
human tissues 

The choice ot a fixatne solution ioi the iiesh tissues seems to be a mat- 
ter ot no importance When the bacteiia aie piesent they aie well demon- 
strated bx the iiile blue sulphate in tissues fixed in Zenker’s, Orth’s and 
Dominiei’s solutions, etlixl and metlnl alcohols, and formaldehyde There 
seems to be no difference iii the tiiictoiial qualities following the use of anv 
of these When examining the mounted sections the use of an orange filter 
aids 111 gixing added depth of color to the bacteria, thus increasing the con 




sTMMMt UMTlIItM TIIMnS-t IS n'"«I I '-I'llOS'' I't') 

trast As a nnllt'r of pissnijr nitti'st tins stnin .ilsa n-vcals tlx prtstnu <»1 
n wido Minotx of Indoria in tissues Piumhihh oi ( i and str(pto(oi(i an «<I1 
shown m pnonnionu lnn|,s and in tin* sinalh'i miinals the t\ pliuiini inni limn 
ilnst'plicns md lipisoptniis an oftui oin onntcn d in \aiiiiiis ((i;;ans 

Tho tidor imp irt( d lo tlio ImPrii is not a p trln iilarh "ood on' for 
lihotoirrnpliin^r Tin addition of sifr.miin jirodiiu’s a lictlt r shad' for this 
purpose than does tin nile hhu sulph it< aloin \ miiidni of iiiisin c i ssfnl 
attempts ln\( Im n nnnh' to inipioM on this 

A word IS due re^.udin;: tin findiit}: of H tnlanns* m the {_inma pif: 
luer 1 Itolnve tin \ liaM inwtr Iteen sun m tins or*, in In fon Winn nor 
in d ^'uiinM ]nps are mfiited fmin niltnns or fmni the spin ns of .iniinils 
deni of tnlaniiin tin s\irM\al jn rnul ifti'r infiition is nstialh si\ da\s and 
fourdaxs respittmh Hiin itid exaniin itions of tin Ineis of smh animals 
ha\e miisistinth failed to n\tal an\ lantern iither in oi aionnd tin tliarae- 
teristn foial innrosfs I ha\e tiied (!n iiisa stain, Twoit s lifrlitiriein 
ncutnl red niistnre as n i oniiiiended 1»\ la diiifrli nil li'.rlit frn i n followed In 
safrninne and nih hlin sulphate liotli aioin and in voniliination with a mini 
her of other d\es llaiteria an easiU ili nioiistialile in the spUms and in 
other orpins hut never m the livn This was ,i1so Lediii'.'haiii s espiiniKo 
Tin onh pnnea pi;.' liv<r wlinli li is rivtalid the orpinisnis in tin fotal 
iiceroses is the oin from an .imm i1 that Imd ileven and one-linlf davs aftii 
infection from a culture An (florl hid been m.ide to niiniunire this animal 
In intr.ipentoinal injKtion <if hninan tonvalesttnl si nun This did not pro 
tect but it did piolono life far Invond that of the other animals of the series 
and of the control animal 

MMAU\ 

A method is presented foi staunnp the Bactennm tnlarense m tissue sec- 
tions This method has revealed the organisms in linman lesions from two 
different fatal cases and has demonstiated the organisms in the luer of one 
guinea pig 

UFt tPEVCE 

1 I ('(linphsni, t ( <1 and t n-ier F R Tulnrcmn in Man From Lnbontorv Infci* 

tion, Quart J Med 17 10',, 1024 



XONPOLAKIZABLE ELEL"J’J?OJ3Ji:.S" t 


By Joiix W Wiu ums and WALrin 0 Bos( ir Nm\ Om i.ans, La 


A X^ONPOLABIZAIILE electiode seems to some an llnposslbl]lt^ Xe^el- 
theless electiodes can be made winch polaii/e less than those at picsent 
on the maiket We have dcMscd such an electiode which because of less 
heat pioduction can be ntili/ed in {iiownifr baeteiia at moie neai then noi- 



mal eiiMioiis B-s this means it is hoped an additional factoi may be con- 
tiibiited to the classification of bacteiia (i e a "lowth positive oi giowth 
negatne oiganism) and that the lethal and optimum cniieiit for bacteiial 
groivth niaj be deteiinined In addition to the application of this device to 
bacteria it maj be used in noting aetiiitics of ineit pai tides The media m 
which the bacteiia must be giowii aie liquid since the electiic cuiient will 
disrupt the solid media and cause a short in tlie en euit 

Description of Deiice Cioss section The deuce consists of a jai (4) ni 
which the bacteiia aie to be incubated Tins lai piotected bi a coier (9) 


•Fiom the Departments of PathoIog5 ana Phjsics miano Unner-niD 
Recehod lor publication June 17 1931 
t VIdPfl b\ a criant fioin tbo 'scln\aitz Re<?i iich Fund 
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llll(' llu’ to]! I't \\iu(ll I llllx tlOt |ltitj('(t' lliNtllld IS plui.U((l Ullll (tilldll 
.111(1 Is f'M tile piiipi's, (it iiiiiitiii^ Inttiiii iiild till iii> dm LiKc tidxs in.i' 
111 pluid idjiKiit to (• u li 1 It I ti I'di III »'id'’i timl liiitirm iim\ lx diawn of) 
fruiii till pull s \ilt(iu\ii ill MI dill* \\ I iiiifi li\ till jiliili IliJit I lids of tuo 
ilntmdis pmjiit iiitii tilts 111 w lull siiiiil II (lids of tin s iiiK ildtiodis an 
ri(('i\(il in pmiuis ( iips It will In* imtid 1>\ llii' Inn sli idmtr lliat tin 

iiK'dn 111 till' ill III mils till* nil and till d(S(ii1ii(l (lips is tin saiiii ii i 
liipnd nil dll ilii tin top iif i u h (|l•ltI(l(l( will In’ notid a hiilli (2) li lif 

iilli’d with till iKpiiil nil ill I I Ills nil ill I is lappid lu a lut-MtiM’ prissun 
(Ii'iinhi’r ri’siilt'iiit from the (insid stopimKs ( ii Tin prondiin in rilmfnij,' 
this till Is to dpi II till’ stopi III Ks tiid (ill till ( li’i ti mil s w itli till' iiii'dia from ( 1 1 
uid (Tt h\ nil ins of mvitivi’ piissim uid tlnn dosi tin' stopimh In this 

w.i\ should am Hind (\ ipoi iti fiom tin* (•hitin (ondiufion s\st(iii i( would 

Ih> npliu'd fiom ijl .ind thin would he no iiiti i riiptioii of (iiinnt Tin 
jioroiis ( njis n st in i |ii ( ‘ii tilh d w illi i h i tioI\ to in wliu h olm tioh ti* is (ho 
(hitrodi (fi' (onnoitdl to dm it lUiniil it isi 

This ipji.ii itiis I in ho tii't filh (1 and thin stmli/id Tlu ponnis cnp 

inn .ilso h( (o\(i((l ,ind in this wm i fin tin i p(issil)ilit\ of contaminntion 

a\oid((l rill iioions (lip is s,i (oiistiintod tli.it tho dci’tiohti dins not clif- 
fnsi> into It and lont uinn.iti tin iin'dia ( in must In t iKf’ii that the hcipht 
of tho (.Icitroh to ind iin dn In hi pt tin s.mu .ind that both e\ert nlmo<;t 
iipiil ostnotn pn ssiin Mthou.'h tlnn' will hi slight ih.inpe in the media 
in tlu pm oils till) as i nsiilt of fluid difiiision howiMi siiffitient difliision 
will not take p! u i to matkiilh iiifhniiK an oiciinsmal "lowth so f.ir re- 
mo\cd as in this lasi In tin Inniii lontnind diapiam the (Inid lexds are 
too Inoh It Is fai jneh lalih tint tii(‘\ ho inst .ihmi' the ohitiodis 



A DIAaNOSTIG AID IN OBSCURE IIEIMATOLOGIG CONDITIONS* 


B-i Carl Reich, AB , ilD ,t Ne\\ York, N Y 


T he henidtologibt is sometimes coniiontecl iMth the difficulty of making a 
diagnosis in cases uhich appear to be in aleuceniie phases of leucemia, 
but do not show sufficient numbeis of pathologic cells in the stained films to 
penult a definite opinion These patients usually picseut the pictuie of a 
severe anemia y\ith leucopenia, and it is nccossaij to eithei ayyait furthei 
changes in the peiipheial blood pictinc oi do a bone maiioyy biopsy 

The folloMing method of proccduic has shown itself to be of yaliie and 
may at times obviate the necessity of a biopsi of the bone maiioyy Ten cc 
of blood are yvithdiayym iiom the yeiu in a syringe and nii-ved with 2 cc ot a 
14 pel cent sodium oxalate solution This has been shoysn to be an isotonic 
anticoagulant ivliich does not change the loluine ot the cells t Hepaiin and 
hirudm may be used but thej are expensne and otten not ayailablc This 
mixture of oxalated blood is then centiitiiged in an oidinaiy small centii 
fuge tube foi about fifteen minutes The supeinatant plasma is lemoyed and 
discaidecl, using a capillaij pipette y\ith a rnbbei nipple attached By care- 
fully mauipulatmg the same pipette the bufly coat coiitaiuiug the white blood 
cells can be sucked up and used to piepaie snieai's on coyei slips oi slides 
These are then alloyied to dry and stained and examined in the usual yya^ 
The method outlined aboye gnes us a liistologic picture of the yyhite 
blood cell content of 10 c c of blood <ind yyill often clinch a diagnosis yvhich 
could not be confiimed fiom films picpaied from tin* usual single diop of 
blood 


•From the Achelis L.aborator} Lenox Hill Hospital Heiv Volk 
Kecehed for publication Mat 21 1931 

t Vssi>itant Bacteriologist and Attending Hcmatologl Clinic Lenox Hill Hospital Hew 

\ ork 

tHaden K L Technique of Deteirainatlon of Eelatlte Mass Inditldual Cell Volume and 
\olume Index of Ertthiocjtes of Man J Lab &. CuN Mfd 15 736 3 930 
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H\ (’ii\I!ii>B I)(Wm Mj mi kiv Tinn 


T H13 (listilliiit: iiihiimi ‘■Imuii in I m 1 wn*- iliMciml for ilii',!' frnticimlion 
of vniill iiiniililns of Iniunls !ii\iiiir itlitn«]\ in;:!! hoilmtr poiiils It h 
bun fouml s-iti-.f n toi \ foi ii ition of lower boiling InjiiKls ns will It «oni 
biiKs bidi t'fiit ii iH>\ willi (imisii t! strcnitih ind i onijm tin s.s and (:i\ps tin 
ojxritor lontro! oui tin distill ilion to .1 diem that is iininitciad h\ ,in\ 
otlii r cohinin tin w ritt r li is list d 

The doMu will In n i<lil\ n(o<;ni 7 ul is .111 adai»laIion of the AWst roii 
dinsir* III ( ninbinntion with .1 \ i-rn iix (oliniin Tim inimr tiiln is made from 
liebt nr medium wall IH n \ liibiii*' wlios, diann ti r is dnpi ndoil on tlio lonafli 



of the column and the (juan1it\ of mateiial to be used with it An internal 
diameter of eight milhmetcis is sufficient for handling small quantities The 
indentations are made bi heating small spots in a shaip flame and pushing them 
in with a bent knitting needle A deep file mark on the lattei serves as a depth 
gauge The indentations aie made m groups of four to eight around the tube 
and the gioups are spaced about three-fourths of an inch apart This tube 
must be well annealed, particularh if the column is to be u«ed for low pressure 
distillations 

•IFYora the Unhersltj ot Tennessee 

Recehed for publication Maj 11 1931 

tWetit, F S Industrial and Emrfneerlngr ChemLstu 20 No 7 p 737 
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mi KUHVAI/ 01 lAlJOiarOM \M1( oink AI AIIOtdNf 


The lackct is made of Iicaw wall tnbiiig of a dtainclei that aviJI allow a 
space of about one millimctei between it and the innei tube Olhei constiuction 
details aie cleailj showni ii\ the diawmj; Foi the smallei sizes, the leducei 
showni at the lower end is iinnecessai \ , as the laeket tube is small enough to go 
into the neck of a flask 

This column has no tliin-w ailed bulbs oi fiagilc si])hon tubes that aie easih 
bioktn in handling The picket, in addition to gning- the column great 
stiength, aftoids piotection against an ciiucnts that often niomentarih’’ stop 
the output of distillate fiom othei columns and cause c\aspeiating fluctuations 
in temiieiatuie To secuie the necessaii condensation, a stieam of conipiessed 
ail IS led into the lacket thiough the uppei side tulie This puts the heait 
tiansfei fioni the innci tube inidei confiol of the opeiatoi, and mateiialh 
speeds uji distillation It a column o1 suitable size is used, it is seldom neces 
san to Intel nipt distillation to cliain lic|uid fiom the column 



DEPARTMENT OF REVIEWS AND ABSTRACTS 


lionrrr A Kiwtrrr, M l> , Ar rrtrr I t>iTo 


PNETOIOCOCCUS Ti'TING A IiIlcro--coplc MctJio<l liy t!ip U'e or SUlnrd Or^ii Dm 
Caldcr R M T \ M \ 07 i '■>' I"-i 

Till iir;,uii«tiiv nri prtpinil tii ii“'ii ti >•> fi>r iii "mIiii ir> ni i r('“i t'l'iii^, iii 1 i 
ilruji i' inJiin iip In ti <" tpillnri [ii|i<tti ninl (nii«fi tn d In • n Ii nf tin f'nir iimr 'lip 
\tinll rr cipiUir\ pi]v Up t« InM fur i i ihiik lit iti It liiiO'i n ll iim ti> ■•i il it' nnl iml In ini 
It into tlip rnrm ii{ i nii ill ImnK Tlii« limd i' ilippi 1 mtn tin (.i iitnii muIpI •■(iliitifin tii '1 
Hip ndlirrinf; lUi m nllinn d In dr\ rimiplitil\ Tin *-111111 !•* MutTiiI iiitn tin drop iif li iPt< ri il 
'U'pin'ion on tin miir «li[i Hid m tin film ol dii <111 tin liiink i» iiri tliiii (In iiniiinit 
niiii.d ivitli tlip dritji of *-11 pin inn < iti In miitridlid miiiritili Tin ninnint nf ihi to In 
ivorliPd into (In' drop to "-iiiiro tin In t 't iiniiij, r in In it ■(.' d t imh ofti r i littl' ivprrKini 
If llic dll n« It I null ' off tin InroK -pr nd*- in 11 nil tliroii^li tl > drop o >-(001111 lopilliri 
hook, iritlioiit 'tun ion Iio 11 --i d to 'n iin on run iiiivtiiri Tim orpnii ins toko up tin 

dvi. 'clprliiilv mid 'ipp< ir «“ di 1 ph stiimd liorti ri 1 m in iiiistiimd nr f iinth Idiii'Ii 
mi'dium 

After tlie drop In' hnii 'tiimd mpi il tolniins of tin diliitisl si ruins in added In 
oapillan liilio and tlioroi t'ld' nii\od mtli tin sn pi nsiofi In iiioiiis of r ipilhri ImoK', care 
licinc taken, of eour«e to ti'i '-npirati stirrinj. rods for « ai li of (In \ irions pripanlions 'o 
as not to mis tin spniins In the ordimri tipint. four lnticin„ drop prepiritions arc 'ct 
up, one for enh of the three tivrd (ipis mid oni ivithniil si ri 111 for loiitrol The eoier slips 
are inicrted o\cr holloii (jroniid slidi sealed and plnid in tin sh ikiiii; ninliine iilnre fiii 
minutes of shakinc ii>ii ilh liniij; ihont stifliiieiit itchidn itioii to hi re id irith tin 4 tiini 
ohjectiic 

ANEMIA Pernicious Eolation of Achlorhydriu to Moschcowltz. E knli Int Mid 48 

171, IHTl 

irom a fairlv (Oiiiprtliciisiic rciieu of the siibjiit the iiithor loiii links tint 

1 Aeldorhidria is 'iifh t eoiistant sitni in pernicious aiienin tint prolnhli no t I'c i' 
lalid unless athlorhvdrn is present 

2 Aehlorlndrii is not the result of the dise I'e hut is prinnrv I-inkncc for this is 
sliovrn in the fait tint there is no diinini tioii of hidroeldone iiid in the progress of a c ise 
of pernieious ancnin and tint aihlorlndri i is present from the onset, that aehlorhvdrii 
persists in the stage of remissnm and tint it Ins been found freriuenth for sears hefore 
pernicious anemia hceamc manifest 

3 Achlorlndria occurs normalU in a small per ent ige of persons In order to determine 
tins percentage, it is essential tint mass studies he made «ith not only the fractional method 
of testing gastric secretion, hut the tests with neutral red and histamine as vrell The per 
centage of persons uitli aelilorhedria npparenth increases with each decade It is extremeh 
rare in childhood 

4 Aehlorhedm is often present in lertain families In families in whith 1 case of 
pernicious anemia has occurred, the incidence of achlorhedria is much higher than normal 
As this incidence increases in each decade and as aehlorne dria is exceptional in rhildhood 
achlorhvdna itself is not transmitted hut onlv the tendener thereto 

5 Pernicious anemia is frequenth hcreditarv and fimihal M I, ether pernicious anemia 
IS alwais hercditari and whether it is a dominant or rcccssiic eliaraetcr and transmissible 
acinrding to the mcndclnn law cannot he determined until such families ire studied with 
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iiiL Toci.N vr. or lAnoiuromi and <iiNtf \i. midkixj 


piificiiltr iiftriiKL 1() II lilorln (In I iiirl mill i((iiril( In in itoliifTK ( \ iiiim itiiuis liciiiff inidi 
for till CO f'ciicr itinm lit Joist 

ti Q lie n 111 ibk cikIiiik. is not toiiuimiiit fli it JJofliriui tpli iliis 1 itua ( itiscs jicrmcioiis 
niicmi i 'llieic is fiToniid for lidioiiiitJ tint siuli iijiortoil (.■isos ii-prLsciit mstmucs of true 
pciiiuions ‘iiioiiiin tli it liijipiii to be nssoii ifoil ■mtli infestntion mtli Bothnoctiilnliis 

7 Tlicrc is I difinitc relation betTiccii ai lilorlii dm iiid iiiciiiin, of tlio peimcious, 
socoiitinii md elilorotu fepts Tiie Iilood of reiitocs of piilifuts ^MtU pcrnieious 'mctnia 
slioiss elniigcs, eibieb somitiiiips inn be regirded is tlie eiiliest or pieehuieil evidence of 
tlic disc ISO Foi di igiiostK pin poses, it is impoitiiit to rieogiurc tins predinical phase 

8 The dcieUipnuiit of poriiieioiis tnemi i aftei in aeipiirod u lilorlii dn i, for iiist meo 
after complete g istric rcseetiou, lias not detuutch been pioitd 

9 nil of tlie so 0 died “seecie anemias ’ of prcpniinei (eseliisiei ot tliosi duo to 
liemoriliage or sepsis) rcpiesent eises of true piriiitioos iiicmia in iiliicli tlie p itieiits Jim 
become pregii int IMietlicr the prcgii iiioi is the melting futoi in pitieiits mth a ton 
stitntion d tendeiui lemains to be prosed 

If) The amnm of spnm is often issoeialtd mill lehlorliedri i It is not aet cst ibbsbed 
lioiY often addoibidria is leejiisrcd or is a constitution d tondcnce in this disease 

11 Addnrhulni is the most tangible but not tlie onh oiidtine of tbe eonstitutional 
bachgronnd of pernnions incmia In all probibilifi )itrnieim s immii represents a eombina 
tion ot a doficicme disease mil i laih of a gistrie hormone 

TISSTTE Modification of Mallory Heldenhain’s Dlflcrential Staining Method and Adapta- 
tion to Tonnalin Fixed Material, Kemohan, J W \m 1 Clin Path 1 .')<>, 1911 

The foinialni fixed tissiios aio Hashed in running « dei oi iinmonn Hater for i shoit 
time The lattci proeedinc senes to ineicnt the neeimndition of “form din precipitate'’ 
on the St lined prcpirition The tissue is then pt ued foi four dies iii Weigcrt’s pniinrv 
inoidant fm mielni she iths (pot issmin bnhioinite I gin , diioniiiim (liioiide 2 gm , Hater 
100 ee), and for two di\s in Meigort’s sciondii' nioidiint foi iindin shciths (acetate 
of copper ■) gm , diioniiuiii fluoride' 2 1 gni , lectie iiid, s(i per leiit lie, water 100 ce , 
foimalin 10 i c ) It is then oudicddod in pai illm md st lined in the usual Hin with 
'Mallois’s pliosphotungstic ii id hem itoxilin or othei stiiiiing methods icquirmg /enker’s 
fix ition Tins diffeii iiti ites the ncinngbi, fibrogb i, etc, as satisliutoiiK and cle irl} as if 
tlic tissue had been fixed iii /eiiker s solution, md cxcdleiit it'sidts haxe been obtained 
altii the tissue has heiu fixed sexeud ecus in foimdin 

VACCINE THEEAPT Principles of, Kolmei, J A Vm 1 flm Path 1 .79, 19 il 

1 1 aeeiiies haxe proxed of iiioie x due lu the piexention thin in the tieitnient ot 
disease 

2 Methods of piepaiatiQU of stock and intogeiioiis xilhius ippi ar to hixc m mi 
poitant be inng upon then therapciitie x iliio 

3 Successful laetine therapx demands acem itc Imteuologie di igiiosis, especinllj the 
cmplovnient of proper and icciptiblc iiiethcids foi securing the important oiganisms of m 
fection tor the picparatioii ot autogenous xaccines 

4 Veil prepared lutogeiious xaccines aic to be prefened to stock xiiccmes in the treat 
nient of disease 

0 Vhcncxer possible xaccines should he composed of hxiiig oiganisms of reduced or 
modified iiiiileiice oi so prcpaicd as to ippioich this st ite as iiearlx is possible 

6 Bactcriologic toxins ii tih or without modification should aln ixs be incorporated or 
used xxheiicxer possible m the preparation ot xaccines 

1 The steiihzatioii cf xaeciiies xxitli chemical agents or bx filtiation is to be preferred 
to stcrihration bj heat 
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The rtioilitiin is n-t to [iri|iire mil im filti riii^ nr In iiiiir i- iim- trt »iti • tin fluidi* 
•ire perfeeth nii'ttlili Wtirii [mn iiipn dti lit- nrt it nl tin rt-iiltnit ilind In- tin tih intni.e 
over licto|iIienoI in tint tl is jiirfiitlv inlnrl'S' iinl ir iiisinrt.iit Tin iiipri iln tits -lioiiM In 
nii\ed in the nnler pitcti iIkhi mil it i- nhi-ilih to t i fri-’i iiu Iiiim i n h tiiiie 

Method of Clnriiif. i-iiiiii ilnriiip iiinlmiii is ilri'iijiLil nith i ]ii]ii tti on the eell 
of an cxcaSTtfil slide ind tin iiitiri ohjiit or its p mt i- tin i n-i iii n In to In ck tn d 
IS cirefulK drojiind into the itndiiitii iiid tin. i ell coitrid irtlh i lotir (.1 1 “ Iminedntoli 
the cleannp of the jiirts lupins to t iKi (iliti nhnh sliotild he n itdnd throiiph n Innoetil ir 
nticroscope Tin ntedmm nin coiim iiti nth In ii-id i periiniicii‘ iitotuitniit tnth sittsfntori 
results \ Xeimtode and a siinllh I trt t iitoiiiitid in this tiiediimi more than a month haik 
althoupli siiflieientlv elr tred haie kept tin ir orieiiial eolor 


UEINE The Number of Formed Elements in Heart Disease Sterrart H J and Moore 

NS r < lin Insist 9 ^tm ]<Mi 

The nutnhor of easts found in tssche hours is usiialh iiurtascd in patients suffering 
from cardiac disease, iltlionph the niiiiihcr mas he normal If the aserape numbers are 
considered, the prcati-t nuiiihers were passed lis tbo-e pitients nifering from he irt fiilure 
of the congestne tipe the niiinhtrs were fewer ifter reioters and fewer still m tho-c who 
had never suffered from this illni -s Gr inul ir r ists were fre<iucnth fonnd 

The number of red blood cells in the urine ot lutieiits who had evpentneed cardiac 
decompensation w is fnquenth preater than the hiphcst normal t tine, hut within the limits 
in those who had never suffered from heart failure The aierage number of rod blood eoll- 
found in those cases which had never tvptnenctd heart failure w is twne as gre it as that 
in normal individuals in those who were suffering from heart failure or had recovered from 
It, however, the average ntuiiher w is 10 to I'l tunes is great as in normal individual- 

The number of white blood nils was iiornul m the urine of tho-i [utients who had 
not suffered from heart failure but the iverapt number was approvim itelv twiee the average 
observed in normal individiuls The number w is usiialh within tlie nonint range both 
during and after reeoverv from tardiae dceomponsation , tic average number, howerer 
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A IS gi enter npproMunfch 9 nnd d times respccti\eh tlmn that in normal indiiiduals, the 
aicrage bei)ig less in patients iwthoiit heirt failure th m in those ivho had recenflj recoiercd 
from it and loss than in those nho ncri still siitTering 

LEPROSY Histamine Test in the Early Diagnosis of, Kodreguez, J and PlantUla, P C 
Phil T Se 46 12d, 1031 

When a dilute solution of hist imine is pricked into the noriii il shin, a reaction takes 
2 )laco in about tncnti seconds, starting nitli the appearance of i circulai, sharplj defined, 
local reddening suiroiinding the jirick, and nieastiring nhen ftilh dcieloped from 3 to 4 mm 
in diameter This is folloned in mother fifteen to thirti seconds bi a flush or “flare” 
that appears on tlie surrounding skin It is of the utmost iin[iortance to distinguish this 
flare fiom the loi il icd re ictioii Tlic flare is dirk red or scarlet contrasting inth the 
blighter sh ide of the latter, it lias diftiised and often crenated holders that mai extend from 
2 to 3 cm from the center of the reaction Soon after the appearance of the flare, a discrete 
wheal foims at the site of the prick, this is gtiieralh at its in iMinum dcielopmcnt in from 
three to file minutes, it which tune it incisures fiom 3 to 4 mm in diameter and about 
1 to 2 mm in height Tlic wheal iisii ilh occui ics the nrci originalh covored be the local 
led reaction, although in main c iscs the two do not coincide, the wheal being iisiialK smaller 
than the localized red area 

The full reaction of the noimal skin to Iiistaiiiine, consisting of the local redness or 
vasodilatation, the flare, and the edema oi wheal has been called bi Lewis the “triple 
response ” 

In most of the author’s tests, thei hue used a 1 to 1,000 dilution of the phosphate in 
normal salt solution With stronger solutions i larger flare is oceasionalh obtained, but the 
reactions arc not as constant as with the 1 to 1,000 solution 

A small drop of the solution is carefiilh placed within the suspuious macule to be 
tested and another is dropped on iioiiual skin it least 2 1 cm from the border of the lesion 
for control With a sharp jiin, a prick is made through the drop into the skin underneath, 
taking care to exert 3 ust sutficicnt pleasure to dnxe the point through the epidermis without 
causing aiiv bleeding The liistainiiie solution is wiped off immcdiateli, and the pricks arc 
eloselj obsened under good natural light 

The test IS said to be iicgntiie when the complete response is elicited and positue 
when the flare is absent 

There arc some individuals on whom the noimal rciction is diminished, in a few, the 
flare is so faint as to be practical!) absent When the response is weak and the skin tested is 
on an extrcinitj, the flare may bo brought out to its maximum extent and inteiisiti hi 
prcMousl) congesting the extremiti with the help of a liioad rubber hand or the pneumatic 
cuff of a blood pressure apparatus 

KESULf OF lUE HIS^AX1I^E TLSf lA LEFKOSA 

In the pale m icule The flush is alwnxs absent in the dc])ignicntcd m iciilo of Icprosi 
When the histamine imck is made just outside the bolder, a flare develops on the normal 
skin but stops sharplj at the bolder and docs not extend into the iiincnle When the prick 
IS made just inside the border, the flare is jnevcnted fioiii ippeanng even on the bordering 
noimal skm 

A woid oi caution must be given at this iioint The flare gcnerillj m isks the local 
lodness following the histamine test on the noriiiil skin AMieii the flaie is abolished is in a 
lepiotic maeult, the loc il redness becomes proimiieiit and may be mistaken for the flare bv 
the beginner The area of loial redness is sharply localized, circular in shape, bright red 
01 pink m color, extending at the mist 2 oi 3 min bevond tlu when),' ind tends to become 
cvanotie betore fading On the othei hand, the fl ire is not dcfiiutclv localized, the size is 
iisiiallv about 3 to 1 cm in diainelci, irregulai in sliajic, altliough it tends to be oblong vvitli 
its long axis along the length of the member, ind the color is d irk red On fading the flare 
becomes speckled, but tlio lolor reni iins the siiiie from beginning to end 
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REVIEWS 


Books foi 1 {CMC« should 1)0 split to Dr Wiricii T Viiif,hiii, Biofcssionnl BinldiiiR, 

Ricliinond, Vi 


Ti aiima, Disease, Compensation 

'^IIE title IS at once siiggcstnc, itiiiindiug the londii to -Hint i grc it esteiit tompeiisstioii 
featuics enter tod n into tlic tiLitinciit of jn)nr\ and distsst iiiiong the working chsscs 
We find a compiehciisnc \oliinic nhicli on tlie nholc, honixti is rather dissppointiiig The 
first chapter deals nitli the basis and seope of workincn s eoiiipins ition and the discussion 
of the problem is ror\ s itisfaetorr, piescnting is it dots ictiial pidgmcnts rendered rroin 
this point on, lioneier, in the discussion of the \ inoiis diseases Mliieli inai or iiiaj not be 
come compensable, the infoini ition given does not seem to be quite definite enough This 
appears to be due to the fact tint iiith some csceptioiis, the references recorded arc not from 
original sources or from legal decisions but from leri gcneril textbooks and sistcms of 
medicine One nould bo unable on the nitiicss stand to quote mth nn\ feeling of authority 
most of the stitiments made but uoiild feci the need ot first eoiisiilting the original aiithorit' 
and making a more detailed stiidi of the spicifie problem 

Furtheimorc theic arc several siibicefs 11111011 come info eicndai medico legal questions 
today ivliicli aie scarceli touched upon Such is the goner il probUm of carbon monoxide 
poisoning 

The final chapter dealing mth established latiiigs foi pciminoiit disability folloinng 
accidents is helpful 

Unfoitunateli there arc few authontatno loliiiius on this genor il subject and until 
more appear the present one mil be of distinct aid The rciiciicr hopes, hoiicicr, that m 
his next edition the luthor will devote Iiiin‘'clf more to spcnfic casps than to gintrilities 


Ideal Marriage Its Physiologs and Technitltief 
IS the tiqie of loliimo that can bo rcMcncd in sevei il nais Alain will declare that 
then, is no justifiiation tor a tieitise on the technic of loitus lud that the lolnmc should 
be suppressed Others will h ul it as a pioneei in the cmain ipation of current thought fioni 
the pruderj of the past The tiuth lies somcnhiie botnein 

The reiiewer has felt that the test of the book is not in its reading but in its abiliti 
to solve the marital problems nhicli its author asonns us tint it will help sol\e For this 
icason wo haie delaied publication of the leiieii foi se>eral months aftei the reading of the 
volume during which tune lie haie used it in actual pr'ctne 111 a small silected series of 
situations in uliich it appeared that such a fi ink exposition uonld be desirable From this 
study the reiiewer has reached the follomng eontiusion 

'Tiauma Disease Compensation V Handbook of Theli Medico Ia;t. tl Relations Bj 
X J Fiasei MD Clilef Medical Otflen T\ orknien s Compensation Boaid At Innlpeg Clotli 
Payes )24 Philadelphia F A Dalis Coinpam 3»30 

tldcal Moiriif,t Its Pin siolofti ind Technique B\ Tli H AMn de A tide MD former 
V uuectoi ot the Gi naetoloEdcal Clinic at Haailem Tianslated hi Stella Blow no Intro 
duetiqn hi J Johnston Abralnm CBF DSO Alt MD CioUi Pises 323 Men A 01 k 
Coiici-Priede 192S 


Non In so far as practicable the book iciieu section mil piesent to the reader (a) 
mteiesting knowledge on the subject under discussion, culled troin the lolume reiicued, 
md (b) description of the contents so that the readei max judge as to his personal need foi 
the volume 

We trust that the scientific infoimatioii printed in these pages mil make the reading 
thereof desirable per sc and will fherebi jiistifi the spice allotted theicto 
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EDITORIAL 


The Effect of Carbon Monoxide Poisoning- on the Heart 

C ARBON monoNide excits its poisonous action hi combining iMth the hemo- 
globin of the blood theiebi depining tlic blood of OMgeii The affiiuti 
of eaibon monoxide foi hemoglobin has been estimated as being about 2')0 times 
the affimti of oxjgen foi hemoglolnn Theiofoie, when once caibon monoxide 
has become attached to hemoglobin, oxigen is tionded out as it neie, and, being 
deputed of its method of tianspoitation thioiigh tlic blood to the tissues, it can 
no longer leacli the lattei As a eousenueuee the cells of the oigans and. tissues 
of the bod-^ aie tirtnalR aspht xiated dung foi lack of 0x3 gen The most 
stiiking anatomic change lesiiltant on this consists in minute hemoiihages, 
blood passing out thiougli the damaged blood tosscl walls into the tissues This 
mat occiii in ant tissue of the bodt, but since the neite cells of the cential 
neitous ststem aie the most sensititc to oxygen deputation, the most chaiactei- 
istic and constant findings m caiboii monoxide poisoning aie m the biain At 
aiitopst small hemoiihages 01 extiansations aie found seatteied thioiigh the 
lain substance If the tietim lites long enough these hcmoiihagic aieas 
soften imdeigomg cystic degenentioii 

20t> 




\\ InU' vuhd thi' liluiliUH in tin t«t\<tus svstnn nn tli< iiifisl 

I lilt It t( iinl tlu' iiiti''t t oust lilt siiiul II « li iiitrts in n iimiii hi ntlici op^'iiis 

of till' liiiih It M IS itiil until I'tl’ltliit itn sjM ( ml stiiih njiin us in li m lx i ii 
in ult' ni till ifiutsnl ( iilinii nioiioMili pnisnniiiT on tin In.iil 

111 tills \( II /oinliK of till’ 1 iii\iisit\ ni Hoilin ni.nii < iiilul siinins ol 
thus < ISIS nt illnimiutim: is innsontiit: \ 1 ! tlim uioMml In inMitnni 
to tin iisii il ilinn il stmln s i ui fnl kiokIs mni' Iviijil of tin piilsi uni tlio Iilnml 
piissijii 111(1 \i i\s Will in nil 11 pi ill ilh to (liliiiiiiin tin si/o of tin In lit 
\s 1 n suit of his siuilii’s /oiiili K (oiniudiil tlint i\iii in p.itnnts who ikomi 
from tin ifiuts oi ;; is poisonuii; tinii is ihliiuti iMihini of d iiii itr< to tin 
III lit 111 ' disiiihid 1 (oust Ult uni diiitiiosin loniplov loiisistiii" of (il i 
]iionouinid l ill of hlood piissim wlinh iisinlh lists foi ihout i woiK (h) 

I ijud )»ulsi it tin hiL’itiiuii" folio.Mii iisiidh on thr third oi fouilh d.i\ ot 
loin ill SI ( in I l)^ 1 pioiiouiiiid slownii: of tin luilsi to distiinlh hdow tin 

noiniil 1 iti This dsn l.ists simiiI di%s ii i Tlnii oftin .iKo dmlojis 
m(t'ul.uit\ ol tin In ut iisii tlh i onsistinir ot t\ti isvsioh s oi i |iioiimiinfd 
nspii itoi\ uiIiMliiiiii Ills \-i.i\ stiidii s d( nioiisti ill d (dl .i dcfiniti' dil ita- 
tion of tin hi iit followin*; ums poisoniinr usii ilh lx iriiiiiiiif: mi\ slioith .iftPi 
till' poisonimr with a n i o\i i v fiom tin dil it itioii afici thiu'oi foni da%s Tin 
di'irroo of dil.it ition ippi uid to \ai\ di pi inline upon the piorious licilth of 
the In III In one < isi tint ot a tlint\-M ii old in in the dilatation did not 
ipiK n until till tlind di\ nid m this i.isi, at the iinl of two weeks the patient 
was still suftimi" tioin siniptoii’s dm to tin i udi.u dilitition ’ ZondiU 
spi iks of this t\ lie of 11 ai tioii is di I m d dilatation 

Til the sum m.u H faihiniiui of tin I iu\iisil\ of Mumeh oontiimed the 
woik of Zoiidik III a iipoit in whnh hi st ited th.it he also had ohsmod sercial 
f isi s with siniilai in ut iliineis IIi iKo iijioilcd the uitopsi fiiidiiies in a 
rase of 111111011101111" tris poisoiiiii" in whnh he touiid multipU hemoiihagcs 
in tin hiain siihsl.um uni aii inliistitnl ind jiauialn ni itoiis nnoeaiditis 
vlinli he flit w.is dui to tin iftiits of the g.is iioisonnm; This nuestigatoi 
hid filled to dimonstiati ehangis m tin Inail imiscli m expeumenln! animals 
following (.iiboii rnono\id( iKiisoiuinr, hut in this conneftion he lemarked 
neveitlukss tin lasi whnh 1 li.i\i pist desiiihed innst he tonsideicd pioot 
that carbon monoxidi ixusimiii" f\ei 1 s a diieit toxic tfioet on the heart muscle 
which in strcie casts m iiufcsts itsilf as an interstitial and paicnehxmatous 
m3ocaiditis ” Conccinimr failuit to find those heart muscle changes more often 
at autopsc he slates that with the methods of microscopre examination that are 
available the nijotaidi.il clianaes art of such nature that thex can easih be 
oxerloolccd and indeed can onlj be found after prolonged stride with serial 
sections 

In 1920 G Hei/og reported his studx of the pathologx of illuminating "as 
poisoning befoie the Medical Soeietx of Leipzig He found as regards the 
heart, that eight out of ten autopsies of persons dead from gas poisoning showed 
evrdenee of damage to the heart muselc He described the mieioseopie°findin"s 
as being chieflx hcmoi-ihagic necrosis and leueoextie infiltration In one noman 
of thirtx tears who died three days after the poisoning there was a verj^ pro 
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noluiced dilat.ition oi llio loit side oJ the ht.iit One eliild iiiio died 1^^e)l1^ 
tJnee d,ns afloi "as poisonni" sliowtd iiiaiUed changes in the Jieait inuscie 

In 192’) (Uuich of the Pathologu Institute of the llanibing-Bppcndoif 
OeueiiiJ Hospital again eonfiiinod the Moik ot tliese othei iinesligatois, adding 
ndditional cases ol his own In thiec ot loin latal e.ises he found the diaiactci- 
istie Iicaif Iisions lie lemaiked on the oceiiiieiue of the niiimtc hemonhages 
in the lie.iif muscle sund.u to those found m the biain He tuithci xeniaiked 
on the gieaf laiiation ot the leaetions and findings in indnidual tases One 
pel son m.u manifest seiious damage while anotiiei shows little oi none of ,i 
jioimanent natiiu Foi ovarnple, two bioflnus who died at the same time Horn 
gas poisoning One showed the ehaiacteiistu heail changes while the othei 
f.iikd to do so This anthoi helieies fiom Ins studios Unit the gas acts as a 
diiect iioison to the lieait muscle cells 

Coiiccimng the ultimate dianges m the lieaits of ])eisons who iccoici fiom 
gas poisoning wt can ol couise h i\e no intoinmlion Init (lUiieh hclicies iioni his 
studies that theie inohahh icmanis some iieimaneit damage with seal tissue 
foi Illation in the lieait 

In 1930 jMaitm IsiaolsKi ,md Hinst Hiieas, woilung in Zondek’s Clinic 
desenhed two additional cases of illuminating gas jioisoning both of which 
eceutualh' loeocoied, in both of whieh \-iac e\amination showed OMilence of 
homoiihago into the lungs and m one of which theic was a dilatation of the 
heait siniilai to that pio\nousl\ desciibcd In Zondek 

How aid W Haggaid m 1921, studcing cNpenmciital eaibon inonoNidc 
poisoning in animals concluded that tlieic was no diiecl action of tins jioison 
on the nones contiolling the ho.ut It will be noted in tins connoclion that the 
woik of the Ccinian iincstigatois aboie desciibcd indicated that the jioisonous 
effect of gas on the lieait was not on the nci\es contiolling the heaitbeat but 
on the heait muscle itself 

In compaiiiig tlic jioisouous effect of pine caibon niouoMdc gas with that 
of illuminating gas Haggaid found tha^ the accesson to\ic substances piesent 
in illiimniatmg gas in addition to eaibon monovide caused moic lapid asplnsia- 
tion than pine eaibon monoNide, due to the fact that thoi stimulated the ii'spiia- 
tiou, theicbi hastening the deielopment of lespnaton fatigue and failuie 
hut uiidei the coiidifions of the c\pciimcnt, he found no e\idenco tluif these 
nccessoiw substances wcic ui and of thcnischcs diiccth oi lapidh Ionic 
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FA L RING the tout>e of tudns on h% pertt nsiou ((‘itaiii thanjics in tlic heart 
were foviiul mIikIi seem to hn\e some relationship to the decompensation 
which sometimes occurs 

This report is In'-ed on ten cases Tlu% all had one feature in common, 
congestnc tspe of cardiac failure with dxspuea on evertion csanosis and 
edema Tlie blood piessures lantred from ICO to 255 

The lnpeitrop!i\ was niaikcd in nil, the weijihts ranging from 450 gm to 
1110 gm With the exception of the presence of man\ small scars the m\o- 
tardium presented no niaiked gioss changes Infarction was absent m all 
Its consistence wns more oi less diminished and its color slighth mottled 
A ellow -brow n red Microscopicalh \or\ numerous neci otic foci were found, 
most fiequcnt in the left sentriele and the inten entricular wall though pres- 
ent to a much lesser degree in the other chambers 

The Aoungest lesion iinohes onh an indiAidual or a aciw fcAV fibers and 
consists of a granular degeneration of the cjtoplasm, sometimes Avith, many 
times without, a cellular infiltration Wlien piesent it is usually pohmuclear 
but rapidh becomes mixed cell in tApe The ectoplasm rapidly disintegrates 
and apparenth lK[uefies, when the nuclear lemains and the infiltration of cells 
aie more prominent The edges of the adjacent fibei-s hace cross stnations 
consisting of a row of eoaise granules The lesion sometimes seems to be of 
more rapid ecolution and leases onh' a netAvork of capillaries with disinte- 
grating muscle fibers and a erv slight cellular reaction OeeasionallA' the cell 
reaction is of a sharply poljniuclear character ilore frequently it consists 

Pathological Laboratorj Cltj Hospital Bepartment of Hospitals xyelfare 
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Fiff 1 — EarU acute mlllarj necrosis shoaing- gianular degeneration and slight Inflltia- 
tion In the upper portion of the field Is the edge of neighboring lesion slioi^lng the fibrllnrj 
structure and earlj connects o tissue reaction 



Fig 2 — A slightl> more adeanced lesion "with almost complete oisappearance of the 
cjtoplasm and cellular reaction of Ijmphocjtes monocjtes and a \er> fen polynuclears The 
neighboring fibers haee the earlier granular appearance _and loss of strlatlons 
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Fie 5 — A later phase ttUh the predominant infiltration h mphoc^ tic In character and with carl> 

connocthe tissue reaction 



^1^ 6 A mlllarj scar with >oung connectKe tissue and almost complete disappearance of 

Ijanphocj tes 




TUI ni 1 OMPI t» HM 1 KTI Ml \I!T 2J~I 

of jioh mn>l(' irs iiioiio<'t«s iml h niplim \ tts m \iii\iiik j>it)itortKm As llio 
loniioetuo livsuo bivqiis to prolifn.ito tin hmpho(\t<’s li nd to prodoininat* 
nul finalh tonijibtoh distppi.ir bnMn.'oiih .1 Jiiili ir\ si ir 

Assoiialoil \Mtli till so Ill’ll osos tlio iiiMH inlimn prisints n inarbid fraj:- 
montation nul an ns of liiio w i\ \ libnll 10 Thf'' n ''Oiiililo m n closi'h soiii<> of 
tlio loMons foiniil in isoialttl lonto nnoi.inhtis 

Throo of till' I ISOS woro assooi jt« il with s\plulis ^pnoihitis ]iouo\cr 
coiilil not 111’ ilonioiistntt li in am of fholio.irts from tin si < ists S^pJnlis u,is 
most hkoh siniph nn nssoiiatul disc iso umolatid to the li\ pi rtonsion All 
the insos noro o\nininod for tin jirosiino of liictini nitli no^ativo rosults 

ro\( 1 1 siosv, 

1 "Murosoopu li sinns of ilto lu irt ni a si rios of ton lasis of li\ porlcnsion 
with con"osti\o t irdi II f uluro aro jinsintod 

2 Then consist of indnrn notrosos with cilhilar unction 

3 The histo"onosis is traced 

4 Then appnionth h me a ilose nl itionship to the clinical sniidronie and 
offer a patholopic linsis for it 

Tlnnks nn. ilut' to Mms I 15 Miller for tlic niicropliotopropljo 



RELATION OP JAUNDICE TO THE OUTCOIME IN LOBAR PNEUMONIA 
INDICATIONS FOR THE TRIAL OF BILIRUBIN THERAPY** 


B\ Nor’man AV Elton' AI D , D N B , Bostov, jMass 


TN SEPTEMBER 1928, a sturh A\.is inicleOakon to cletcimiiie Mliethei oi not 
jaundice Mas constantl\ associated with lobai pneumonia,'' and if so, to 
anah/e its changes in tliaiattoi and intensiti in lelation to tlie piogiess of 
the disease dining its acute coiii'sc Such a stiuh Mas considcicd adiisable 
because of tlie possibilities suggested bi the piescnce of laundice in a dis 
ease caused bi a bile soluble oiganisin-'' The inefhod consisted of the dailj 
deteinnnatioii of tliiee tests Mith blood seinni, tbe ictciiis index,* the aqueous 
(dnect) lan den Bcigh icaction," and the quaiitilatne seiiim bilniibin esti- 
mation^* The studi Mas based entiieh on qnalitatnc and quantitatne 
findings in teims of these tliiee tests, and the tiend of the leteiiis, shoMn in 
the daih changes in each test, mis coii elated ns closeli as possible Mith the 
events of the disease Hence, it nia^ be desci ibed as a stiidv of icterus kinetics 
At piesent 224 cases ha%e been obsoi\ed m this iiiannei ±10111 foui diileieiit 
hospitals (Highland Paik Geneial Hospital, Aliehigan , Detioit Rccening 
Hospital, Michigan, St Man ’s Hospital, Detioit, Michigan, and the Boston 
Citv Hospit.il, Massachusetts) Ictcius, manifested in one 01 all of the thiec 
tests, ivas found to be piacticallv iiniAei'salh piesent in lobni pueuiiionia, 
although it Mas often eneounteied 111 a leccding phase mIicii the patient was 
fiist seen 

The M'oik had not piogie«sed far befoic it became CMdent that it ivas 
not a simple mattei, but had iiiaiiy difierent aspects Minch lequiied detailed 
cousideiation No shoit space ot time Mas consumed 111 becoming familial 
with the technic and inteipietatiou of the thiee tests and it was found neccs- 
saiM% ill 01 del to iindei stand the icteius of lobai pneumonia, to undeitake an 
extensive stiidj of jaundice as it luns its couise 111 othei clinical entities The 
lesults of this extension of the scope of the iiiA cstigatioii aie published sepa 
rately “ 

Dunng the studj of the fiist senes of pneumonias luanj confusing factois 
weie invohed, particulaih the outbreak of an influenza epidemic in 1928- 
1929, dunng Minch manj eases Mcie quite atAjiical Confusion aiose fioni 
an attempt to classifj cases on the basis of the tenipeiatuie chaits, and it 
Mas latei found that the key to piopei classification Mas the lecognition of 
anothei factoi lelatcd conjointly Mith icteius to the outcome, fluid pleuial 
exudate The studj of these exudates became fully as imiioitant as the study 
of the ictems itself, for Mhen thej Meie present not only did the icteius tend 
to lece de, but the moitality late Mas gieatly 1 educed 
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To prisiiit lln' iiiKlinp'- (IN < It 111' IN poNNihlt it has ht t ii in(ts',ai\ to 
tlnssifx ^ ots on tlu h ISIS of till piiNtntt oi iihs< n< c of phiii'il Ilnid Jii itl.i 
tioti to llif JiiaMinmii n ti nis iinli>\ illnmitl ilniiiitr llic niitt tom si I nti! 
till' 1 ('tent siritN it thi I’.osioii < it\ Hospital uiii stuilml In roiiliiit (lost 
t ippintr tu in\ t isi s touhl not It plnttl in • itln t of t!n‘s(> y:i()nps In i lusi of 
incr.iitph tt tl.ita ilthoii-Ii ni most of sin It donhtfiil i isi s i(to\it\ will) ifliisioii 
was iinln iltd lt\ tin (iiop|iin>.’ tif tin nltiiis itnh \ to iioimnl diiniifr tin* .irnti 
loiirso It w IS t iidi III ill It whiinnii phiii-i) lliiid w is di-iouosod li\ x nn 
(lust lap or intfiil pliN'ii.d tNimniition tin drop of tlm mti'iiis indo\ 
sitrinlid Its pnsi'ini' iitliii as or shoith afti i tin Hind dimdopi'd, lint it 
rinniiii'd to la dunonsti ii<d tint w Iminnoi this diop oiiiiriid fluid should 
ho i\p(\tid I'or this n isoii it w is isstnti.il to oht nn (omliisnr diit i 1)\ 
rniitiin ilii'st t ipiniijr in .in nhipiiti muuln i of wall sttidnal i isi s 

] Jiiqhhinil P<ttl (tiiiniil linsjtiliil (' Ot ii iildtiiiii Snif<”) T'lhlr / — This 
s( rics ( nniprisas 70 < is s jn w Into .ididts vf min d diiniia' tha Mar ]02S*]020 Tii- 
finanral cisis ara nn hnh d uioimtni" for iinin of tha fatahtii's m the iioi- 
iml 70111 ' of tin uterus mdi \ i In dinnal d ita on Iliasi casas ha\a nirtadx 
liccn pnhlislnd Tins iii In it rulassifud on the basis of the piesonce or 
ahseiue of phnrd fluid (irtam ohsan itmiis applnahla to tha white rate 
iin\ he made fiom i stinh of this di.irt wlinli an tonsisli nth iiplield hi those 
that follow (1) In the ihsi ntt of pleural fluid the inoitalitt is 100 per cent 
unless the uttriis ind< x extieds luti (2) In the itteius indix rone 18 7-^0 
there is nn mortalit\ with oi without fluid (1) In the presence of fluid pa- 
tients enterin'' the 11 I'l /one of the ntirus index nuanahh letoxcr 
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2 Dctioxt Rccciiiny Hospital Whtte Race (Including Cases OOseiicd 
of St Maty’s Hospital, Dctioit Michigan ) Table II — This senes compiises 
74 white adults studied durinff the xcai 1929-1930 Positne diagnosis of 
fluid was made m 12 In \-ia\, in 6 In plnsital examination, m 9 by chest- 
tap, and m 1 bx autopsx Theie weie 10 autopsies m cases when death oc- 
curred without fluid The gi eater number weie tx-ped and many had serial 
blood cultuies In txxo eases the icteius index exceeded 30, one patient dx*- 
ing xxith a tjpe II septicemia at 37 a, the other recox ei mg by true crisis at 
100 .Sexeral of these cases xiere obtained onlx bx* autopsx' and the icterus 
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determined in tlie postmortem blood, Ailiieh paitialh accounts foi the i dative 
increase in the number of deaths ivith dit plenial caiities It was impos 
sible to stiidi inanj patients who may liaAC lecoieied nith fluid, since onlv 
those 111 Detioit Receiving Hospital neic closely obseiied 

Table II 


Deikoit Receivinc Hospital Sfkies 
White 1}\ce 


SrvXIMUM ICTEEUS 
1^DE^ attained 

DURING \CUTE 

COURSE 

1 

T0T\U| 

CASES 

NO EIUID 

FEUID DEESENT 

SUSPECTED 

1 

FLUID 1 

TOT\L 

DEATHS 





NO C\SES 

1 

DE\THSj 

6 

11 

0 

0 

8 

1 

3 

0 

1 

7 10 

30 

9 

0 

12 

4 

9 

0 

13 

11 15 

17 

9 

9 

7 

0 

1 

0 

9 

16 6 

5 

5 

5 

0 

0 

0 

0 

5 

18 7 30 

9 

7 

0 

1 1 

0 

1 

0 

0 

37 5 


1 

1 

0 i 

0 

0 

0 

1 

100 

'^1 

1 

0 

0 

0 

0 

0 

0 

Totals 1 


32 

21 

28 

3 

14 

0 

29 


3 Dciioit Becewmg Hospital Blad Race Table III — Fiom a studj 
of but 46 cases in uegioes, it is at once eMdent that the lelationsbip of icteius 
to the outcome is strikingly diffeient in this race Fluid uas diagnosed in 
15 cases by x-ray, in 6 by phjsical examination, m 4 by chest-tap, and in 
1 by autopsj' There weie 6 autopsies in patients djuiig without fluid 
Prom the data of this table the follouing obseiiations may be made (1) 
The icteius index 16 6 beais no significance (2) In the absence of pleuial 
fluid the mortality is 100 pei cent unless the icteius index exceeds 100 (3) 

In the piesence of fluid, although the moitality late is greatlj'' leduced, no 
zone of assiiied lecoveiy can reasonably be indicated in onh a single senes 
The similarity between the cuines of the icteius index in negioes uith those of 
patients apparenth uhite who exceed 30, is stnhing, for in the absence of 
fluid the end point for recoieri appeals to be the same (icteius index 100) 

Table III 


Detroit Receiving Hospityl Series 
Black Race 


MAXIMUM ICTERUS 
INDEX attained 
DURING ACUTE 
COURSE 

TOTNL 

CASES 

NO FLUID 

FLUID PRESENT 

SUSPECTED 

FLUID 

TOTAL 

DEATHS 

NO CASES 

DEATHS 



NO eVSES 

DE VTHS 

6 

12 

1 

1 

8 


3 

0 

4 

7 10 

9 

1 

1 

7 

2 

1 

0 

3 

11 16 6 

11 

2 

2 

7 

0 

2 

0 

O 

18 7 30 

6 

3 

3 

2 

0 

1 

0 

3 

37 5 

2 

2 

2 

0 

0 

0 

0 

o 

50 

1 

1 

1 

0 

0 

0 

0 

1 

75 

1 

0 


1 

1 

0 

0 

1 

84 

1 

1 

1 

0 

0 

0 

0 

1 

85 7 

1 

0 


1 

0 

0 

0 

0 

120 

1 

1 


0 

0 

0 

0 

0 

223 

1 

1 


0 

0 

0 

0 

0 

Totals 

46 

13 

11 

26 

6 

7 

0 

17 
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4 Bo<tion Cfii! Hospital, Fifth Midical Sciiicc White Fact Table JV — 
This group of 34 cases studied dining the teai 1930 1031 is presented in 
detail on the chart of the cliiiRal protocol as uell as on the general classifica- 
tion table Theie t\ere none in wliicli doubt existed as to the presence or 
absence of fluid From a stiidt of the findings in the uliite race the follow- 
ing obsenations can be made (1) In the absence of fluid the mortality is 
100 per cent in the icterus index rones “noniial” to 16 6, and above 30 to an 
undetermined point below 100 There ueie no dcatlis in the zone 18 7-30, or, 
vhen the icterus index exceeded 30, if it attained 100 (2) In the presence 

of pleural fluid there vas no niortalitj if the icterus index exceeded 10 but 
did not attain 16 6 (3) Pneumococcus septicemia tended to subside spon- 

tancoush in the presence of cfinsion (noted also in the Reeemng Hospital 
senes uhen no specific antibodies were gnen) (4) Pneumococcus septicemia 
vas often demonstrable with icterus indices at or below 16 6, and occasion- 
ally aboie 30, but has not jet been encountered in cases entering and not 
exceeding the zone 18 7-30, except in the negro lace (5) Prognoses could not 
be made from the MSible manifestations of icterus, but icterus could be seen 
m a large numbei of cases if the selerae were earefullv examined dailj- (6) 
Profuse peispiration frequently accompanied the deielopment of fluid (7) 
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Spontaneous sudden teiinination of the fe\ei, folloivcd by uneventful le 
cOY^eiY, was not uncommonly obsei\cd in the hist tew daYS of illness without 
specific tieatment when fluid was piesent (S) All but tYpe I oi 11 patients 
tieated eailY^ YYith Felton’s eoneentiated antibodies lecoYeied Y\ith pleuial fluid 
In the fatal case fluid Y\as also pieseiif 

GLVERAL tHARACrtRISm s OP TUI K TLRUS OI lOBYK I’VLLYIOMA 

The data given in the clinical piotocol of the Boston CitY’’ Hospital senes 
shOYY's the fluctuations of the pneumonic icteiiis in specific cases This leteins 
IS not to be legarded as specific foi pneumococcus pneumonias foi it has also 
been obseiYed in tliiee cases due to Fiicdlandci ’s bacillus, one dY'ing at the 
index 25, anothei at 60, anothei Y\ith cftusion Since Fiiedlandei ’s bacillus is 
not knoYYTi to be bile-soluble it is obYions that the leteius cannot be interpreted 
in the same YiaY' as for the pneumococcus Since the liemolYflic stieptoeoceiis 
and the stapliY lococciis do not, pei se, piodiiee pathologically the picture of 
lobai pneumonia, although tlicY maY pioduce clinical signs simulating lobar 
pneumonia and tliej also aie not bile soluble, icteius again cannot be le- 
gaided in the same light as Yvlien the pneunioeoceus is the lUYadei 

The zoning of the pneumonic icteius on the basis of the icteius index lathei 
than on the quaiititatn e bilirubin, alone makes possible a seemingly consistent 
classification The van den Beigh leactioii usually becomes diiect positno at 
some time duiiug the acute couise of aiiY’’ lobai pneumonia, but does not ai- 
foid a method of classification In all cases teiminating fatalh, Y\ith the 
exception of two djnng during the fiist toui daYS of illness, the diicct posi- 
tne leaetion has been piesent on the daj' of death PolloYYing lecoY'eiY’’ YVitli- 
out fluid (tiue cnsis) it has peisisted diiect positne foi scYCial claY'S Ae- 
companjing iccoyciy' Y\ith fluid it giadualh' Yieakens, then fiequentlY sud- 
denly disappeais completely, becoming negatiye in ten minutes Ymthout going 
through the development of and piogicssne lengthening of the delaj peiiod 
of the delayed reaction DelaYed lesolutiou YYitli fluid appeals to be measuied 
bY' the duiation of this diiect positiYC icaction cYcn though the icteius index 
and quantitative biliiubin liaYC aheadj diopped to iioinial 

The quantitative biliiubin, pei sc, cannot be used as a basis foi classifica- 
tion, but exhibits ceitain stiiking chaiacteiistics in its lelation to tlie icteius 
index in the Yiliite lace, paiticulaih yyIigu the reaction ciuycs aie associated 
YY'ith the tiue ciisis phenomenon (lecoY^eij YYitliout fluid) This mechanism 
accompanying tiue ciisis has pioYcd difficult to isolate for satisfactoiy studY 
because it seems quite raie and the changes inaY" take place so rapidlj' that thej 
may elude the tYientj-four hoiii deteimiuatioiis HoYvcYei in some sloYvei 
cases It has been evident, and it coiiesponds eloselj^ to a siniilai leaetion oc 
curring during the ascent of icterus often encouiiteied in familial laiiiidice, 
pernicious anemia, the newborn, and oecasionalh^ following a tiaumatic intei- 
stitial blood extiaY'asation 

The ehaiacteristics of this as jet lathei Yaguelj undeistood phenomenon 
(the riddle of the icteius index 16 6) are as folloYvs (1) As the icteius index 
ascends in tlie absence of a diiect positiYe Yan den Beigli leaction, it is lialted 



KT lATION 0^ TO TIU 01 KOMI I\ lOUVU I MI MOM\ 

m its rise ,it l(<t> uIuK at (his point tin, qiiantilatitc hiluuhiii nnnascs 
shirjih' to <h'-]iroi)oi (nniiitoh ln}.'li lotols (21 As the leteiiis nidi \ ns(s from 
16G to .)0 a ileliiiite donnuard loop in Hit ipiantilitne hiliriibin talas placo 
winch mas tontniiie douiiw ird with tin iisnifr Hides, oi mas reimir from its 
fall to rejrim at tO aiiinosimatels the saluo it had .ittannd at Kiti ('!) In 
familial laniulut periin ions aiiemi.i and m the in whom the rise of tin 
icterus Hides ahose 10 (> is nsnills uiompaiiied hs tin ileselopiin at of an 
aiioiiialoiis tsjie of diieit positise san den lUrt'h iiaition, an iminediite 
•rnlden aeientiiiition (inste.id of the tspual reddish or nmln i color) In lohar 
imeiniioiiin howosei should this frohhn lent ion actii ills he present it is com 
pletels mashed hs the iiisariahie presence of the leddish diiect positise re- 
action (41 The iieprio i.nce has not ns set been found to eslnbit this plniioinc- 
non Thus far it appears to he assnenled ssith icterus onls in the ssliite race 
(ii) Icterus aseendiii" ssith a direct positise san den llerfrh reaction dois not ev 
liibit the 10 0 phenomenon in its complete form foi either the halt at 10 C is pro- 
loiifrcd (ns m mans fatal cases of lohai juieiiinonia in the sshite race) or else 
as 16 0 IS passed no subsefiuent dossinsard lonji m serum hihrubin < outent is 
manifest (esoept in lohar pneumonia in the sshite race) The icterus of lohar 
pnennioiiia in the white race then exlulnts the same (harnet eristics in its 
changes as are c\hihitod in the ts-pe of ictenis hnown ns “hemolslit’ except 
for the fact that the san den Bercrh reaction is duect positise 

The phenomenon pist desenhed is niulouhtedls* the cnitinl factor in the 
consideration of, and approach to the pioblem of bihnibm thciapv in lobar 
pneumonia It is also quite obsious that should intrnscnous imections of bdi- 
rubiii (in 4 per cent sodium hsdrosnde) cfToet a chanpe in the icterus indcv rones 
and fherebs' possibls* atTect flic outcome unless it be used svith all the data 
at band it might as rcadils' result in a fatalits ni a case svlnch svonld other- 
wise base rccoscrcd spontaneousls-, as it might induce reeos'ers m an other- 
wise fatal case, since depending on the efficiencr of the fluid mechanism, it is 
essential to pass the icterus indices 10 or 10 6 and in case 30 should be ex- 
ceeded to reach 100 Exactls boss much pigment is necessarv to force these 
icterus index zones remains to be determined The explanation of whv the 
zones should signifs what thes seem to is hs no means clear but it is probable 
that at the icterus indices 10 16 6, and 100 some change takes place m the 
physical state of bilirubin as it concentrates in a seium medium, manifested 
bv marked disturbances in the relation of the quantitatice bihrubin to the 
icterus index at these points, and due to changes in the size of suspended 
aggregates of free nascent colloidal bilirubin, which does not gixe any re- 
action in the aqueous (diicct) van den Bergb test rather than to the bili- 
rubinate which gi^es use to the dnect positne reaction, and it is probable that 
these two forms aie picsent together Although puie biluxthm is now bera<T 
used routinelj' by seieial indmduals intraxenously as a liyer function test 
only up to 1 mg per kilo of body weight, it is indicated by Emerson’® that 
it could be used m greater amounts without anx- harmful effects 

Barjot,® Castellanos x Gonzales,® and Ziegler*’ hax c used bile salts intra- 
xenouslx in spite of then knowm toxieitx with appaientlv xei-x favorable results 
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m pneumococcus infections, and it may uell be consideiecl whether oi not 
the bile salts play any lole in the icteius index zones This conjectuic, hoi\- 
evei, cannot be confiniied oi lefiited until a suitable simple method is devised 
±01 the quantitatne deteimination oi the bile salt content oi vliole blood,-' *' 
± 01 , unlike biliiiibin, thei aie iouiid in iicimal led cells-^ as well as in the 
plasma 

KAHONALl 

I The Ictcius Methannm — i\iial\sis ol tlic cases obseived since the be- 
ginning of this stiidi indicates tliat appiOMin.iteh ‘10 pei cent of hosintnlized 
patients having lobai pneumonia do not ioini am fluid in then plcuial can 
ties and face a nioitaliti of iioin 7) pei cent to 80 pei cent Eecoieii in 
such cases appeals to depeud excliisnely upon the inovemeiits of their seniiii 
leteius Obiioiislv bile-solubiliti should be anahzed as fiilh as possible 
AtkiiE found that if pneumococci wcie cultnicd so that the\ contained no auto- 
hsin tlie\ veic not bile-soluble, and concluded that bile solnbilit'v nas but an 
aceeleiation of the noinial autoh tic pioeess of these oiganisnis, analogous 
to the action of bile on am autoh tie piocess In tlic consolidation of lobai 
pneunienia, vhich is the most stiiKing featnie of locali/ation in the hiiinan oi- 
ganisin in i espouse to pneumococcus imasioii tlic outstanding biochemical 
phenomenon is likewise autolisis Cleacage pioducts aie much in cMdence, 
aiisiiig liom this consolidated aica leucoeitic en/}iiics pkmng a piominent 
lole 111 tlieii pioduetion altliough tlic\ <ne iiiliibited in tins lole l)^ blood 
seium which also inhibits autol^sis Pneumonic sputum contains peptones, 
pioteoses, and alnino acids and aciiuiies a inaikcd peptohtic actnitj aftei 
“eiisis”'' , albuinoses appeal in inoie than 60 pci cent of the cases in blood 
01 uiiiic^' duiiiig and attei the tastigium, the uiine cont.iins an excess -ot 
oiganie acids“, theie is an iiiciease in noneoagulable nitiogeiious substances 
in the blood"*" and aftei ciisis, the seium contains an enzvme acting specifi- 
eallv on pneumococcus piotein accompanied In an incicase in seium eiep 
tase Weiss'*- found b% lung punctuies tliat theie was insufifii lent un- 
digested pneumococcus piotein in consohd.ited aieas to pioduce anj- anajiln- 
lactic phenomena in sensitized animals Lung punctuies ha^e also shown that 
in cases evohung favoiablj no Iniug pneumococci could be obtained attci the 
fifth da> although clinical reeoieiv did not take place until latei It 
appeals, then, that the oiganisins in then pulnionaii foci aie undei going 
aiitoljsis, hence then two fiactions, the hapteue (specific soluble substance of 
Aveij and Ileidelbeigei) and tlie common pneumococcus piotein aie split 
fiom one anothei,^- the foimei ueutializnig aitificialh in]ectecl specific anti- 
bodies and the lattei stimulating the toimation ot natuial antibodies specific 
only foi pneumococcus inotein oi its clem age products,^'" and ttpe specific 
antibodies, of spontaneous oiigin, would haidh be expected to appeal in an> 
appieciable concentiation 

It has been found that pneumococcus autoh^sis at fiist pioduces a highly 
toxic pioteose, but that if tins autoh tic pioeess is earned on he's ond the pio 
teose stage, all toxic pioperties disapiieai It is significant that Koseiiow”* 
tieated 200 cases ot lobar pneumonia bv the intiavenous injection of aiitolyzed 
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piu'ttmoiimi tsiiflHKinh intoh/!'(l mi lint iiio'.t of tin to\u stipKlnui Ii iil 

uitii 1 innitiilit\ of ! pir uMit in < o-' s tn it. <1 willun foii\ 

houi'' itnl of n pt I < ' 111 in in'i i im s tn ili tl on oi nfti i tin tliiwl il i\ 

T In' ([lit''- 1 mn now 4U O’' "> W li il p 11 f n iil 1 1 < oust it in iit of in 1 < n ( < 1 m if f *’ 
nitol'tn pi m I’ssi's ’ uni ''pm ifu ill\ W iuit (oin'litinnt niit.lit i(ii)i*r<il< 
fln'imtohtn jn m < of loli ir pin'nnnniii In \ oml tin st i_'i oi io\n (In.u.io* 
jHOfhnts’ T linin'' toninl tli it wholi hil< w.n* nnin ifiiitiM iltlnnii'li li ss 

jn'iu'ti .itino limn tin liil* ''ilt'^ iloin in mulMatiii" tissin nitoKsis ,un 1 

also o1)sm\m1 til if lull' witli Its liiliitilim « ont« nt immomiI w is p ss (fiiitiM 
til in w iioln lull It isoMni.ilh issmin tl tint tin Inlt silts, in tin snlistinii' 
.ntui in pi(nlntin'„' pin nnio< m i ol\ sis Put KilK’ uni ^tlhuils'’ lint foninl 
tli.it wlinln lull' is molt idiilili smt n ilifunnt sf 1 iins of pntMiiininn 1 1 \ ir^ in 
tlioir snsu‘ptiiniit\ to l\sis ninii nitli tin ilts tli ui tln\ do with wlmlt Inlt 
'soll.nrds (oiiltl olit iin no oMdinit tint hilnnlnn Kiniwii tt» In* i\tohtn in tlin 
pu st'iui' of lii^lit w IS It ,ill jMit nnun in t ol\ tn in .\ 1 pi 1 t mit ilk ihin sohition 
in tlm lost tiihf* 

JZxppi iiiienis III mini lis ficip'iiith {.ni iisnlfs difiiunt fioiii fhiist nb- 
si rM>tl 111 tin* to*:! tnln Kosluwski' li is jniintnl out tlmn iicpnstnt in Inlt* 
nninoroiis niuonnio iti d liitrln i snips whuli .iit fii nioii* pm iiiiioi 01 1 id.ii 
m Mfio tinn sodimn t imotlndtli 01 sodmni trh i ot liol itt* Oii the otlii'i hand 
Lniiiir" in show iii" th.it t>n< imnti m 1 1 loiilil lit* distioii'd h\ soilmm oh'.itc 
obsiPM'd tint iltlnniirh soilimn Imoh ito ,md sodmni Imoltn.ifi won iiioii 
efTettni* m this ntion m tist tnln 1 \])t i inn iits tin* iim*isi holil fiin m ,mi- 
nials foi St mm comiiloti h mlulntfil tin ntnni of tin* nnm* niiMtiii ittd soaps 
and tin irinitci tin tit /in d niis itiii itn ii tin It s w is tin ])inti 1 tinn aflordod 
the mmial Tin iMdiim* that tin pi"nn nt hiliiiibm is pimiuili iinohtd m 
theul.Ttion of luindici to tin oiitionie'm lob.ii pm unnniia is deintd tntnch 
from the stinh of pitnnts ,md is snlTunnlh lonsistent to suofrcst as a pro- 
iisional liipofhtsis th.it tin uifohtn inoiess of lob u pneumonia is attcl- 
eiatod In a change m the phisK.d state of bilirubin associated tlinflc with 
“the iiddle of the uteius index 16 b ’ w hue be a foini of the pifrimnt o\ohes 
which acts as a eatahst on this autohtic piocess, as well as actinfr destiuc- 
tneh on all autohsin containiiur pneiimotocti tlmt until and unless this 
change takes place the pigment has no fa\oiable eftect upon the disease 01 
the organisms, except m cases where it is acting m coniuuction with the eftii- 
sion mechanism It is of interest that tiom man% medical centeis dunng the 
influenza epidemic of 1918 t^pe specific pneumococci wcie freejuenth leported 
to be bile-msoluble -* and thcipfoie not subject to autoUsis 

In the negro laee the findings indicate that at the icterus index 100 a 
phenomenon analogous to but not identical rvith, that winch takes place in 
the white race at 16 6, occurs White patients who exceed the icteins index 
30 detelop emtes which mav be interpreted onlr as negioicl reactions Fiom 
the plnlogenetie point of tiew it is possible that these cuiees do not ahvais 
indicate negro ancestrj- (although such ancestn was disclosed in the onh 
case in which inquiries were made) but mav often be due to other racial 
mixtures 
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II The Fluid Mechanism — In appioximately 70 per cent of the cases ob- 
served in this study thcie v as evidence of the piesence of a fluid pleuial exu- 
date, and in this gioup the mortality i\as only 15 per cent Effusions ivere 
often denioiistrahle befoie the icteius index had diopiied to noiinal, thus affoid- 
ing data as to the zone entered and foi coasting the outcome Iloveier, in those 
eases found piesentmg icteius indices beloir 10 vhen first seen, no data were 
ax'ailahle to sliou uhethei the 11-15 zone had been enteied oi not, and in such 
cases the outcome could not be forecasted uitli aecuiacy In this lattei gioup 
the van den Beigli leaction uas closelj followed, and dangei of death le- 
mained as long as the direct positn e reaction persisted 

A deseiiption of the pulnionarj’- Buiiphatic sj'stem makes it possible to 
undeistand the mechanics of pleural fluid foiniation Gage’* states that the 
lymphatic diainage of each lobe is so constiucted that tlie peiipheial poi- 
tion of the lung paienehyma is diained touaid the pleuial siiiface, whence 
collecting Emphatic channels niii siibplcuially to the hiluni It is piobablc 
that this &^stem cares for tlie diainage of a laige portion of the alveoli, foi 
they aie not reached by the deepei oi peiibionchial and pernasculai system 
In the presence of an inflammatoiy piocess, shutting oil the lymphatics of a 
lobe, the slightest change in the peinieability of the walls of these lymphatic 
channels would result in a fluid pleuial exudate Fuithennoie, Goiecki” 
points out that caibon particles injected intiatiacheallj in dogs latei are 
found on the pleuial suifaces, a finding again consistent with the operation 
of this peripheial pulmonaiv lymphatic system Should consolidation take 
place lapidly fiiiid mobility vould be checked by the dehydration of the lobe 
invohed, and no fluid could foini in the pleuial caMtv 

This fluid mechanism seems analogous to diainage, coupled ivith the 
extiaoidinaiy piopeities of tlie constituents of pleuial effusions contiibuting 
to the destiuction of pneumococci Often ■when such diainage occuis piompth 
all that can be found in the chest is a small effusion xieisisting foi such a 
short time that it mai easilj be completely oieilooked, vhile othere, due to 
then long duiation, finallj compel the clinician to diagnose them, although 
without cell studies they may leadily be confused with the effusions of tubei- 
culosis The successful opeiation of the effusion mechanism appeals to depend 
laigely on three factois (1) unimpeded autoEsis of pneumococci, (2) phago- 
cytosis and the action of leucocytic enzymes, (3) the bilirubin content of the 
fluid (dependent on the seium lei el) The gi eater number of these fluids aie 
sterile, even dining the acute eouise of the disease, adequate evidence of 
their pneumocoeeostatic oi pneumococeocidal powei Duyck,® woiking on 
pneumonia in the natives of the Belgian Congo, found that a feiv diops of 
such pleuial fluid lendered a biotli cultiue of virulent pneumococci innocu- 
ous to susceptible animals with many times the oidinaiy lethal dose 

The role of yhite cells (polynucleais, clasmatocytes, monocytes) in the 
successful opeiation of the effusion mechanism, eoi related with the bilirubin 
content of the fluid appeals of paiamount impoitaiice, foi faxoiable cell immi- 
gration and emigration vas obseiied only in the fluids of highei bilirubm 
content Since the fluids obtained in the Boston City Hospital series weie 
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>uliinilfoil lo ])iN Siott . 111(1 roiKiu'i of till* Tlionulilvi Ij.ibonilon for (<>11 
stmlii". nnl (o Di Finliiiid foi si'iolopii' sliulics tlio dclnilffl dcst nptioii of 
tins part of tlu> woiK \m 11 he loft to tlicm ( dK ucio snlluKiith niiim'rons in 
fluids from roioM-n casts to tnusc tluin to iipp«ai tin bid trrossh like (>mpM 
inata but iiiuiosiopualh show iii-r ,u ti\t Innif: (oils in \ilil pi(‘parntions 
Tlu Aarious jili.isos of loll adiMtu's obsoicod in succossno t.ips and tlio 
tliaii'^o's a'-siHi.itod witb onip\t>m,i uill bo dismssed b\ l)is s,(.,)tt .ind Forknor 
Diinn'r flio lottssion of tlio smiin ufoiiis tbo bilirubin (ontont of tbc fluids 
lonninod Intrb and loKvlod \or\ slouh indHaiin? tbo slowness of roabsorp 
tion from the ploui il i i\it\ tlnis afioidiii'^ ,i jioNsflilc nu ins of <st 1111.11111" tbo 
maximum intmisilA of tbo ittoiiis jm \ioush atl, lined 

In tappiii" for piuiimonu (fiusioiis if w.is often nolitod fbat a m.iikod 
drop in tbo fe\or followed moie froqmnth tb.in ooiild be asenbed to coinci 
deuce None of tlie l.isos t.ippcd oaih (.ontimiod proloiiped febrib reactions 
dunii" eoiiAalosi elite On the otbei baud in mam cases t.ippiii" seems not 
at all uccessart 

The site foi tap is olnioiish wbcrctci tbc sipriis of fluid-' are found often 
tbc costopbrcnit aiiple in the iiostenor axillan line and freriuenth more 
mcsialh posterioih in tlu midst apular line or tlosei to tbe spine Interlobar 
pockets arc best diafriiosed b\ \-ra\ It sbould be boiiio in mind that tbe 
fluid IS usuallj in a tliin sheet belvtecu luii" and tbest wall," and that a shal- 
low tap is netess.in Tapping-, if contemplated for diagnosis or foi tbe stiuh 
of fluids sbould be done as eaih as possible, since mam fluids do not peisist 
longer than a few da\s The duiation of fluid cMidates in the pieiiial c.tm(a 
lias been stated bt Goiecki to be proportional to then colloid content, since 
tbe digestuc action of cnzMiies is lecpiircd befoie such substances can Icace 
tbe pleural cacitt Withdrawal of fluid soon after its formation reinoies these 
colloids (proteins), thus facilitating reabsoiption and reducing to a minimum 
residual adhesions from the organ’zation of fibiiii 

A dry tap, unless repeated at different sites, is not conclusne ecudence 
against tbe cMSteiice of fluid but tbe obtaining of it in anj amount is positne 
eiidence for oidiiiarih tbe pleuial caMt\ contains only enough moistuie to 
lubricate the pleuial surfaces and not enough to be obtainable bv tap 

A chest needle, htted directlj on a 50 to 100 c c sjTinge, has proced most 
satisfactory, since the lesistancc to the progiess of the needle point may be 
palpated b\ the rigidity of the instrument, and it is quite easy to detect the 
entiy into the pleural cacity, contact irith the diaphragm, 01 the yieldin" 
touch of lung surface Care should be taken to make all mocements m line 
with the shaft of tbe needle, ecen when searching laterally m the space be- 
tween lung and chest wall With the proper use of nmoeain chest-tappm"- 
caused little or no pain, except m an occasional patient with a thick chest 
wall The asepsis was essentiallj the same as that used in loutine lumbar 
punctuie 

Xoimal icteuis indices, when found aftei the fourth or fifth day of illness 
bale in the adequately studied eases been significant of the existence of an 
effusion, but in such cases a prognosis cannot be made on the basis of the 
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noiTnal index Beinlieiin* found in a senes of cases that those nitli noiinal 
icterus indices did not die, and although hei findings aie confiimed bj a laige 
uuinbei of nomuflucn/al cases in tins senes, theie h.ne also been seccral dis- 
couraging exceptions In the noinial ictcius index gioup the can den Beigh 
leactiou has pioced the test of calue, foi these patients aie decidedlj not out 
of dangei until eceii the weakest possible diiect positne leaction has disap- 
peared Since such cases aie often not studied until late in the coiiise of the 
illness, no data aie acailable as to nhethei oi not thee had picciouslj ex- 
ceeded the ictcius index 10 without examination of the pleiual fluid 

SUMMARY 

Senal studies in 224 cases of lobai pneumonia be the daih detennination 
of the icteius index, can den Beigh aqueous (diiect) icaction, and tlie quan- 
titative seium biliiubin estimation hace demonstiated that senim icterus 
manifested in one oi all of tlie thiee tests is pathognomonic of the disease 
The changes in intensitc and chaiaetei of tins leleius ni.ic be eloselc^ coi- 
lelated cvith the ecents ot tlie pneumonic lastiguim then intei pietation de- 
pending on (1) the deteimination of the inaxiinum icteius index attained and 
(2) the deteimination of the piesence oi absence of a fluid plemal exudate 
aiismg fiom each lobe incolced In the absence of sncli fluid the icteius in- 
dex tends to oscillate upwaid in the piesence oi fluid it tends to letiim 
to noiinal Fluid plemal exudates cieie found oi indicated in 70 pei cent of 
the eases studied, and in this gioup the moitalitc was lb pei cent In the 
30 pel cent ccithoiit fluid hoccecei the moitalitc was 75-80 pei cent The 
total senes moitalitv was 37 2 pei cent 

In the absence of fluid, in tlie white lacc, the moitalitc was 100 pei cent 
with icteius indices up to and including 16 G In cases enteiing and not ex- 
ceeding the icteius index zone 18 7-10 theie wcie no deaths and the dac' of 
crisis corresponded ccith the attainment of the maximum icteius index Fol- 
locving the chop of the index dining cnsis, it lemained aboce noinial for 
seceral dajs A coiollai> stude of icteius in othci diseases and conditions 
implies that in ascending jaundice the icteius index 16 6 is a biologic constant 
in the cvhite laee, and that in the absence ot a diiect positice can den Beigh 
leaction (hemolcdic jaundice) a change in the phcsieal state of biliiubin oc- 
cuis as it IS jiassed, this change manifesting itself bv a downwaid loop m 
serum biliiubin as the index uses in the zone 18 7-30 In lobai jineumonia, 
although the emn den Beigh leactiou is diieet positicm, this same phenomenon 
takes place, and appeals to be associated cvitli lecoceic 

In negioes, in the absence of fluid, the icteius index 16 6 is of no signifi- 
cance, and lecoceries occuiied onlc when the index 100 c\as exceeded When, 
in the cvhite laee, the icteius index 30 was exceeded, lecoceiies then occmied 
(by tiue ciisis) onlj if the index 100 was attained, thus maniiesting a leaetion 
essentiallv negioid in thaiactei 

In the presence of plemal fluid (70 pci cent oi eases), in the white lace, 
no deaths occurred in the icteius index zone 11-15 In manj cases, howecei, 
constantlv exhibiting icteius indices at oi below 10 duiing the period of 
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ohsv'ix iln'ii it (uuhl not In ismtniud ninllni oi not Ilnv li td pri\iott'«h 
('ntoit'd tins 7oni> nnl tlio f-tunitum <if tin* Dutioiin ( 1 « pcinlt <I on tin cldM 
innntton of tlio »lini'^o>s m tin n in <l< n l?«it:li t< utinn i<io\ci\ 111111" iinli 
t ilnd 1 )\ till' 1 onhuiind dis ipjnMi itno of tin (hunt positnt k ntion In 
lilt' nourt* i.ui' iiisnfin n nt v isos Ui\i In in olisii^id to inilvi <lt(iiiiti lomln 
sions win'll tlnnl is jiiosont !tlt!ion"h no do it Its li im .is \ it In on oiistiMil m 
the u torus indo\ /ono 11 !d 

Till' pi I't- Host u \ dm of till stnih of tin' nliins 111 loli ir ])m ninom 1 should 
not jiorliii])s ho nndnh stiossui sim i oiuli i isi i>\ltihits its own indnidnnl 
ili.mcti 1 istu s ind nftni tho tnnd ot tin ntiins is not disi o\ 1 nihlo until tlu 
ihimni indu.ilioiis oi tlio outuinn in ih.iih iinniiist I'li i|tlonth how- 
t\or siiih 1 stinh fnini'-ln s « nn'iits foi tin ostiiii.ition of tin ontiomo in 

donhtfnl i isos 

Till' sninnnitioii ol tlio lindiiijs lolitni" to tho pnoumonn ictonis ch <irh 
iiulmtos tint i tlioripontn tin! ot hiliinhin is tin lotrii.d loinliision of tin 
nn esti".Ttion piitniihitli sinn tin jntrniont is hiliond to ho noiitovn whin 
injectod intriimonsh Mtlnnnrh tho .in.ihsis of tho ntmis of lolm initn- 
nioiin im\ si cm ioni(ih \ hn.insi oi its lolitnni tn tho piosonti ni ahsonio ol 
fluid and hi'c.uiso of tin- difioinnos hotwoin tho wliiti .mil hl.itk races the 
•ipplic.ition of those hinlmys to tin thoiipiuln tist is siniplo 1 iioiiph and 
ma% be statod ,is follows 

1 In tin whiti i ni iiiiict 1 ipimtiti of hiliinhin sufinioiit to tanse tho 
lotorns indo\ to pass Kih hut not to iM.nd 10 lofraidloss of the presence 
or 'ihscnto ot fluid (It is possible tint to < \u od 10 iii.n not In dotnniontal 
in pure Canc.isi.in stoih 1 

2 In ni'proos, md when netrioid lo.utioiis octni 111 tho white race the 
icteins inde\ 100 must he attainod 

3 Bi piohininaii studios coriohitiii" the soiiini ictouis with tho phvsical 

findiii"s tho addition of suiplus bilnubiii ni.n lie contiaiudicated in main 
cases 

4 Additional dat i on tho biluuhin conlont of plemal fluid obtained caih 
in the com so of tlio disease in its i elation to the outcome should be secured 

Tlic svritcr wislies to espress sincirc ipprceiatmn of the tliorougti out sciontsfic manner 
in iiiiiiti much baiteriologic <1 ita were obtnired bs tlic nnmbcrs of tin Pncumoni i s-eriice at 
he Boston Cits Hospital, ind tor thiir splendid toope-r ition in studies pertaining to the 
proper ci iluation of some of the pithoIogK phenomena of lobar pneumonia The results 
with specific serem thcraps wore fasorable 

Studies on the plwsiial chemistn of pure bilirubin, obtained from the Chemisch 
Pharma 2 eutii,ehe A &, Bad Homburg Work Frankfurt, a M, Germani, in so far as thev 
have as set been tamed out are eonfirmaton of the significante of the icterus index ton 
stints encountered in lob ir pneumonia from the point of rirw of colloid ehemistn 
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THE EFFECT OF ULTEA^OOLET lERADIATION ON GLECOSE 

SOLUTION''! 


B\ L ir DiUjAIxVN', B S , Chicago, iTiC 


T he cfiects of iilti.niolct iii.idiation on glucose solutions as lefeiied to in 
an eailiei^ papei pioiiipted a imtliei mi cstigation as a pielnninaiA to the 
stiidj of the cftects of the pioccdiuc on eaiboln diate metabolism 

Bertbelot and Gaiidechon- found that 10 pei cent glucose uas qiiantita- 
tiAol} decomposed to caibon monoxide, methane and Indiogen aftei ten horns’ 
exposme to a qiiaiti' ineieiuy Aapoi lamp Neiibcig'' on the othei hand found 
no change m lotation attei exposing 10 pei cent glucose solutions to sunlight 
over a peiiod of two months oi longei but the solution became less dcxtio 
rotatoiv aftei tliiee da^s if lei tons sulphate nas added Eiilei and Linclberg’ 
iriadiated a 10 pei cent glucose solution with a quaitz meieuij lapoi lamp at 
75° and found that gases veic eiohccl aftei two honis, aftei twehe hours 
the gases weie identified as methane, Indiogen, caibon monoxide and caibon 
dioxide Low IV and Couitman' found that aiadmtion foi thiiB minutes 
wntli a quaitz mcicuiv vapoi lamp did not acceleiate isomeiic changes 

A possible explanation of those couflicting lepoits is the lack of staiidaid- 
ized eoiiditious of tunc of exposuie, soiuce of ladiation and \oltagc the dis- 
tance of the solution fiom the soiucc of encigi, the tempeiatnie of substance 
as well as its Ph, and the pieseiiee of salts oi catahsts, c\ery one of wliicli is 
laiiable and yet deteimines to some extent the coiiise of the leaction 

The object of the piesent iin cstigation was to deteimine the natuie of 
the rhangc in glucose solutions attci iiiadiation, since most lepoits indicate 
some changes It was, at fust intended to use some one of the line acid 
methods foi anahsis, since iii this wax' a constant standaid could be eni- 
plojed, le, the amount of inic acid leduecd Due to the xaiiability of the 
lediiction of phosphotiingstic acid bj dilute glucose solutions the standaid 
methods weie out of the cpiestion (Table lY) ® These methods weie modified 
bj^ using diffeicnt conecntiations of NaoCO , NaOII, and othei alkalies but the 
lesiilts weie iiiisatisf acton Miciomcthods toi blood sngai weie not consid- 
eied because these entailed deteimniing the peiceiitage of change in lediicing 
powei and not a constant standaid 

In a few pieliminaix expeiiments it xvas noted that the total i educing 
powei of the glucose solution did not cliange, whethei it was inadiatecl oi not, 
according to the Folin-Wii‘ miciomethod Benedict" imeiomethod, oi Shaffei 
and Ilaitmann" method .Since the mechanism of the oxidation of glucose bx 
alkaline coppei is not pcifectlx luideistood, it is logical to suppose that the 
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inijzlit II i.mi.1 li .m<l slirTlilh <1( ( oiiiiHtst'il lint tin !tii\liiii [tin 

dtlu"- till S’UUC t<it ll inhutldll IS tin lltslih pit pal nl "hit its, snititinii ll 
now wi (ll tfi iiiiiit till It dm tioii ol llu inixtiiK f'-dmoM liK ilim (oppiri it 
mti r\.ils 111 oni> iiiiiiiiit iiid plot iiimt of this i, ntioii i iiii\lnri oi th i om 
[tositioii jnothuts "uiii" till Sinn tot il it dm t ion would jiiihip' show i 
diluMi lit t 111 \c oi ii'dmtioii 

Till nine of till 1 1 dm tioii of ilk dim i (ip])( i 1,\ "ImoM was voikid out 
as follow ' T I I of till 'shaflii llutnnnn iiti iti innint md T i i ol <_du 
toso solution (Miiiksi [1 drndJllionis it .s't i i out iiniim not inon fh in 
JOiii" of "linos, won jnpittid into a 1 ivi list inli, mil [iland in i lioiliii" 
wator-hitli loi i mtain turn timln itid in 1 ahh 11 toohd ai iddn d i itli 
jot. of ll/sO^ and titialnl with OOtt") \a_S_0 stinli iisod is indnatoi 
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Results ot the .utiatrts of at least foiu dctcimmations aie shown in 
Pig 1 Titiation agieed suiTn’isinirh will Lonsidiiiinr that wi stop a ii- 
action while pioticdiii" at a tan lati of spud Aftii thut immitcs 
hoibng, the titiations thetkcd w ithin 0 1 c c Reduction occuis as soon as the 
tube and contents haii i cached the tcnipeiatuie of the watei-bath The fiist 
part of this leaction the fiist thiee minutes, is the stage in which we ironlcl 
expect to find a deiiation foi a dcconipositioii nuxtuie This was accom- 
plished hr reducing the tempciatnie 

The expenment was repeated, except that the tempeiatuie was main- 
tained at 70° to 75° This time in the w-atci -bath as indicated in Fig 9 Theie 

IS a “latent” peiiod hefoie anv noticeable reduction occnis 


•CuSoi— o sm per liter 'so. citrate — 16 gra. per liter Kt— lo sm ner nio,. . 

per liter ICC O, — IS !?m per liter The copper Is reduccil b\ thceUicnsi ® 

Iodine Is liberated which oxidizes the cuprous oxide «iccordin? to thf 2.eidif\in& 

2 Cu^ + I “ The excess iodine Is titrated with thiosulphat#^* «Cu++ — oj ~ 
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THE JOOnNAL OP lAIJORATORi AVD CLIMCAO JIEDICI^E 


Aqueous solutions o£ ilcick’s e p Glucose clued 24 lioius <it 85° (solution 
piepaied the same da^ as used) ueie niadiatcd in a fused quaitA tlask (5 mm 
m thickness) at a distance of one inch (at this distance tlieie uas unifoira 
diffusion thiougliout the flask) uith a natei cooled Kioinaici quait? meicun 
aic lamp at looiii teinpeiatui e (21° 23° ) 

Tcbll I 

llFGUtFS DfATKOHOI CTIOS 


:r cent glucose 



TIMI- IRP \DI \TI-I) 



0 


15 min 

to mm 

00 nun 

00 mm 

5 hr 

01 

0103 


0 103 

0 107 

0103 


05 

0 52 


0 40 

0 40 

0 40 


1 0 

1 07 


1 14 

1 07 

1 11 


50 

5 23 

52 

5 26 



5 26 

10 0 

10 71 

10 74 

10 7i 



10 76 

15 0 

16 10 





10 08 

20 0 

2141 





2148 

50 0 

55 00 





55 29 

50 0 

55 30 





55 23 


Solutions 0 1 per cent, 0 5 per cent 1 0 per cent were nncle up fresh and thiec drops of 
0 2 per cent NHj added before measured 

Solutions 5 0 per cent to 30 per cent were made up md set In icfrlgeratoi for two weeks 
or longer 
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//i77utes af 70 7S^ C 

Fig 2 

The 1 eduction cmie, oi paits of the cuue, uas detei mined ioi the 
following 

10 1 per cent irradiated 30 minutes 

2 0 1 per cent irradiated CO minutes 

3 0 1 per cent irradiated 90 minutes 
t 1 0 per cent irradiated 30 minutes 
5 10 per cent irradiated 00 minutes 
0 10 per cent irradiated 90 minutes 
7 10 per cent irradiated hours 

Complete euives ueie uoiked out in Cases 1, 2, and 3 but aie not lepio 
dueed because they agiee m eteiy pai-ticulai uith the cuives in Figs 1 and 2 






initroi i ni. v'loi.i T os ()i<o‘>i ‘-ot i ruts 

III I ■> (i 7 oii]\ the most ]>ioiiinn*i)t points of tlio uims win- plotlid 

II iim'h iuiilin" w.ilii Intli for foin mil (iflcin miniitts imd iit 70' to 77' for 
tlin'c si\ jmtl niim miniifi's In iioiio of tin si i isi s wns f Ik t o .tin tin rrfronccs 
fiom i in \('s show n 

It w.is tlionjlit tli.it pi limps tln> iiM"<nt ujis too stioii"h ,ilK iliiio fo <1( 
tilt .nn slifrlit di nitre tint initrlit In pusml so the espeiiinent u.is icpMted 
(the most promnK lit points of th< nir\e hiiiif: plottid') nsinir the oiifniial 
ulro nihon.ite loitrent to uhnh h.id hi eii idded 0 1 .M hone ntid Tins 
>■ 0111(1011 slowid the n.u tion hut the eiiries of the nornml ,nid of the irradi- 
.itiil solutions did not difnr Tun tenths 71 horn .u id u.is non addi d to the 
oriiriii d ntro I irhonnte le.ifrint mIihIi further slouid the reaction hut did 
not prodiue ati\ dmntre in the fmni of the tunes 

Bt tlu method nnjiloMil wi i.in determine (piite .ninr.iteh am thantre 
in lediitiii'T jiowei th.it m.i\ he piodnted in a •men solution, hut iii mcu of 
the neintne ri suits Iheie i\.is .i question \\h(1hii .im th.ni'rc had been pro 
diieid m the '^diuose solutions ■^o polnnsiopn measmements were made to 
deteimnii tlu 1 1 .n laiifn meat 

Flesh solutions of <rliKosi in distilled uatcr ueic piepartd as described 
ihoie irradiited foi tliiiti sisti and nuicti miiinte intmals and the rota- 
tion detiinniiid ifter .uldition of 1 diops of 0 2 pel cent Results 

are shown in Tddt I If is ohiioiis that time is no ii ,irr, increment in am of 
the solutions ill n uliiifrs hiiii'r within tin limit of eiroi Vo tlianpe m opti- 
cal rotation is ohsimd in 20 pit lent '^lucosi aiti r fi\e iiours’ iriadiation 

Two simplis of 70 pi I (( lit •rlticose solution showed no clian<re in lotation 
after file lionis iriadi.itioii althonj'h in one sample "as bubbles were pro- 
dnetd after fom hours 

CONCt LSIONS 

Be the methods tmphned, i eduction of alkaline coppei solution and 
polariscopie nieasun iiients it was impossible to determine any change m 
glucose solutions when irradiated with quart? mercun \apor lamp 
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Scientific Investigation of tlie American Medical Association, and to the Council of Phi Rho 
Sigma Medical Fratcrnitr for financial as>=istancc 
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SILDIES IX THIi: ALIMBNTAKY CANAL OP IMAN’" 


IX The Calgueatiox op Gvstkic Voluaii f 


B\ W A SoMAiEKPiEED, MD, Cllmeaxi), Ohio 


INTROPUCTIOV 

I N THEIR stiitlios upon yastiie leaction j)aftcins ^Iiss Kiien/el and Doctoi 
Todd, in a senes ot papers ]ia%e demonstiated tlie eflect ol different stim- 
uli upon the behaiioi of the stoinneh Tliei haie shoiMi foi instance, that, 
folloiMii" bntteiniilk, tlie roentgenogiaphic shadow is loiifjei, bioadei, and 
of laifrei aiea than aftei a milk meal of the same bulk and iiiidei the same 
conditions They lune shown that wanniiifj the abdominal wall oi adminis 
tiatioii of a hot milk meal is followed bi a shadow of less dimensions and 
smallei aiea than that icsnltiiig fiom a milk meal of the same bulk at 70° F 
adimnisteied without application of heat 

Continuing this iinpoitaiit line of in%cstigation llie <inthois mentioned 
liaie shown that shadow aiea is modified in the same snbiect following the 
adiiiiiiistiation in equal bulk of watei oi lactic acid and aftei application of 
cold Puitliei thei haie been able to dcmoiistiatc that tiie chaiacteristit 
shadow aiea is cxaggeiated by pitiious adiniiiistiation of a pieliminari 
meal, a cuiious iihenonienon which has been teimed facilitation 

Compaiison of liiieai dimensions of gasliic shadow has its defects foi the 
method oi measuiemcnt must nccessaiih iitili/c as measuiing points, stand- 
ardized aibitiaiih selected sites upon the shadow contoiii A standaidiza- 
tioii of this tjpe can take no account of the eaiiations iii disposition of the 
stomach wdiich the piesence of the othei abdominal Msceia induce by altei- 
ing its tilt 01 position fioiu time to time and ecen dining a seiial loeiitgeno 
giaphic study It is also difficult to discount the fluctuations in shadow pat- 
tern iieeessaiih aceoinpamnig peiistalsis ,nid iniiely local changes in the 
Magenblase 

As a check upon the niteipictation of lincai dimensions IMiss Kuenzel 
used the planimetei lecoid ot shadow^ aiea but apait fiom the ciioi of 6 pei 
cent which she claims is luecitable in these lecoids® the shadow aiea, though 
permissible as an index of lolume, gnes no leal assuiance of the volume 
which, aftei aU, is what we leally seek to obtain 

Lineai diiiiensions and aiea of loentgenogiaphic shadow aie of lalue, uti- 
li/ed in the inannei and foi the puipose desciibed bj these anthois, in whose 
iiands the lecoids so obtained liaie peimitted a quantitatne inteipietation oi 
1 oeiitgenoscopic obscic ations on gastiic actniti But these methods have been 

•Fioni the Anatomical Laboiatoi\ 'Western Resei’\e Universitj 
Recel\ed foi publication June 9 1931 

tTlie Steuei Prize disseitation in Anatoinj Westein Reserve ITnlveisltj 1930 
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'-TUMI'- IS nil \innNT\i\ (\s\f (»i m\s JII 

omplintil ti iii|iiu,inl\ (k mini" .i ttim uImii iiinit kIiiIiIi oi .iiiprnpi iiitt 
Iu]inu il (lixKi's sliitiild lie in i<lt ix.iilililt it i'> iin pnipnsi tlHiifnic to 
ilcMnlti .Ml .ilti I n iti\ < .mil )in‘.sil)h i innii *• ili'-fx iii'^ im IIkhI nf .m,il\ M'. of 
till’ loi'ii/i'iio'n ipiui tiioul I shill (list (iss )h< iiihimpn npfih it to tin 
olin nl.iiioii nl <.Msliii pioliiiiiis Mill si i K to ^Ui’ till iin tlnnl its \ iliditioii m 
i'\ uiiiiiiii" uitu.ill\ till 1 1 suits oiitiiniil III till liirlil of iiiloi in ition si < in id 
iloiiir otln 1 Inns 


I l I M ST I sTIM \TI s lU sroMM 11 ( \| \| IT^ 

(lhsi'r\ .It 11)11 on .iiliilt sioin.ul) \oliniii’ !i im‘ in on in nh in Liisi hh i 
13 « dll ttst .mil Ki'liiii" 

Liisilih.i iisnd di nl stninnlis hlnw (Inin up iin ili i .iti 1\ so is not to stntili 
tin ir w ills di iiind tin m ol lontcnts ,mil tlnm fdli il tlnun uith M.itii In 
«ooKnu: to di'toininin ".istin form l)\ (illiiiir tlm oifr.iii in situ uith pl.isti i 
IjImIiK.i nto"ni/i(l tint In li.nl .ilso ,m ,dti rii.itni iiirthoil of olitTiiimo 
\olinin' 

Ew.dil- iiM d LiisiiiU.i s iindliod lint .itt.mud no inoic' s.ilisf.if tor\ insults 
liii,.iusi* In iiH-inh fomd u itri iindni piissun into (ln> disid stoinuli 

Ost' niodifn d this tiilmniin to sonn nstont in pi'niiitliiifr w.Ttm to flow 
b\ Its own wiiirht .iliun into tlin stoni.n li iiistisid of h\ juossuro from IipIiiiuI 
i»ut Ost ,dso iiuostio.iti d tin* liMii" oi<r.in fdlin<r it in the saint' wa\ 1)\ al- 
Inwinir w.itn to flow ni until tin- p.itimit lomphiiiipd of pam .iiicl then ab- 
bti.nttiiifr tin w.itn in intioii oi foit iii}: in .in undti pressure with the same 
end in \ ii w 

Kelliiiir' fomd ,iii into the Iniiiif sloin.ith to ,i pic.iiranfrcd piessuie and 
then detailiiiio tin stom.i<li tubi fioin the pump collected the air remiroi- 
tated 

j\ll tin SI methods ,Ti( so obMonsh tiiide ,ind iii.icciirale that it is haidh 
iieciss.ir\ to dwill on tlnm In suinman thee aie indirect mcasuieinents 
made duniip lift ,md diiict determin.itions aftei death Both depend essen- 
tialh upon tin mtiodiutioii ot fluid iiiidei artihcial and uncontrollable con- 
ditions Otliei aiithois base pointed out that the amount of gas or liquid 
escaping through the pc loins oi lodging in the esophagus is not ascertained 
Theie are ohiertions ecni more significant than tliese m the Ining 'We hace 
as \tt no piecisf mfoiniation conteniing the icflles; effect of introducing a 
rubbei tube into the stomach Alotilitc, secietion aud size, we find mav be 
affected b\ diicct hAcs or eerehial stimulation There is pxobablv a marked 
complication fioin the seciftion of gastric luice and our roentgenoscopic oh- 
senations wain ns that this sfcietion nmc be both consideiable and lapid 
Measiuemcnt of colume in the dead stomach has still more obcious de- 
fects foi the oigan is atonic oi, if the cadacer be embalmed, mar piesent 
bizaiie forms in shapi or colume as was demonstiated long ago b\ Cunnino-. 
ham 1 As a mattei of tact w e mac eliminate at once the estimates basell 
upon measuiement of autopsr specimens or those older recoids draevn from 
the deteimination of colume upon dead oigans embalmed be arsenic alcohol 
01 other reagents before the intioduction of formalin 
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Neveitlieless gastnc \olume is cuiientJj conceded to lie somewlicie lie 
tiieeii 1500 and 3000 cc Vieioidt” has gatlieied togethci the vanous esti- 
mates which aie snmmaiized in Table T 

Taking a senes of 10 stomachs at laudom fiom adult male bodies em- 
balmed by a mixture of alcohol, caiholic acid, and glvceim 111111 about 5 45 


Tablf I 

Estimates or Stomich Cipaciti in cc Obtaimd bi iNTiiODUcrioN of rmiDs 



1 DFAD 1 

LIMNG 


AIR 

TTATTR 

AIR 

^\ \TER 

Luschka 

Ewald 

Ost 

Rosenlieim 

Kelling 

2j0 IGOO 

Male 2500 to 2G00 
Female 1750 

ICOO 1700 

1S30 2700 

1700 

587 1300 

22G7 2533 

1300 1700 


per cent of formalin I have obtained the lesults piesentcd in Table II The 
oigans aftei excision neie ligated on the duodenal side of the piloius and a 
pursestring sutuie was tied aiound the esophageal orifice into which a iiorzle 
was inserted The stomach was caiefulh filled nith natei which was then 
emptied into a giaduated cjhndci The aieiage volume of stomachs 2 to 10 
inclusive all showing formalin con ti action was 563 5 c c So small is the 
figuie 111 compaiison with that cuinentli quoted that one might reasonably 
doubt the laliditj’’ of the method nhich is undoubtedh complicated by the 
foimalin inieetion A single specimen of flaccid stomach gave a capacity of 
1263 cc but eien this figure is sinallei than most accepted aveiages 

Tablf II 


rAPACTTY OF Adult SIaie Srosnens in cc Removfj) From Forai \lin Embalmfd Bodi 

AND W\TrI PiLLFD 


^0 


^0 



1 

1203 

0 

405 5 


o 

G84 5 

7 

405 5 


3 

474 

8 

G29 


4 

541 

0 

GOO 


J 

473 

10 

AAcngo G33 45 cc 

850 



THE MATHEJIATICAL DETERAIINATION OF STOMACH CAPACITI 

Having failed to obtain anything like the usual figuie by filling the dead 
stomach with watei and suspecting eurient estimates of exaggeiating the 
actual capacity vc decided to seek a method of detei mining lolume flora the 
loentgenogiapliie pietuie of the living stomach Poi this purpose the oidi- 
nary anteroposteiioi loentgenogiam is not sufficient ve must also observe 
the gastnc shadow in the lateral loentgenogiam Poitunatety a number of 
such records had been made by Doctoi Todd and Miss Kuenzel Pi ora these, 
one notes that the stomach aftei a small meal is a cylmdiical tube slightly 
flattened fiom before backwaids The flattening vanes somewhat eimn in the 
same indmdual fiom time to time but for piactical puiposes, within the lim- 
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Its (if (Iftonnin.itioii possihli' tins \,nititi(>ti nin\ lie itrnortd We tlien hums 
ured the shadow of a Ii.irniin filled stoiniuh projetted upon the roenf^uiio 
stopic smell and liaMiip eipialu’id is well as possible, (he dist nice between 
stoniaeh and sneen in both laleial and anteroposterior postures, found the 
jzastrie tube shadow nist below the Mntrenblase 8") nun bioad in both niiftio 
posteiioraiid hteinl i oeiit'reiio'.’ranis Thoiiph this line of iincstipatum must 
he incthodolo-rienlh unsatisfMiip it tniifilit ns, at least that the stoin.ich aftci 
a small nieil nia\ foi jiractieal purposes, he considered a (jlindrital fnhe and 
thus our expectation that the roentpcnoprapliic shadow could be used as a 
basis of estimatiiifr stmiineh xolumc reccncd cnconragcinent 

It has alroada been st ited that hitherto, m this Inborator\, the area of 
gastric shadow has been measured bv the plnnimctcr But it might lia\e been 
done more neenrafeh f hough with greater e\pciulitiirc of lime. In the appli- 
cation of Simpson s rule I do not purpose to trace the dcrnation of tins 
rule from the niiahtic expression of a parabolic curie For tliat the reader 
should refir to am fmoritc exposition of the calcnhis There is a leri deal 
account ni Gibson’s little lolnnic"' Simpson’s rule is the following if an 
area under a enne of nnkiiown analitic expression is to be detemnned, di- 
\ide tins area into an equal niimboi of strips bv equidistant ordinates Then 
find the sum of the extreme ordinates, plus twice the sum of the odd ordi- 
nates, plus four times the sura of the c\cn ordinates Multiplv this quantitx 
In the fraction obtained In taking one tliird of the distance between ordinates 

Clcarh a calculation so imohcd as that just enunciated is not ivorth 
while in pneticc unless one can be fairh sure of its approximation to a true 
1 ablation of xolniiie, espocialh as the plaiiimetcr reading can be made in a 
fraction of the tunc In oui pieliminarj- survey of shadow areas made upon 
seieral hundred roentgenograms, when we could hope only for rough ap- 
proximation, the planimctcr served admirably By its help Miss Kuenzel and 
Doctoi Todd bale dillcrentiatcd sire of shadow area under different condi- 
tions as I haie alroadj stated These imcstigators liaxe therefore been able 
to forecast moie or less rouglih the probable differences to be found m stom- 
ach lolume under different experimental conditions The application of 
Simpson’s rule becomes impel ative to complete our studi*, now that it is pos- 
sible to make the necessarv coi reetions in dimensions of shadow area 

\X' ILLCSTRATrVE EXAMPLE 

With the human stomach as our example of a tube of irregular contour 
and a tiacmg of the projection of its outbne on a roentgenogram as our basis 
for calculation, assuming the tube to be circulai m cross-section diameters at 
equidistant intervals aie measured off and the areas at these lei els calcu- 
lated from the formula ^Ar-D” 

When the distance between ends of summit of Magenblase and lowest 
point of greater curvature, measured paiallel with the vertebral eolunin is 
dnided into ten equal internals and the capacity calculated by Simpson’s 
rule, w e find that the result differs be onlv 4 c c from the capacity computed 
when twenty such intervals are used Hence we haxe restneted our calcula- 
tions to the ten-interval basis 
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To obtain ten equal intei\als, ele\en oulniales aie cliawn at iiglit angles 
to the jiaiallel inst defined The fust and ele\entii of these being tangents to 
the gastiiL outline, gne aieas of zeio Aalne liciite theie aie nine aieas to 
compute The stomach Aolume is then lound In adding twice the sum of the 
aieas deined fioni the odd oidinates to foiii times the sum of the aieas de 
mod tiom tlie CAeii oidinates and dniding the total bA one thud of the dis 
tanee between tAvo suecessiA'c oidinates 

s nr artificiaIj rrsT stoaiach 

111 the coiiise ol tin Aioik a suggestion was gnen that peihaps more ac 
eiiiate lesults niiglit be olitanied it one diew the oidinates pcipendiculai to 
the a\is of the stomach In oidci to tompaie the piobable leliabilitA of tlie 



Fis 1 — Plaster mould manufactured from model of artinclal stomach See test. 

suggested technique Aiitli the method alieadj desciibed an aitificial stomach 
Avas cast m plastei This loiigli model of an aterage stomach Avas scraped 
doAAUi to eA’cn dimensions (see Pig 1) and its Aolnnie measuied Fioni it, a 
plastei mould was coiistiiicted and the two hahms fitted exacth' together 
leaA'ing a small opening aboAC to pennit the mould to be filled with Aiatei 
Befoie fitting the liahms togethei the inteiior w'as thoioiighly coated wutli 
shellac so that it w’ould be w atei -tight 

Piom the east model a set of calculations wmie made bA^ each method 
Pmelj adjusted calipeis giaduated in half-millimeteis aacic used to detei- 
miue the diameteis at the cliff eieiit IcacIs All nieasuiements wmre cheeked 
twice The first method detailed aboAe gace a Aoluiiie of 580 56 cc and the 
suggested alteiiiatiAm method gaAe one of 493 81 Then the mould was filled 
Avith w atei and emptied into a 1000 e c giaduate cylindei The actual vol- 
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unie was foiiiul to bo ^1^0 e^ Not onh dm s tins pnno ib if tin tii-st inotbnd 
IS oorroit but tbit it is uiiirnto wjtbni < \j)i>niiioiil)il and labiibibb liiiiits 
’llu siiiino of (iroi ill tin siitr^rostod .iltoni ili\i inotbml Ins ni tin but 
til it mo isiii onn iits b isod on i mimd axis do not ippl' to ,i ronnnla <abn 
1 itid on ( ai tosian I oouliimtos In oidoi to «l(.\olop ,i foi niiila foi fin <nnod 
axis of tlio stoinaili from MaL't nbl.iso to p\ loins ono would ba\( to use pobii 
ooordinati, s and lonual sootioiis Fins would bo fai loo (iimlnisomo ,ind 
tliore is no I xpit tiitioii that it would jiioxo to bo iiion aunrato thin tin sim- 
ple iipplRTtioii of Simpsons mb for pl.ino snifiioos to tin (aUnlition of 
\olnmes 

Till roi 1 1 1 Tins l oi. om IQI IT^ 

Tin foilinniin nist distrdnd loaxis out of an omit tin distoition of 
shadow ontliiio piodiaid b\ ol)ln(Uit\ of tin* stomnli llonu <i loiu'cfion 
innst bo mado in flio ordinafos aitnalh iin.isniod on tlio tiaciii" of flu lotnt- 



Jie LaUral roentgenosram rbowlng oblique relation of stomach to ant< rior abJominal wall 

trmopam Inasmuch as the nppoi pait of the stomach lies fuithci fiom the 
photo"iaphie film than the lowei pait its shadow aiea is coiiespondiiudv 
gieatei lienee we must know the appioximate foiwaid inclination of the 
oigan upon what is called the stomach bed For this the lateral ioent"eno- 
giam IS adcisable though not absolutelv neeessaiv since the slope of stomach 
max he sufBeienth accuiateh calculated bv consideiing the stomach itself as 
the h\-potcnuse of a light angled triangle of whieli the side is the xertical 
height of stomach shadow measuicd on the tracing paiallel with the xeitebial 
column and the base is one half the anteioposteiioi diamctei of the patient at 
the lex el of the Magenblase If this diameter has not been actuallx' taken it 
max he assumed to be 35 mm for a slendei male subject and 50 mm foi on 
oI stout (pj enic tj'pe) build ® 
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Since the lays spicacl fioin the anode in the form of a long cone it fol- 
lows tliat tlie breadth of shadon at any gneii lei el will beai the same i elation 
to the actual stomach diainetei as the distance of photogiapluc film from the 
taiget bcais to the distance of that gastiic plane from the taiget Having 
obtained and plotted the stomach obliquiti towards aiiterioi abdominal wall 
it IS easi to compute the distance of anj'' paiticnlai stomach level (oi ordi- 
nate) fiom the anode because the distance between taiget and iihotograpliic 
film IS known The necessaii' collection of the oidiiiate measiiiement on 
the tiaemg is then made bt simple pioportion When all the collected ordi- 
nate \ allies have been computed one may pioceed to the application of Simp- 
son’s rule In oidei to put this method to a piactieal examination the follon- 
iiig technique nas deiised The obhqiiitj of a test stomach nas first computed 
from a lateial locntgenogiam (Pig 2) A piece of caid cut at this angle is 



Fig 3 — Apparatus for checking computed corrections of shadow diameters (ordinates) 
Target placed apprcKlmately at lc\el of disc between first and second lumbar \ertebrae 
Strings "VNith needles attached to stomach outline at extremities of an ordinate 
Cardboard marker reproducing obllciuitj of stomach Bj a steel rule measurement Is 
made of the distance between the threads at the card hypotenuse 

mounted at right-angles to a stomacli tiaciug, its lower angle lUSt touching 
the lowei maigin of gieatei cuixature on the tiacing Two threads represent- 
ing divergent rays, each having a small needle at its fiee end, are attached to 
a suppoit representing the target and placed at the target distance fiom the 
photographic film The needles attached to the thieads are then inserted into 
the traced stomach outline at the extiemities of snceessne oidmates (see 
Pig 3) The distance between the threads is measured by a steel rule placed 
against the sloping edge of tlie card and the obsen^ed distance checked against 
the computed distance 

As an illustiation of the use of this method I have measured a series of 
fort 3 ^ roentgenogiams of a single trained and stabilwed stomach taken at 
inteivals of tweiitj^ seconds aftei the swallowing of a meal composed of four 
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Hr a — C ompirl-snn of 'tnmnrh \olumc nn 1 «lnilon nna on nrUhloR r>pr 
Dlmlnntlon of Aolumc nn 1 IL'i rintlimlc llurUntlonB nro bettor tffn In the pr/ipli of tolumo 
tlnn in tint of pIikIoh nn t. ‘^mooUilnf, Is tibtnln* <1 b\ lAor-iBlnR tho ii» t< rmlmtlons nt Fiif- 
co i-h, I<\it>; Tiio first fiei rornt"f noenins nn nf lltll* \ iliic for It l« <)n!> In tho bIxUi 
th it thi InHiim rmnilios Iho stomirli 
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THE TOURVAIi OF EAlJOBx\rO«\ AND CUMOAE All DIOIM 


ounces of butteimilk with S3 giains of hainim sulphate Tn Table HI aie 
lepioducecl the suceessne cleteiininations of capacjtA and tlie plauunetci lec- 
oids of area Pig 4 gnes the same infonuation lu giaphie foim 

THE REPRESENTATION* OF GASTRIC BEIIAVIOR 

The plotting of calculated Aolunie and mcasiucd aiea of sliadou upon 
aiithlog papei iiermits diiect companson of the tuo resulting cunes Tliat 
foi Aolume IS guen liofh in oiiginal computations and in smoothed form Tt 
IS appal eut that both cuiAes tell the same stoi\ The coliune cui\c has hmi 
eiei moie inaiked fluctuations than the fuiie of aiea NatuiallA* the fluctua- 
tions of botli euiies coiiespond accuiatclv uitli each othei in time lelation- 
ship The gastnc Aolume falls foi foitv seconds aftci su allowing the meal 
This IS piobablv due to the loss of fluid through a patent pilorus Then uith 
clonue of the pA loins the Aoluine uses oning to outpouring of gastiic puce 
At the end of tu o minutes an adpistment occuis betAieen floir of pnce and 
ilnthmie opening and closing of pA loins so that the Aolnnie falls lapidh at 
fiist and then piogiessneh moie sIoaaIa until, toAiaid the end of the cNpeii 
ment the i eduction in Aolume becomes AC13* giadunl 3 ’hese intcriiretations 
aie based upon othci e\peiiments made bA Docfoi Todd Miss IvueiiTel and 
othei s of oui staft upon gastiic behaAioi Foi fuithei elucidation and c\pla- 
nation the leadei must lefei to othei studies fioni this laboiaton It is 
appaient that the eoiupntation ot Aolume Iia Simpson’s lule gnes a iiioie 
AiAid lepiesentatiou than simple shadow aiea of the details of gastnc be 
haAioi It does not actualh bung am new inferences into CAidence 

The fiist stiiking lesult of the e\peinnent is the singulai similantA in 
aAoiage Aohune of the stomach undei imestigation to the aACiage Aolume of 
0111 dead stomachs 2 10 iiielusnc This is of couise not the aieiagc capacitj 
aftei a heaitj* meal What Aoluine the stomach attains aftei a laige meal is 
a pioblem foi latei imestigation 

Anothei lesiilt piobabh* of cousicleiable significance is the ihAdhinie fluc- 
tuation in capacitA as the stomach empties This is AeiA* clcaih'’ shown on the 
smoothed giaph 

The thud point to which attention should be diawii is the compaiatne 
inadequacA of the fiist file loeiitgeiiogiams since baiium does not fiilh canal 
ize the stomach until the sixth, namelj tivo and one-thud minutes aftei SA\al- 
loAAung the meal 

It IS of couise obAious that this method of computation is open to objec 
tion The stomach wull not be a peifect tube The peiistaltic wares, in then 
passage detiact somewhat fioiii the leliabilitj’^ of the loentgeiiogiaphic lee 
ord The exact distance of stomach fiom taiget is not knoAvu, 1101 is the 
oblirpiity of the stomach acciiiateh legistered Valid as all these objections 
aie, then total effect is but a small fraction of the disturbance in gastnc 
behaAioi caused by the introduction of tube and of air or Avatei 

One must make the lesei ration that the method heie described wall give 
much less leliable lesiilts in lijpotonie stomachs Avhicli hang doAvn in the ib- 
dominal caAutj as flattened bags 



Ml IS Tin i\s\t <>i m\s 


Tilt jniib.ihlt iist'fiilm"'S itf tin iiiiitlmiiiitii.il iiii'tliml is iMilfiit in nnr 
loutiiK* l.ilioi lion sfiidit's niid iii.n hi* liiiisli.itt tl in .1 feu sfiiti'in i‘s Dfttr 
iniintion of in.i 11s .ipinnnt fiom tin* <41 ijili is siiiin't to nioilifn .nlion In 
niomiUuitu's of onthio' whvili Uis> b'-s ofiott ujMtu tlo' monl of \oUinu 
Tlio 1 ittoi tliciiloit sliiius nioit (Itiih 1 ili\ tlinm iti ol inittoin ulinli ip 
[It iis to 111' (.li.ii n It ri'-lK III ill ttiii ‘•tiiilii '''I I iiiidh 111 till iiinitis\ of nn 
I olli'.i trill's 1 nil .ddo to <Ti\t in J'.ildi 1\ 1 Iniof iiioid of otiiii pii.illi'l stud 
11“' iii.iilo ll^ tilt* ipplK.nlion of ‘smiiison s iiili in tin* nuinnii mIiuIi 1 lii\i di 
-iiihid in tins .iilKit ,ind ilhisti itod m T.thlf 111 ‘'tiidifs m 0111 l.dioi.iloi \ 
li.ni \t'n toiisisidilh pointt d to ,1 sli;rlit!\ sni.illi 1 ".istrn %olmiii .iltirlm 
ouiiiis of M.itfi til 111 .ifti'i liM' iniiHis of niilU mil to 1 1 onsidor.ilih Kiitrii 
f-MstriL ^ohInn' fliin tint ili ii.itlt'iisin ol niilK ulnn Ilio s.niit qiniiifitv of 
Inilfi iniilk IS .idiiiinistt It'd f.nttii, ,it id losiilts hate pio\id sonnoliit pir- 
Jilt'Miii: .111(1 .iro still 111 111^' iin I slif>,it('d \ ori m.iiu s(>na! studits inditati 
that tin’ si7i> nnd ilii tlimu it\ of ft.istui Miiunn .uc iirodiiccd In the intorpl.u 
of "istiu si'trotion .iiid ilntlim of p\liiiii opi nintr .mil (losintr WIi if ap- 
p.iuntl\ orratit inflni 111 1 is it woiK in 0111 l.nfn md stiidiis Ii.is not \(>t 
lit'i'ii (kti'iimind 

T(i*u n 

(tiMiiH'-os to \Mi M.i (.\snir foil Mr (( c I is flour snut Ifors-rr.rsori \i me 
syi iiir*' sii<i\ ISO iMxi'sir m Dmni .t stmuh 


COX Xi 

T M S ’XO 

XX I M ’XI 

X\ \ s >-'1 


•Till' lactic acl.l r.'.ult'- ar> ••o lonfllctlng tint some interf. rlne cau^c li inilicit.'.l Tin 
1*5 Tioti bclnfi: ito<l 

111 toiitliision I lUsiie to t.iti that tins ooiK m is muli'i f aki'ii dm 111 " tin* 
teinui of a f'lilo Stholaiship in the An.itoniical L.ihoiatort and I acknoul- 
tclgc nn null htediH ss to Diutoi XViiifriti Todd toi Ins help in piepaini" tins 
inainisiiipt toi pnhiicatioii 

St xrxrtut 

1 Cuiunt (stnimfis of fristut xolinm sulln tioin dchttuc titlimquL 
niasnnith as pastne bt'h.nun is influenced bx the mtioduttion of unusual 
iorpiirn stibstaiitcs into the stomach and conditions into the esperniient 

2 To obxiate tin *-6 difficulties of technifiue a method is heie piesented 
"Inch ictpines sniiph an anteioposteiioi roentgenogi am and a detenmna- 
tion both of the obluiuitx of the stomach and the distance of the JIagenblase 
from tlie antciioi abdominal wall 

3 Simpson s nile as applied to the volume of a tube of nnkiiotui ciu\a- 
tme, pioxidcs a faiih icliable method of estimating stomach capacitx undei 
the paiticiilai conditions of oui small meal expenments It also pioxides a 
iead\ measme of the changing xolume as contents become tiansfeued to the 
small intestine 

4 The diminishing gastiic xoiume shows iluthmic fluctuations whidi 
find their explanation in othei studies 


Mils. lUTniMlIK M \T 1 I LUTIC irlD 

Jsi, " ~ ' jTt 

*>ls 4(|0 

47 l) 41 s' 

G4> SlO* 
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5 Estimated bj' this method an illustiatne fiieoiiiiee (150 ec) butter- 
milk meal in a healthy joiiiig adult stomach bespoke an aveiage lolume of 
onlj^ 643 cc when measuied ovei the fiist thiiteeii minutes aftei s\\ allowing 
Since this is gieatei than the amount swallowed, the secietioii of gastiic juice 
must account ioi the difleieiiee 
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LABORArORY METHODS 


AlLrH\\l(’\L \ll)s 1\ LMiOU \T()in I'UOCLDLKKS* 

U\ \\ F IJoilINvON loidMK ( 

T ill- !iu' l( I n i ili(ii.it(ir\ IS In ( liiiiinir ni( i < .ismirh ili peiidi nl upon its inttli.iin 
til iml tiHlitiK il oipnpiiK nt TMliimnins assist.ints ,iiul professional 
stafi liKi tin .ntisin to <lo ni-tin to thtinsihts must 1)(> jiroMili d t\ith 
piopu tools Tinn and thoutrlit spent on tins phase of the ttork bnnfrs its 
reward in m ifikunt ind smooth nmmii'r routine 



, Fit. 1 — Shows complete Installation of the hot paralUn plate. On Uie left are the lar-c 
of the deparamnint; fluids and also the staining and dehtdratlng fluids On the bench'’ In 
alcoh 1^ **’Vd'^* foP cairting the sections through the aSious 


W-VESI PLATE FOR PAR A> FIX EMBEDDING 


Within lecent teais vre ha%e e\olvcd and introduced into our labora- 
tories pieces of apparatus whieli hate proved to be seiy helpful m the cany- 
iiig on of the day’s m oik The fiist, a waim plate for paraffin embeddm<r has 
been found to be s civ useful and to facilitate to a great degree the paraffin 
embedding of tissue blocks By our technic the blocks of tissue with respec- 
tn e labels are stiung on a fine fhread These aie earned through the alcohols 
into pa raffin by the Aiitotechnicon machine The string is then placed on 
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the ■\vaim plate, the blocks cut fiee Mith a pan oi scissois and embedded in 
papei boats This lattei piocediue is earned out on the warm plate kept at 
a constant teinpciatme of 70° C Its cousti notion is simple, consisting as it 
does ot a sheet of coiipei 18 >'36 inches ivith the edges lolled and conieis 
soldeied, except at one end wheie the sheet dips ovei into the sink To the 
bottom of the sheet and 6 inches fiom the sink end tlieic is soldeied a coppei 
box 4 inches sqiiaie by 3 inches deep A hole is cut thiough the coppei sheet 
and a spout iiiseited to coiiespond to one coiiiei of the box beneath This is 
used to fill it uith watei A heating clement consisting of an oidinan phig-iii 
elect! 1 C heatei used foi hot watei boileis is nisei ted in one side A scicn niit 
IS sn cated into the side of the liox and the heatei scicued in In a siinilai 



Fig 2 — Completeh equipped workbench foi ^smsical press material Including dicta- 
phone sink hot and cold ^ater special taps for formalin alcohol and distilled natei and 
at the end of tlie bench a suigeon s ■v\ashbasin tMth knee controlled water supplj 


mannei an ekctiic theimostat is nisei ted These aie connected to a flooi plug 
and a snitch nitli pilot light A\iied in the line The complete installation, in- 
cluding the paiaffin o-\en, sink and staining jai-s, is shown in Fig 1 

A PKESSURE SiSTEAI FOR FORWALIM ALCOHOL AND DISTILLED W-iTER 

Instead of the giaiitr sjstem nith its iinsightlj low of laige bottles 
o^elhead we ha'\e installed a piessuie system with oidinaiw ivatei taps for 
dibtiihutnig the foimahn, alcohol, and distilled ’natei as lequned The laige 
nuichesteis containing these fluids aie placed in the locker space beneath tin 
noikbench An piessiue is pitied to the bench and a piessuie i educing -lahc 
inseited ni the line The nniehesteis are closed With inbbei coihs nitli two glass 



miihwhm \n>‘' in i Msm \tiii \ 1 1 m i di i U'- 


!ub s rujuuiiu < It li Ont' irtts to tho 1 iiitt*i!u tht^ tiilit i lUst !!tiouirIt fiit 
utiK 'lilt' httii IN liiioKod uji to llu an pit^snn !nn' md tin foiniti In 
1 tililu'i tviliiii^ IN ( (mill I It il to 1 [looNi' in I K tip \\liiih iluiiiiN iiitn IIh sink is 
slum II in tlif illiisir ilitm (1 i}r Ji Tlin laps ,iic of tin* mdiiiiri (jiiuk .ntloii 
ioMi l\pi‘ lilts, 11, slink I ijnipiiii lit wliiiii inn In piiuliasid fioiii itn 
pliiinUt‘1 Wi'iuni iniind tli.it in m ini'ssnn id thin ixmiids is tin most 
s itisf.n loi % pi I'diii nil. 1 nond tlin\ oi fluid uitlioiif iiiiiili daiiirfi of blow iii^r 
tin* lorks out (d tin Imttlis 

MIlKOTinil KMH SIIMUIMI 

ilii‘ ni'i d tor sink a iiiiiliiin is iMikiiiid In tin iiiriin mu diMiis lo 
poi ti d foi tins pniposo III till litiialiiii 1 In jiiiiuiidi iinohid is not mu 
Its apjdu ition for tins jniiims, k is uoiktd out m r\ satisf.u toi ih It lon 
snts I'ssi iiti.ilh of tun stul mlkis J} mi in s in l,ii}.tli In {>_. iiiiiif's in 
dniiiotii with 1 sli ift 1 iniiiin^Mluoiii:li till until luosiximli u nk kinds 


i * 



.. 3 —Front \k\\ of mlcroloim knife Mjirptnfr showinc the smooth Ic'ither rollers on 

prlnchnf? nnd tho cpirnl If ithf r strap on the loft for flnkhtnq The large pune\ 
It ine left end actuates the cam shaft 

of lieaw IpTtlioi koitinjr no (onii'nlul on to i arii lollei I’lip band on the 
riplit end ot tlu lollei is knilt up until i tkukness of about inch is at- 
tained The lolkt IS thin ]nit m i lathe and the leathei ccrc caiefullv tmnccl 
doun until a tint km ss of .ibmit inch is left It is smoothed down with 
einei\ papei The katliii hand on tin left (nd of the rollei is cemented On 
in the same manner until a thickness of about inch is attained This is 
tinned doun in tin latiu to inch in thickness A Vt meh thickness of 
‘’Poiigre riibbei is then httid om 1 this and ci minted to the undoihinfr leather 
Wheie the edges 111 1 et a low of fine tacks aie put in to present the rubber 
fiom culling Ocei this an uound thiec carcfullv selected pieces of leather 
stiapping i/_> inch in uidth and _ inch in thickness These aie fastened at each 
end hi dulling a hole into the stul roller, tapping it and inseitmg a screu 
The leathei straps aie uound aionnd the lollet m a spiial fashion The other 
loller is piepaied m exaeth the same nianuci The lollers are mounted m 
brass healings and suppoited on a cast iron frame (Pig 3) 
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A holclei foi the knife is shown in position attached to the lockei bai by 
a thnmbseiew in Fi" 4 It is const! ueted of a metal bai 4% x y % inches 
with a sht in the center foi the sciew-bolt to liold it to the loeker bar On 
one end is fastened a countei -balance weight and on the othei a metal jaii 
to hold the knife This piw fits into the fiist bax bv a pm and socket joint 
so that It can lotate sideiia’vs and allow foi an eien jncssme on tlie rolleis 
The lockei bar is snpxioitcd at each end in biass beaiings and actuated 
by a cam located undcmeath at the left end (Pig 3) The cam is rotated at 
a speed mneh less than tliat of the lollcis bj i eduction geais By this bai 
with its cam the Icnife is piesscd fiist against one lollei tlien the other One 
tnin IS lequiied to thioii the knife fioni the one lollei to the othei It is 
then held against the lollex for tliice turns It is oui intention howeier to 
put in moie gears to reduce tlie speed of tlie rockei aim sliift so that the 
knife Mill be held in contact Mith the i oiler for some 12 to 14 tin ns each 



Fig- 4 — Side view- of jnicrotomo knife sharpener sho^ ing the knife in position -Hitii its edge 
pioperlj in contact with tlie anlshlng i oiler to conespond to its anal hevelled edge 

The lolleis aie connected up b> louiid leathci belting oiei pullej^s The 
two lolleis aie lun m opposite diiections and away horn the edge of the knife 
The proper adjustment of the knife holdei on the looker bai is veij impoi- 
tant The distance in or out determines the final beiel edge of the loiife 
Once established this should be kept the same We found it an advantage 
to giind all the knnes to the same bevel then to leave the knife holder looked 
in place and just slip the vaiious luines in oi out of place by leleasing the 
scieM^ on the jaM at the end Mhich clamps the knife The piessuie of the 
knife on the lolleis is adjusted by a spiing tension on the two aims attached 
to the rockei bar Mdiieh ride over the cam Tins adjustment we have found 
to be veiy impoitant and will piobablv lead to our making some fiirthei 
changes in design to moie adequately eontiol it The machine in pnuciple 
seems to be sound We do feel howexer that nianj improxements can be 
iwde in the May of finei adjustments The chaiaetei of the leathei strap 
pmg used is important In the case of the spiral stiaps these must be kept 
'’pan and occasionallj^ oiled The leather lolleis on the light side must be 
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tion aie bioad enoiiixli to allow ioi 90 pci cent oi inoic o£ the woik The 
lowest niaj'iiification we liaic ionnd satistactoiv foi gcncial pni poses is x48 
If low Cl IS needed the c.imeia (.in be set a little hifrhci oil the bench to allow' 
foi a frieatei oMension ot the niicioscope b.iiiel The nppei limit of mag- 
nification IS about \S00, although we liaie taken pictuies up to \1800 These 
lattei aie diifieult to make and usualh not altogethei satisfactoi y 

The cameia consists essentialh of a light wooden bov, light-pioof, and 
built as shown in the illustiations (Figs I and b) A wooden spout projects 
toiivaid 7 inches It is 2)c inelies sf|naie at the canicia end and i educes to 2% 
inches squaic at the distal end A piece ol lYj inch thin biass piping is 
nisei ted in a hole on the undei sin lace ol the spout at its outei end and 
allowed to pioiect down /| inch This pioiides an ojieiiing foi the micro 
scope on which should be placed a ciiciilai metal light-tiap The distal end 
has an opening cut at an angle ol 45° wliicli is coceicd be a wooden block 



Fig T — The cemeia in nsc sho\\ing Us oase of handling and acce*^«;lbUlt> of focusing parts 

lounded ofi on its iippci smlace and countiisuiik on its luidei smface It 
is lunged to the spout To the undei suilacc of this block is attached a % 
inch light angle pnsm set so that the lais of light coming fiom the micro 
scope aie deflected at a light angle tluongh the spout to a smface muioi 
in the top of the cameia bov The cameia is constiiietecl so that a 4x5 plate 
holdei will slip into its base The plate bolder is held up in position bj' a 
w'ooden plate 414 i>V 2 inches with thiee coded springs under it The upper 
smface is painted white This senes as a focusing scieen It is cut down 
a sixteenth of an inch to gn c it the same level as a plate in its lioldei Fig 
6 show's a plate holdei on the light side of the cameia partly inserted into 
its iiiopei position The c«meia is set on a boaid 7 x 8 *4 x % inches in thick- 
ness If a tallei imeioscope is used one oi luoic boaids may be placed undei 
the cameia and screw ed dowji to the table until the propei height is at- 
tained foi the flee moiement of the mieioscope ban el within the limits of 
uicignificatiou lequiied 



MrCltWKM VtO" I\ f MIOUVIOK^ I'I’fK ( 01 I I,- - 

Tht' unin of tbo i nnii.i !'> t on*'tnit U i 5 ^^lth biwK tf» lodn^o its 

liuJKiiu’ss Its It ise (outsuU mo ism t*iiu nt ^ is I’s (>’ i im In s ,iml its lit ijrlit 
to tlie apc\ of flio i.unoia in fnmt is inolns Tlio top is tut at in .intrli 
of 40' .iml tou 11 <l tlio fiont an optMiin" is loft in it t’j il'j itulios witli 
lonnferstniK oil;rcs did tins is pl.nttl .i Inl \miIi o\ 1 1 ii.mt.'in;' < dirt s so is 
to cxoltulo lifrlit .mil to tin iinili i snil.ioo ot tins is .itt.idntl i snif.ito niitioi 
znc.isiiniifT d _■ s 2 >_ iiulios Tins minoi ii lit its tin iin.i^o tioiii tin* piisni 
(lonn onto flit' si rot n lionil ,it tin It iso of tlio t.mioiii Tlio lontrlli of tin 
spout and tlio lioiplit of tlio nmcr.i is loiistrmlod so as to m\o .i proitction 
loiifTth fiom tlio oiiilir of tlio initrostop,* to tin' jiiati in its fioiili i of IfUl 
inin This is donhlo tho noinnl inojiition li'ii^th of .1 inniostopi mtl tlnio 
fore doubles its nninutn it 1011 '1 In ini i^o is \ ion id lliioiitrli .in oponintr in 



S — Disgmmmatic drawlnn of earner t ami microscope In position on top of the bench 
wUh tbt PunkUicbt bclo\\ 


the top of the eameia ton aid the baek nhich is pioteetcd an oidinaie 
stereopticon shield as illustiated in Fi" 0 When the focus has been ac- 
curatelj' adjusted the slide is diopped donn o\ei tho Mening holes and the 
plate holder inserted 

As an illuminant ne use a Zeiss Pimktliclit This is mounted beneath 
the bench (Pig S) on a ciossbai so that it can be moied sideuacs as nell 
as baek and foitli in ordei to centei it beneath the substage condenser \ 
hole V/y inches m diametei is faoied 111 the bench top to allow the li"ht 
througli Once it is pioperh placed it will not base to be touched a<rain 
To focus it tlie substage condenser of the microscope should be remoAcd '^The 
light IS then adjusted to a shaip focus on the object slide The substarre con- 
dense! IS then put hack into jdace and adjusted with its lack and pinion to 
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bung out the cleaiest delineation of tlie image Foi leij’- low powei uoib 
we lemoie the fiont lens of the substage condensei To coiitiol the cxposuie 
a small imeited wooden tiay slides oiei the legs of the imeioseope stand and 
in it IS boied a hole to come exactly oiei the beam of light Into this hole is 
screwed an ordinal} cameia shuttei of the \aiying speed type This is con 
trolled yith a plungei U pe of lelease, Fig 5 To focus tlie section the tra} uith 
shutter is slid aside When the focusing is completed it is sho^ed back into 
place and the shuttei used Whateiei coloied seiceii is icquned is simpli 
placed on top of tlie shuttei as illiistiated in Pig 6 





Fist S — The cnmeri being- used as a projector The image is thro-an onto the screen In front 
by merel} slipping an extra niliror into the end of the spout o\er the microscope 

One can see fiom Pig 7, hoi\ leadil} accessible aie all the contiols on 
the micioscope and how east it is to focus the image and make the evposnie 
While the eanieia ip consti iicteci to use 4 v i inch jilatos ue put in kits and 
use 314 X iV-i incli plates Laiitein slides me then made b^ diicet contact 
planting If laigei inmts aie desiied enhiigcments niai be made horn the 
oiiginal negatne 

The caraeia can be put to anotliei use naineh , a piojcctoi foi dtmoii- 
stiating slides to small gioiijis This is done bi merely lifting the hinged 
wooden block on the fiont of the spout and nisei ting a small minor into a 
groove cut at an angle of 45° as shown in Pig 0 The image fiom the micio 
scope IS then tin own foiwaid onto a scieen placed on the wall in fiont of 
the camera 
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T HL pi< upil itioii ni ((ill<ii(lii "nl(l Jn (< leliMivpiii.il fluid u.is In'll itnisli 
•rail'd l)\ ( ml L.iu'^t* ' lU found Unit loIIouIiI '^odd was iiof pi ecipitatcd 
b\ tinbnispiiial fluid ohtmnod fioiii noiui.ii indnidiuds, but fb.it llinso from 
indnidunls suneriii" from (I'lt.iiu afioctions of flu cciitr.il n(’r\ous s\stoin 
{rn\e dcfinifc jirotijul.ifiou iisiitious II<« obsorMd tbnl these n,a<tions in- 
\<in<ibl\ otLurred witli ceiebiospiu.il fluids obtained from pntK'iits with sepli- 
ibs of the leiifi.d nenoiis s\sleui and considered lluit the colloidal frold test 
w.is of <rie.it \.ilue iii the di.iirnosis of such eonditioiis These obscre.ifioiis of 
Lniifri h.n e been siihseipieiith (oiifiinud b\ \.irioiis obsereers 

In ini4 Alillei and Le\\= emph.isi/ed the fact th.it the piccipitafion of 
colloidal tfold b\ siuii.il fluids fiom p.ilienfs with tabes difleied in a fiinda 
ineuial mannei fiom those obtained with spinal fluids fiom paiefies MiJIei 
Brush Ilamniei-s and Felton'' (onfiimed these obser^alIons 'J)ic\ concluded 
that tiu Kacltoiis ate ch.uaiteiistic with spinal fluids of "eiieial paietics hut 
not with thosi in tabes noi in ceicbiospinal svphilis Thes also obsoned 
that the t\pKal pan tie cnt\« was obtained oceasionalh with spinal fluids 
obtained lioin siiihilitic p.itients showiii" no esidence of dnnentia 

Mrrhinii’nii of t/u Gold Sol Erochon Wilh Cochiospnwl riuid — Tlie mech- 
anism of the iiaction betwiin the colloidal pold sol and the spinal fluid has 
been the siibiect of mam iim stijrations Langre' assumed that the reactions 
were dm to the pie^tiice in the spinal fluid of specific pioteins 'Weston'' 
found that tin <rohl pii cipit ifiii" substance is not the Wasseiniann producin" 
substance since sepaiation of tin two could be eftccted lie suggested that 
the actne piecipitating substance in the spinal fluid is a globulin, since it is 
piecipitated fiom solution hi amnioiuum sulphate, and is destrojed bv heat 
It IS necessan to note that Weston did not considei an inciease in globulin 
alone as indicatne of sephdis because such an increase is found m the spinal 
fluid in nlan^ conditions othei than s’l'philis 

Pelton- considcied that the \anous tcTies of leaction were due to the 
antagonistic piecipitating lelations of albumin and globulin, the albumin ex- 
erting an inhibitors action and the globulin a precipitating action The re- 
sults obtained be Fischer" indicate that all four of the globulin fractions 
(fibimogen plus fibriiioglobuhn, euglobulin, pseudoglobulm I and pseudo- 
globulin n), possess a flocculating effect upon the colloid gold sol These 
cbffeient globulin fi actions in similar coneentiations e\eit floceulatin"' effects 
which cai*} in degree Both the first and second albumin fi actions fail to 

•From the Bacteriological Laborator\ of the Phllaflelphla General Hospital 
Recthe.l for publiratfon Tul\ 1 1S3I 

_*o9 
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cause flocculation of the colloidal gold but have a piotective eftect tending 
to pi event such flocculation The amount of flocculation is propoitional to 
tlie concent! ation of the globulin solution 

Spat’s" theoiy that in sjphihtic mvoh eincut of the central neivous sys 
tern the flocculation of the gold depends upon the syphilitic antibodies Mas 
dispioved by these expeiiments Lange’s® and Eiclcc’s® theoiv that from the 
result of the colloidal gold leaction the stiength of the TVasseiniann leactioii 
maj be predicted is Amlid onh"^ in ceitain eases In some cases of ccrebro 
spinal svphihs, the 'Wasseimann leaction of the spinal fluid is negntne in 
spite of consideiable flocculation of the gold Tlie expulsion into the spinal 
fluid of the SA'philitic regent from the infected ceiitial iieiious srstem docs 
not alM-avs inn paiallel with the exudation of the globulin 

Independentlv of Pischci Ciuiclvshaiilv’" made a detailed im estigatioii 
into the lalue and mechanism of the colloidal gold test He confiimed the 
conclusions of 'Weston tliat the actne substance in the spinal fluid in geiieial 
paretics is not diah sable and that it icsidcs m the globulin fiaction of the 
piotein but stated that it is nof afiected bv heating to the coagulable point 
of the protein He obseiicd that the laiioiis tipes of tlie srpliilitic leactions 
could be simulated bA' mixtuies of globulin and albiiinin, the globulin acting 
as the piecipitatiiig agent and the albumin as the piotectne agent He theie- 
foie concluded that the svphilitic reactions aie in part due to the piesence 
in the spinal fluid of albumin sufflciciit in qiiantitA to paitialh' obscure the 
precipitating effects of the globulin, and in part also to a specific alteration 
in the pliASieal state of the globulin Avhich is associated Mith a positiAc elec 
tiical charge 

It appears then that the tApe of reaction obtained Mith aiiA given abnoi 
mal spinal fluid depends upon the balance betMcen the albuinm and the globulin 
content of the fluid When globulin is jueseiit along Mith little albumin, the 
flocculation of the gold begins in the 1oa\ est dilutions of the spinal fluid and 
tends to disappear in legiilai gradations in the higliei dilutions after the pie- 
eipitating effect of the globulin has been disiieised Iia the dilution This tApe 
of spinal fluid is rather constant in geneial paresis, and occurs Avith consider- 
able fiequeiicA' in multiple seleiosis It giAms the so-called “paietic tvpe” 
colloidal gold cuiac in the test 

In spinal fluids containing a similar amount of globulin, but a greater 
amount of albumin than occuis regulaih' in spinal fluids of the paietic type, 
incomplete precipitation occurs in the lOAver dilutions of the fluid The 
amount of precipitation increases Muth the dilution foi a time to a peak after 
Avhich fuithei dilution brings about a regular decline in the amount of floc- 
culation This gnes Aihat is knoM'n as the “tabetic” tAqie of gold sol curve 
With such fluids the piotectiAe effect of the albumin must be dispeised faA^ 
dilution before the precipitating propertA’" of the globulin bungs about its full 
effect The inci easing precipitation Aiuth dilution is due to the elimination 
of the inhibiting effects of the albumin, while globulin concentrations remain 
actne Upon further dilution, the precipitating effect of the globulin is Aveak- 
ened so that a gradual decline ot the euiAe occurs 
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Wltcn lifi(!i th< iHiumin uid (ho ^Ooliulni miKi'JKs of (lif *>pin<i) fliiul /irt 
{iienth HU rcnst'd (uci the uinounls pr<">tn{ m llu iiIiono t\ pi"- tin miik pliu 
nonuMU .ut' olivt'i\ 0 (i .is occm lu llu “1 du'tu. l\|i(> ' <it K’utuui lien* how- 
<'\or llu iiiliilnlnur (‘fifits nf llu .illunniu will lu' i.iirud tlnuiiirli i wului 
1 \U"e of dilntuuis md ifti'i tlu> idliiunm oinu t disnjiju-nis, tlu u \(t niniins 
suflicieiit {rluluilni onneonli it urns m tlu' liif.lu i dilutions to liiiiijr iboiit (oiii- 
plcto priu ipit itioii nf tlic irold Tim hifrlust dilution tisr-d louliiuh in tlu 
tost (1 lu.iN t utsc ininpU'tn pipoipitatum nf the irold um d If still 

1111.1100 dilutions ,110 iniido liowexoi i point is lo.nclmd wluH tlu' piotijutnt- 
111 " efi o(t of fill' "iohtilin dodiius nflioi .nliiupth Tins tope of fluid is found 
iisualh in uiiti' imninirilis Cluoim foiiiis of nicninrntis ni.i\ "i\f riso to 
if but 11101 (- froqiu'iith siuli fluids loud to ni>pi«i(li inoK* im.iih tlm ri - 
aitions of tlm ‘ tnlufu txjm 

^^f{h<Hh llci fiofnrc \fhot<t(ttI ftn Uljiisttiuj (lolil Sols for n Stundnxl 
Iirncl>oi\ — Ono of tlm difiieultms met with in oppl\ inir tlm (.nlloid il "old lest 
lias lioen tint of st.iiuHidi/in" tlm snisitn oncss of tlm gold sol to bo used 
from time to time in tlm tests Adams .md liis associntcs” iinostigatod the 
Pii readinrrs of sols and found that a Pn of I 2 Mclded sols of satisf.actory 
and faiilr constant sonsif i\ (’imss In this method a misturo of S o c of the 
sol and 1 cc of a 3 per cent sodium chloride solution in triple distilled 
watei IS illowcd to stand foi fwents foiii houis I pon the precipitation of 
the "old 2 23 e c of tlm clear hupernatant lirpiid (lepi escntin" 2 cc of the 
original gold solution) is titiated with \ 'lOO hsdiochloiic acid to the maM- 
muni sellow with hroni ciesnl-puiple le, Pn 3 2 According to this titration 
the hulk of the solution is then adpisted iiid the P„ leading chocked 

The Indiogen-ion leiding ma^ he made on tlm gold sol without pie- 
cipitatmg tlu gold if the d\ e is .ubb d dnectK to the gold solution and a 
tube of gold sol without (ho used m iionl ol tlm coloi standard as a coloi 
compensatoi when biomtlnaiiol blue is used as the indicatoi If the pic- 
cipitation method is prelciable tlm wludc cletnmmation maa be hastened 
ba centiifugali7ing aftei tlm iddition of the sodium chlondt solution so as 
to obtain the clear luiuid in a fcaa minutes 

The oldei method of testing the sensitiacncss of the gold sol ha the use 
of 1 per cent sodium chloride solution is useful as a pieliminaiy test The 
addition of 04 cc of the sodium cliloi ide to 5 c c of the gold sol should 
produce no piecipitation as eaidenced ba- a color change, avhile the addition 
of 17 e c of the 1 pei cent solution of sodium chloride should produce com- 
plete precipitation ot the gold We haae found that more information mav 
be gained from this test if the amounts of sodium chloride solution added 
are so chosen as to bring out partial precipitation of the gold It has been 
found that the aboa e tests supplemented bar the addition of a third tube m 
arhich 1 c c of the sodium chloride solution is mixed avith 5 e e of the gold 
proaes more useful as a prelimmarr mdication of the sensitiveness of the 
gold A gold sol of the proper sensitiveness avill produce a reading in this 
tube of not gi eater than “2” after one hour at room temperature The at- 
tempt to use this reaction m detenmmng the amoimt of aeid or alkab to be 
added to a gold sol for the proper adjustment of its sensitiveness has not met 
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■\vitli success, chiefly because the i espouse to pieeipitation uith this amount 
of sodium chloride is not delicate enough aftei the additions of giadiiated 
mciements of lery dilute acid oi alkali thioughout a senes ot tubes to bung 
out coloi ehanges piopoitionate to the amounts of acid oi rilkali added to the 
gold in the vaiious tubes 

Considerable CNpeiieiice with the method of adjusting the sensitii eiiess 
of the gold sols bj means of the adiustment ot the hjdiogenion leactioii 
demonstrated to us that theie uas anothci tactoi aside tiom the leaction 
wliieh influenced the i espouse of the gold to pieeipitation in the spinal fluid 
test 111 the prepaiation of the colloidal gold A\e ha^e used the following 
teehnic 10 e c of a 1 pei cent gold ehloiide solution (Meiclc’s Blue Laliel 
gold chloiide m double distilled uatcr) is added to 1000 c c of double dis 
tilled watei nhich has pist leaehed a tcnipeiatnie of 60° C The heating is 
done 01 ei a Bunsen biiinei nitli the watei in a 2-litci Eileiinieiei flask sup 
ported on a tiipod eoieied y ith a uirc gaiire Inimediateh aftei the addition 
of the gold chloiide solution, 7 cc of a 2 pei cent potassium carbonate solu- 
tion IS added and the heating continued until the tenipeiatiue reaches 90° C 
The flask is lemovcd and placed on a towel folded so that seieial thielmesses 
permit handling witli adequate inotection fiom tlie heat Foinialdchyde, 1 per 
cent solution, is now added w hilc the flask is being shaken thoioughh Small 
additions aie thus made until the appearance of a slight pink tinge appeals 
throughout the liquid Usiialh about 10 c c ot the foimaldeln tie solution 
are lequired The shaking is now stopped and the icaction goes on lapidh 
to completion This method has Melded satisfacton cleai led gold sols with 
a high degiee of consistenci Pailuies occin occasionalli but these can usii 
ally be traced to some laiiation fiom the standaid teehnic, at times eien to 
such a small consideration as the fitting of a new cork stoppei to some pait of 
the glass apparatus used in the piepaiation of the distilled watei Usable 
golds must have little oi no tiiibiditi when Mewed In leflected sunlight in 
thick layeis The amount ot tins tmbiditi though slight caries with the dif- 
ferent lots of gold sol prepaied fiom time to time The appeal ance of this 
turbidity on reflected light is an expiession of the amount of lelatneh laige 
particles of gold in the sol When the amount of lai ge pai tides is sufficient 
to give a slight violet tinge to the sol when ciewed bv tiansinitted light the 
sol IS unfit for use 

Given two usable gold sols of like Ph eoncentiation but diffeiing slightlj' 
m the amount of this tuibidity bj* leflected light it will be found that the one 
showing the moie tuibidity will be the moie sensitne when used in the test 
with spinal fluid This then has been found to constitute a second factoi in 
the standardization of gold sols It may be expiessed biiefly as follows the 
sensitiveness of a gold sol in the reaction with spinal fluid canes diiectly cvith 
the size of the colloidal particles, cvheii the Ph is constant It follows, since 
acid leactions tend to ineiease the sensiticmness, and alkaline ones to decrease 
the sensitic eness, that the Ph concentrations which must be used to adjust 
gold sols differing slightly in tuibidities to a standaid sensitiveness cvill vary 
someevhat Veij^ cleai gold sols when adjusted to this standard cvill shoev 
Ph leadings of fiom 6 0 to 6 4, while the veiy slightly turbid ones when ad- 
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jusUnl to tins st uidard will vhow ic.ulm^N of from I’n (i ') to Gh Tin sc two 
fmtoi-s ilic v,i 7 c of tin lolloidal |)utul«s niul the I’n i out i nti.ition of flu 
jioUl Mils arc invtiiaiabU aiul imivt he toiivulciccl of the "leatist junuutaiiM, 
foi on thnn depeiuls the si nsitneiu >«s of tlu «roli1 (. i tiu KshanU"’ and otlui 
iinoNti!' itoiN hire imintid out that and sols are too scnsitne and alKainu 
ones are in''en''itne (dn ohsei rations hare deinoiistiated that sliphtlr tm- 
hid }:old voK leqnne jirenter amounts of alkali and Intrhci P,i rallies than do 
rerr elc ir trolds I'leianse ol this rariation of the I’h mines rrilii the si7c of 
the pirtulc'. a method of adnistmenf of the icaclion on the stien^th of a test 
dependiiiir onlr on the hrdropen-ion leaction is nnsatisfactoir ]5oth factors 
must he consideied, and can best he takni into account hr the method to he 
presented herein 

Pierriiif/ iSpiiKi / 1 luti! os a SfamlaxI — In the method described 

in this papei a preserred spinal fluid is essential In the coui'sc of a large 
e\peneiu( with the colloidal gold test it oeeiiricd to us, that the most cer- 
tain method of Inking into t onsuleiatiou all the faitors concerned m stand- 
aidi7ing the sensitireness of difierent gold sols in this test, had as its basis 
the diseoroir of a means to maintain lOiistancr in the reacting strength of a 
gireii spinal fluid orei a jieiiod of time 11 this could be accomplished each 
new gold sol could be used in an actual test against such a spinal fluid, and 
br piopei additions of acid or alkali diftereiit gold sols could be adinsted to 
gire the dcsiied reaction rritli tins spinal fluid This rvould mean that difier- 
eiit samples could be made to leact in a standard manner with tins one spinal 
fluid It rras soon Icained that gold sols adtusted to a constant reaction rritb 
a giren positirc spinal fluid of the "paretic frpe” could be depended upon to 
• eact in a constant maiinci with normal spinal fluids and rritli the different 
tvpos of abnoimal fluids found in the routine application of the test 

Vaiious methods of pieseiring spinal fluids rvere tiicd in an attempt to 
find a means of maintaining a constant reacting ralue of a given fluid orer a 
consideiable length of time It rras found that the addition of ghceiin m 
50 pel cent concentiation oftered the best possibilities in this regard Spinal 
fluids showing trpical ‘‘paretic type” icaetions rrcre selected fiom week to 
week orei a peiiod of a rcai To each was added an equal rolume of glreerin 
Aftei thoiough miNiiig the glrcei mated specimens rreie stoied in the refng- 
eiatoi Records weie kept of the original reactions m the colloidal gold test, 
and fiom time to time the test rras lepeated Of 48 specimens on rvhicli suf- 
ficient data hare been lecoided the results hare been as follorrs all gare the 

Tvble I 


'Showing IIinnep in rruKH PRrsErvED S'‘rs\i, Fluids Eespond in the roLLoiD\L Gold 

Test Ovep r Pepiod 


‘'Piml fluid I, 1/2S/2J 5555554321 

3 /13/25 5555554321 

4/27 /25 5555554321 

5/12/25 3445554321 


Spinal fluid n, 3/13/25„i:5555432i00 

4/27/25 5555432100 

5/12/25 5555432100 

C/16/25 4555432000 


‘^piinl fluid III, 4/27/25 _..5555534321 
3/12/25 _ _5555554321 
O/lC/25 5555554321 

7/17/25 ---3344554320 


Spinal fluid 11', 4/27/25 
5/12/25 
6/16/25 

7/17/2 5 


.5555543210 

.5555543210 

5555543210 

.4455543211 
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oiigiiial readings aftei foin neeks, 47 after five ivecks, 44 after six iveeks, 
38 after seven veeks, 35 aftei eight weeks, 31 altei nine weeks, 22 aftei ten 
weeks, 8 aftei ele^en veeks, and none aftei tv elve weeks 

It will he noted that when deteiioiation begins it is evidenced'by changes 
in the leactions with the lovei dilutions of the fluids Tins has been a con- 
stant finding in all of oiii pieseivcd spinal fluids vielding initial leactions of 
the “paietic t>pe ” Paitial instead ot complete piecipitation in the lowei 
dilutions uiaiks the beginning of dctciioiation ot the pieseiied specimens 
Moie inipoitant is the fact that the highci dilutions in vliich oiignially pai- 
tial piecipitation occuiied (“4” and “3” leadings), continue to gne then 
initial readings eieii aftei the altei ed leadings appeal in the lov ei dilutions 
These dilutions shoving the initial paitial jnecipitation aie the dilutions of 
choice in adpisting diffeient gold sols to a constant icaction, so that as above 
indicated, a pieseiied spinal fluid niav continue to be of use foi puiposes of 
standaidizing gold sols, even aftei it begins to shoiv altei ed leaetions in the 
lowei dilutions Then use foi this pm pose aftei the initial leading no longei 
appeals is not lecommeuded 

The Choice of a Spinal Fhiiil jot TJtc a<i a Siamlaid — Giien a method of 
pieseiving a constant leaeting -value of a spinal fluid ovei a time sufficiently 
long to make its use as a standaid. piactical, an important consideiation 
aiises in legard to the choice of the spinal fluid to be used as the standard 
We wish to make it cleai at the stait that such choice must in a sense be 
empirical since a lunfoim leactnig stiength in the colloidal gold leaction is 
not a piopeity of paietic spinal fluids It is tiue, howeiei, that the leacting 
stiengths of paietic spinal fluids aie moie constant than that of abnoimal 
sjnnal fluids fiom anv otliei clinical conditions At most the laiiations in the 
numbei ot dilutions giving complete piecipitation laiv not more than two 
tubes on one side oi the other of a hvpothetical standaid which yields com- 
plete pieeipitations m the fiist foiii dilutions (1 10, 1 20, 1 40, 1 80), and the 
usual laiiation is not more than one tube dilution o-vei oi undei these dilu- 
tions When one couples these eonsideiations vith that furthei consideration 
that the zone of sensitiveness of a gold sol foi piactical results in this test is 
confined within uaiiov'^ limits, an empirical choice of the paietic spinal fluid 
to be used as a standaid is made easiei and without a gieat chance foi vaiia- 
tions betiveen standaids chosen bj dilteient expeiimental v oikei’s 

Of gi eater iinpoitanee than the mattei of the choice of a paietic spinal 
fluid are the pioperties of the sample of gold chosen as the normally leacting 
gold to be used in obtaining a leaetioii Avitli the pieseived spinal fluid Oiii 
aim has been to make the loutine colloidal gold tests as sensitive as possible 
by choosing a degree of sensitiA eness foi the gold just short of that Avhicli 
vmuld give slight precipitation in the middle zone of the dilutions in the lou- 
tine test with noimal blood-fiee spinal fluids AiiiAal at such a standard can 
be made onlj aftei extensue tiial with noinial spinal fluids in the regulai 
mannei of testing Pieliminaiy to such tiials with noimal spinal fluids the 
gold sol should be shown to ha\e the folloiving propeities It should be clear 
led and show no coloi change uiion the addition to 5 e c of the gold sol of 
0 4 e c of a 1 pel cent sodium chloride solution The addition of 1 7 c e of a 
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J pel (ont Midiuiu (liloiidf volidiou to « i «f tin pold sol slionld < uisn min 
picte preeipitiition upon stniidnifr o\t initrhl Tin .niilition of 1 p t. ni ,i 1 pei 
pent solutnni of sodium ildmidp to "i c i ol flip "old sol should ])iodiuP iiiioii 
St iiidiii" o\t'iuit:lil 1 ( oloi (li.ui"p idjiidtred to In inidu.n hetwioii n “1” 
and a “J reidiiifr \\ itli spiini fluid fioin a Known p.intic, the "old sol 
should !J:i\e a piietu t\pp tui\e Tiio salisliielon oiitponip of these pieliini 
nan (tsis will niduate lint fJie satiiple is suitahie for application in the tests 
'Sith a spins of iioimal Idond fieo spinal fluids which will defciiniiic \ci\ 
defiiiitch the desnod dc'^ipe of spusiticenoss Fiftciii or fwoiitc such s.ini- 
ples of spinal fluid will sutlut Dicido fin* saitiidp of pold sol into flu pc por- 
tions cicli oi whiih should In of siiflu ii n1 hulk to do a set of tests with the 
chosen iiiiiiihcr of simples in the iP"nl,ii in iiniPi hirst, the nmltPied sam- 
ple IS used with ill of the iip"ati\p spiinl fluids If upon standing occniight 
no middle rone piet ipifatmii oenirs the gold sol mac he either of the proper 
seiisitneiicss oi it mac he slighth instiisitne In this case the two icmani- 
iiig portions of the gold sol in used iftei addition to the one of 0 1 c c of 
X/5 IICl pei lilei and to the otlni of 02 cc of X i IK'l pel litei Routine 
tests with the chosen samplis of nenifice sjnnal fluid aic again set up ccitli 
the sample of gold sol containing 0 1 i t pet lilei of \ 5 JJ( 1 Should middle 
rone prccipitition nppeir it iinlnafis fh.it the unaltered gold sol is of the 
propel dogioe of scnsitici ness should none .ippear (he tests arc made with 
the samjile of gold sol to wlmli 0 2 c e of X 3 IICl ccas added Tiie degree of 
sensiticeness which is lepiesonted he that pist ahocc wiieic (lie fust consistent 
middle zone piocipitatimi .ijipeais in smh tests is the one desired 

If the first seiKs of tests with tlie nnalfeied gold sol should show middle 
zone precipitation tin n tin s.une picxednies iie emploccd using X'/5 X'aOH 
instead of the IICl 

The degree of seiisiticcmss which we emploc then mac he defined as that 
cvlneh is remoced hv not moie than 0 1 cc of X/5 XaOH per litei from the 
sensiticeness which gices paitial mul zone piccipitation ccith normal spinal 
fluids This gices a ceiv definite detcimmation of the sensiticeness ot the 
gold sol to be used in obtaining leadings ccith the paietic spinal fluid to be 
used as standaid, but it is obcioush cumbersome and applicable onlc* in labo- 
ratories crbeie abundant clinical matcnal is acailable for study "We bare 
moie leeentlv been able to define the degree of sensitiveness m terms more 
definite be means of a standard solution of globulin (see nevt paper) Once 
tins determination is made, and a leading obtained be- the use of the gold sol 
entb a paietic spinal fluid, such leading will enable one to adjust were- simplv 
subsequentlc' pieparecl samples of colloidal gold to it Bv the choice and 
preserc ation of positic e spinal fluids from time to time the standard mar be 
maintained mdefinitelv according to the plan outlined belocr 

NEW llETHOD FOR THE ADJESTCtEXT OF GOED SOLS 

»S'o?i(fioiis icquued 

1 Sodium cbloiide solution, 0 4 pei cent 

2 He drochloi ic aeid, X/5 and X/1000 

3 Sodium bc-droxide, X '5 and X/1000 
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4 Piescived spinal fliiid Tins spinal fluul is piest!i\ecl bj the addi 
tion of an equal lolmne of •'hcciin i\s slioiin above spinal flu 
ids pieseiAed in this maiinci im11 Aield constant leadings over a 
peiiod of seveial months It is the piactice in this laboratoiy to 
use no staiidaid piesciied spinal fluids inoie than a month old 
Tecliwc of ihc Method — Tlic gold sol is piepaied and should be allowed 
to stand for at least two houis before attempting to standaidirc its sensitive- 
ness The presell ed spinal fluid gning initialh a positive paietie type cuiie 
IS then made up in the dilution at nhich the fiist iiaitial piecipitation of the 
gold, that IS a “4” leadmg, is kiiovn to occiii This dilution is made in 0 4 
liei cent sodium chloiide solution One c c of the diluted spinal fluid is plaeed 
in a test tube and 5 c c of the gold sol is added A “4” leaduig should lesiilt 
if the gold sol IS of the piojiei sensitii eness The leading is made after the 
tube has been aliened to stand foi eighteen houis If this leading does not 
coriespond to the desiicd “4” leaetion the laiiation may oceui on eithei side 
of that desued If the gold sol is too sensitiie complete precipitation mil 
lesult, 1 e a “5” leading If the gold sol is not sensitne enough, less than a 
“4’' leading will appeal Should the gold sol appeal too sensitive, alkali 
must be added, if not sensitiie enough acid must be used in the adjustment 
The following uould lepiesent the titiation scheme in case the gold sol ap 
peais insensitne 


TUBE \0 

1 

o 

3 

•1 

S ’ 

6 

7 

s 

0 

10 

11 " 

x/iooo nci 

0 

oot 

0 1 

0 1') 

02 

0 23 

0 3 

0 33 

04 

0 45 

0 5 

Gold sol 

' 

1 

*) 

5 

3 

3 

3 

3 

5 

5 

5 

Sp fld 1 (1 320) 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Bendings 

0 

3 

3 

■1 

4 



■) 

5 

5 

5 


In this instance it is noted that the paitial leaction desiied (the “4” 
leading) occurs fiist when 0 15 c c of M/1000 HCl is added to 5 c c of the gold 
sol Fiom this a simple calculation serves to show that 0 15 c c of N/5 HCl 
is lequiied per litei for the propei adjustment of the gold sol 

If the gold sol had appealed too sensitive, a similai titiation substituting 
M/1000 MaOH foi the HCl would liaie been used This leading maj^ be made 
after eighteen hours at lOom tempeiatuie 

Aftei the main sample of the gold sol has been adjusted by adding the 
calculated amount of M/5 HCl oi NaOH, a 5 c c sample is tested with 1 c c of 
the diluted spinal fluid standaid A “4” leading sliould lesult, and the gold 
sol IS ready foi use in the routine tests 

These loiitme tests are conti oiled by setting up the legiilai test with the 
pieseiied spinal fluid as a positiie conti ol In using this it must be lemeni- 
bered that 04 cc of the glyceiinatecl sample and 16 ec of 0 4 pei cent 
sodium ehloiide solution aie placed in the fiist tnbe instead of the usual 0 2 
c c of spinal fluid and 18 cc of the saline since the pieseiied spinal fluid 
has alieadj' been diluted mth au equal pait of glieenn 

Advaniarjes of the Method and Piactical Results — This method foi adjust- 
ing the leaction of gold sols is far more aceuiate than am lieietofoie sug- 
gested The ease mth iihieli the calculations are made adds aecuiacy and 
simplicity The time consumed in pertoiming the test is eomparatnely shoit 
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for it 111'' boon oui oxpiiK'im' tint llu (ii'^t two titiatioiis ii'^n.ilh siiflic « if 
the iii''triu flints toi pnpiiiiifr tin mo followMl ('onsiV|noiifK , flu* third 

titritinn In loiiu's iioussm onh in spot nl < isi s Tin iiiotliod has boon in 
uso 111 tins 1 ibi!Uitoi\ ilunn;: tin list li\t \i iis m jn opariii;' the t-'nlil sols foi 
o\oi OnO tests uni h!isin\ei biibil to Mild sitisfntnn ii suits 

t>ls{ 1 S'.ius 

The absohiti iiotis>,it\ of standard frold sols in ad;)ndfriii" the results of 
trealnunt m i n i bros]iiii il s\philis is self oMdnit fho huk of dependable 
methods for the sdpistmnit of the iiaitions of tlu tndd sol and the absence 
of nnifonin(\ in the im tlmds m iisi ni iKi it bill u ions to (onip.sre colloidal 
trold tests jnifoinnd in difiiiiiit 1 iboi itoins One c in haidlr "et the cor- 
rect idea of the fmts tliiin ilh fioni sin h miiiji irisoiis Xoi nn a true idea 
of the results of ireatnnnt in tin 1 1 n hiosjnii il ssphilis he obtained c\en if 
all the tests luiforimd on a putnnlai patient m earned out m the same 
laboialon bee iiise of tin in ibilit\ of pioMOus tests to idjtist gold sols so 
til, it tlie\ will be I oust inth nnifonn 

We belies e that the inefliod In mn disci died will coriect these conditions 
and will assist the ilinuini to adjiidgi properh tests performed in different 
laboratnins iml on tin s ime jiatient to show the piogiess of the treatment 

-•t MM \r\ 

Colloidal gold leRtnnis oi tin parttn. and the tabetic tape maj be re- 
g<ardpd as of diignostu \ iliie while the niennigitic leactions arc less reliable 

Reactions of the ti 1 1 in ospinal fluid with colloidal gold appear to be due 
in part to the presence of albiniun sufficient m qiiantita to paitially obscure 
the precipitating effect of globulin and in pait to a specific alteiation in the 
pliasital state of the globulin winch is associated with a positiae electrical 
eliai ge 

^letliods of adiusting gold sols alone dependent of the Pj, aalue of the 
gold are not satisfactory 

A preseiaed standard spinal fluid is essential 

A satisfacton method foi adnisting the sensitiaeness of gold sols must 
take into account the fact that the si nsitia cness of gold sols depends on taao 
factoi-s, fiist, the size of the colloidal paidieles and second the Ph value of 
the gold sol 

Tuibid gold sols leqnne gi eater amounts of alkali and higher P„ aalues 
than do cleat golds 

The method herein desciibed is accurate, simple, non-time consumino' 
and giaes uniform lesults Consecpientla*, it makes possible the proper aik 
Dudgmg of tests done m aanous laboi atones and on tlie same patient at dif- 
ferent times 

Addeiidum —Glassware should be left oaemight m cleaning solution (sul- 
phuric acid and potassium dicliromate) and then rinsed three times m ta 
water and three times m distilled arater Clean glassavare is essential Gold 
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sol contains one pail gold m 10,000 pails ol distilled M.itei so that a minute 
tiace ot acid attains a liigli lalne iilien coiiipaiod in inolecnlai magnitude to 
the gold 
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rnii\ni(t’m\ l’\ 

' I 'IIE motliod of idiii'itni!' lollouhil sols j)itMoiisI\ rU s( i ihod? js (juitt 
^ “^atisfacton' ^^IlPro ‘.pnial Hinds of pirotns jua\ be obtained fiom time to 
lime Since these nii not leidilc .n.iilibb in l.iboi.itnries of sin dl bospit ils 
or in public bialtb and bioloon liboiatones we undertook the piepaiation 
cf a standard solution of "lobulin to be iisi d instead of sin !i s|>iual fluids A 
good grade of globulin a\ailibb coninu ici ilh was found to sii\e this pui- 
pose adinirabh J and the stock solutions of it ]iMi).iiid as desiiiiud In low 
lla^e been found to gi\e identic d icsults osii pciiods ot tioin fi\( to si\ 
months The dilTcient samiiks of this pioduct jniichascd liom time to tune 
liaie been found to be cen consistent in imiipil iting (cdloidal gold sols so 
that the following in i\ Ik lecomiiK iidcd as <i stand.iid sjrik solution to be 
used in idiiistiiig tin si nsitn i in ss of gold sols 

rriri’ci’CTioN oi- tiii "TwiiMn stoi k son tios 

A 1 400 solution of cdestin in 10 pci cent sodium chloiulc is piepated bi 
dissohing 0 25 gram of cdcstin m 100 c c of 10 per cent sodium chloride solu- 
tion After standing about two hours with occasional stnung, the solution 
IS filteied and the \ohinie adiusted to 100 c c This stock solution is piesencd 
in the ice box fb to s ( ) and gic cs consisti nt leadings mei a penod of from 
file to SIX months In oidei to Uacc a maigin of safety the stock solution 
should be prepai cd eici\ tbicc months Foi nsi this solution is diluted 1 25 
with distilled water, nekling a 1 10 000 solution of edestin in 0 4 pei cent 
sodium chloiidc It is essential to piepaie the latti i ficslih befoie each 
titration 


METHOD OF TESTING THE SEN-SITH LN E'S Ot THE GOLD SOL 


To each of a senes of six test tubes coutainuig the following amounts of 
1 10,000 edestin solution 0 — 0 Ice — 0 2 c c — 0 3 c c — 0 4 e c — 0 5 c c is 
added 5 c c of the colloidal gold sol to be tested Aftei standing oceinKdit 
(about eighteen hi ) leadings are made as m the test with spinal fluid li 
the gold sol IS sati&faetoij the tube containing 03 c c of diluted edestin solu- 
tion will jiekl a ‘4 ’ leading and the control tube (without edestin) a “0” 
reading The usual leadings foi the seius would he 


•From the Each rioloeieai Laborato - ol thr PiiilatlelphH General Hospital 
PeceHed tor publication Jul' 1 1931 

tKrchller •William \ and Small Jamts C W( thoU of the Stan 
Cold Sols in the Lanst T.st 17 259 1931 fzation 

tCdestIn H P used in this work was that of thf Pfanstithl Chfmical Co 
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TUBE NO 

1 

0 

3 

i 


C 

Edeshn (1 10,000) 

0 

0 1 c c 

0 2 c c 

0 3 c c 

0 4 c c 

0 5 c c 

Colloidal gold (c c ) 

5 

5 

5 

0 

S 

5 

Typical Eeading 

0 

1 

0 

4 

*) 

I 


If tube No 4 gnes less than a “4” leading and precipitation in tubes 
No 5 and No 6 is not complete, tlie gold is not sufficieiilly sensitive and acid 
must be added If tube No 4 gives a “5” icadmg, the gold sol is too sensi- 
tive and alkali must be added In oidci to determine the piopei amount of 
acid (or alkali) lequiied foi adjustment a tifiation is set up as follous 


METHOD OP STANDARDIZING GOLD SOLS n\ TITRA’IION WITH ACID IN THE PRESENCE 

or STANDARD LDESTIN SOLUTION 


TUBE NO 

1 

0 

3 

4 

5 

N /1000 HCl (ec) 

01 

0 J 

03 

04 

Oo 

Colloidal Gold (e c ) 

J 

3 

*) 

5 

S 

Edestin (1 10,000) (cc) 

03 

0 3 

03 

03 

03 

Typical Reading 


4 

4 

5 

5 


Aftei standing eighteen lioiiis, the reactions aie obsened and the tube 
containing the smallest amount of acid Molding a “4” leading indicates the 
conection to be made Foi example, it the leadings on the aboAC tubes aie 
-3 -4 —4 -5 -5 then the adiustment neccssai v foi 5 c c of gold sol is 0 2 c c 
of N/1000 HCl, 01 0 2 c c of N/5 HCl must be added to 1000 c c of gold sol 
to adjust the leaction coiiectlv 

If the gold sol is too seiisitn e, a siniilai titiatioii, but using N/1000 NaOH 
instead of N/1000 HCl is caiued out Piom the aiiiouiit of N/1000 acid oi 
alkali found necessaiv bv these titiations to coiiect the 5 c c of gold sol used, 
a simple calculation detei mines the amount of N/5 acid oi alkali leqiured 
foi the adjustment of the bulk of the solution The Amlunie of N/1000 acid 
01 alkali necessarv to coiiect 5 c c of gold sol is the same as the lolume of 
N/5 acid 01 alkali necessaiy to adjust the leaction of 1000 ce of gold sol 
coiiectly 

Note In raie cases, it maj be necessaiy to extend the titiation senes to 
nioie than five tubes, nici easing the amounts of N/1000 acid oi alkali by 
0 1 c c in successive tubes 

It is the piaetice in this laboiatoiy to set up the tliiee titiations at the 
same time If the gold is incoiiect, the amount of leagent necessaiv for ad- 
iustment may be deteimiued ivithout fuithei delaj Foi the past jeai ive 
ha\e been using this method of piepanng the gold sols used in moie than 
3600 routine tests of spinal fluids Each lot of colloidal gold ivas also checked 
with the spmal fluid method to 11111011 lefeience has been made ' Results have 
cheeked consistently, hence, i\e piesent the edestni method foi adjusting 
gold sols as possessing all the accuiacy of the spinal fluid method and empha- 
size tlie additional adiantage of its being moie piactieal in sinallei labora- 
tories wheie positive spinal fluids are obtained vitli difficulty 
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< 0N< W ''IONS 

A st md.nd ''oliition id idi'stm uimli ptccipitntrs colloidal pold in a 
iii.iinu’r siinil.ii to tli.il of spinal fluids fioiii pandits is disci ibod 

A nictlind of cinpliuiiic tins standaid soliidon in aihiistiiijr flic dineicnt 
lots of colloidal jrold so that flu\ cnIiiIhI a nnifoiin doon c of si nsifnoncss in 
flic colloid il fTold real lion uifli spin.il fluids is dcstiihcd 

This method has In cn in use foi nioic thin a \tai (1111111" uhich tipuard 
of SliOO tests non nude iiul it Ins heen found to he acciiratc and practical 



THE USE OP HYDROGEN PEROXIDE IN THE jMICRO KJELDAHL 

NITROGEN METHOD" 


By Victor C j\I\ers, Cecteland, Ohio 


I N 1914 I^ clesciibed a slight modification of the Polin-Faimer^ micro 
Kjeldahl nitiogeii method foi mine which pcimitted diieet nesslerization 
After this method had been in nse a short time, it became apparent that the 
piocedmo could be matciiallv shortened if some OYidizing agent could be 
added to the sulphuric acid to hasten the final oxidation A numbei of re 
agents were tiled, but Indiogen pei oxide seemed to be the best suited for the 
puipose At that time (1915) Merck’s peih\drol uas used in somewhat 
diluted form, since it was found that a diop of the 30 pei cent solution was 
consideiably moie than adequate for the inn pose The suggestion of the use 
of the hydrogen pei oxide came from Di A R Rose, who nas a member of 
the staff of the Post-Giaduate biochemical laboiatoiw at the time The use 
of hj^diogen peroxide in the estimation of the nonpiotein nitrogen of the 
blood was described in this Journal in April, 1920,- and its nse in both the 
nonpiotein nitrogen of the blood and the total nitrogen of the mine in the 
first edition of Piacfical Chemical Analyvs of Blood in 1021 “ In a papei which 
Dr Rose^ published on the micro Kicldahl method in 1925 he stated that hy- 
drogen peroxide was used in Myers’ laboratory befoie it was mentioned in 
the liter atm e, but did not credit himself rrith this suggestion Credit for the 
first use of hjdiogeii pei oxide in the micio Kicldahl method is due to Dr 
Rose 

Although perchloric acid is a more active oxidizing agent, it appeals to 
be inferior to hydrogen pei oxide when the nitrogen is deteruiined bj nesslei- 
ization, apparently for the reason that there is greater formation of amines 
with the perchloiic acid Although aniines titiate the same as ammonia they 
do not give the full coloi derelopnrent of ammonia with Nesslei ’s solution 
The reason for calling attention to the matter now is that credit is being 
gnen to Koch and McLIeekiu^ for tlie use of hydrogen peroxide nr the niicio 
Kjeldahl method In September, 1924 they publislied a papei on a new direct 
nesslerization micro Kjeldahl method and a modification of the Nesslei -Poliii 
reagent for ammonia, being apparently unaware of pierioiis publications on 
the subject It is true that they adroeated direct nesslerization of then blood 
filtrates, whereas we only desciibed this for urine but the hydrogen pei oxide 
was used for the same purpose as employed by us It might also be noted 
that tbeir Nesslei -Polin reagent is essentially the same and is prepared nr 
essentially the same yaj as the Nesslei solution (Benedict formula)! given nr 

•From the Depirtment of Biochemlstrj School of Medicine Wcstein Reseme UnlveisRl 
Received for publication Julj 2 1931 

, formula was supplied us b> Dr S R Benedict some months prior to the publication 

of Folln and Denis In 1910 In which the composition of Messiers solution uas discussed 
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THE QUANTITATIVE DETEEMINATION OP CHOLESTEROL IN THE 

BILE" 


Bv Robert Eljian, il D , A^^D J B Taessig, JI D , St Louis, j\Io 


A lthough cholesterol dcteiramations m the blood ha^e been the subiect 
^ of much stud-^ and lia^e non become a moic oi less routine examination 
in many laboratoiiCb, its measmement in the bile has escaped ^eiy extensne 
investigation As a lesult v\e encounteied difficulties in oui early attempts 
to find a satisfactory pioceduie Piom the vaiious methods deseiibcd in the 
liteiatme as well as tiom the excellent advice of Di Michael Somogyi v\e 
have selected a simple, economical and, we believe, aceuiate pioceduie which 
has been used in a series ot expeiimeiits on the cholesteiol function of the gall 
bladdei ^ 

previous work 

Excellent discussions of pi ev ions methods can be found in the papers of 
McMastei- and Meikelbach'’ In geneial two pioceduies have been used 
The digitonin (giaviinotuc, Wiudaus) method of dcteimiiiing cholesteiol 
while peihaps the most aceuiate, was at once discaided as too complicated and 
expensive foi oiu use Its advantage ovei the simplei colorimetiic (Auten- 
iieth-Funk) metliod, moieovei, has been investigated b}* iiiaiij' woikers® and, 
foi oui puiposes was insufficient to lecommend it A small senes of parallel 
determinations moieovei, between the digitoniu and the piesent method 
show^ed close agieenieut, as is evident fiom the lesults desciibed below 

The special pioblem relating to bile concerns that of extinction in oidei 
to obtain a cliloiofonn solution of the cholesterol present, fiee fiom the con- 
taminating coloi of the bile pigments Elaboiate inoceduies such as used liv 
Dovon and Dufouit'' weie found unsuitable foi loutine use In the most re- 
cent studv^ of cholesteiol in bile by McMastei - large amounts of ethjd ether 
weie used, 350 ec foi each determination In oui eailv woik we used this 
method and found we weie apt to get a vellowish tinge in the extract, which 
we assumed was due to some dissolved biliiubiu If we diied our sample of 
bile on filtei papei" and exti acted with etlij'l ethei in a Soxhlet this jmllow 
color was ev'en moie maiked The use of large amounts of ethei, moieov'ei, 
was expensive and gave no bettei lesults than the method we finally adopted 
Powweathei and CollinsoiP used chloiofoim diiectlv aftei adding sodium 
hvdi oxide to “fix” the bile pigments We found that this still allowed too 
much of the bile pigment to come tbiongh which interfeied with the final 
color leaction IMeikelbach^ extracted an alcoholic bile mixture with ethei 
m a separator}’ funnel In oui hands sepaiation with ethvl ethei was always 
difficult and often impossible viliieh led to oui use of peti oleum ethei which 
gave no fuithei trouble 

*Fiom the Department of Surcerj W'^ashlngton Uni\er'!itt School of Medicine and Barnes 
Hospital 

Recehed for publication Julj 10 1931 
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MI TIIOI* 

Till' I'fTiNl of \.nions (oiulituniN on tin* toloi HMdioti u.is fust in\esti}.Mt(fl 
in ,1 fi'M jin’liinin.irv oNpi rmu ills In snuhinfr fin- < t»lor pindiupfi In a stand 
.ml (Idornfoiin solution of < Iiolostorol <*nii<'d tliioiifrii tlu standard pioto- 
diiro as d« s( riln d holoM It n.is itnnp.irod mtli .in iiioi^ntiik. standard pio 
puod 1»\ niiMii" It) por ton! ( n'^O, .ind 1 pi i lont K,(’r,0. solutions so as to 
irno in .ipjiropn ito iriii'n lolor" 

l-oi routino dolcrinin itions .1 stand.itd < liolosti'rol solution nas pro 
pared 1)\ ilissoiMn" tlio MoiiK .ind ( onip iin piep.ir.itioii in diloroform so 
that 1(1 of It i out lined 1 "» in^r WIkiiomm possiiilo siinicient Ink Mas 
taken to Meld ihoiit is niin li iliolostiiol ,is this so that tin nnknoMu Mould 
iiiateh as 1 losi h is possihli Mitiitin st.indiid Oidiiniiih ~)ti. of bile Mas 
taken and 20 ( i of ! pei tent K<HI (in '•'» pei leiit itli\I .ihoiio!) added and 
heated on a M.itei-bath lor fifteen to tliiit\ niinntis in a 100 ct Jarleninee ei 
flask, cooled and e\li.ait(d tMite (oi 1 times tin' iisiilt Mas the same) Mith 
petrolonm ether (maMiiinm 15 1* .sO f ) in i separ.itor\ funnel This ex- 
traction Mas quite e.is\ In ease siparation did not occur prninpth a fcM 
drops of etlnl alcohol moio .idded mIikIi Iom red the Imo solutions at once 

The petroleum other extratt Mas then eaapoiated and the residue taken 
up in chloroform In npeatod extinctions totaling- not o\ei 7 cc and gath- 
ered in a 10 cc columetne flask Pine .icetic anlndiide (2 cc) and con- 
centrated H-SO^ (01 c ( ) Meie tlien added shaken and made up to the mark 
avith chloiofonii A simiiai protidiiie Mas earned out simultaneoush in 
anothci flask iMtli 1 ( ( of tin* staiidaid tniadi up also to about 7 cc Mith 
chloroform) Ordinal ih onh 2 01 I biles mcic examined at one tune Mith 
one standard The conditions of light time and tcmpeiatiiie Meie the same 
for the standard as moU as the unknoMiis and comparisons in a colonmeter 
Mere made Mithin flee to fifteen minutes 01 as soon as a good green had 
dec eloped 

We compared the results of this method Mith that obtained (1) fiom the 
direct feoxhlet extraction of bile dried on filter paper, and (2) from the digitonin 
method as described be Oker ' These latter determinations vrere kindlv per- 
formed bv D I Koovman, for M-hich grateful acknoM-ledgment is made 

RESULTS 

Earh m our Mork ire noted the influence of certain factois on the de- 
velopment of the green color factors irhich haie been mentioned bj- prenous 
M-orkers To eialuate them accuratelv irould have led ns too far afield A 
numbei of observations were made, however, which mav be briefly described 
as folloM s 

Tune — Tlie time factoi is shoim in the accompaniing curves (Pig 1) ft 
IS obiious that the raaxinium color develops rapidly lasts for five to fifteen 
minutes, and then graduallv fades ofi: Hence we made readings within this 
time The two curves also show that the reaction is faster and more pro- 
longed in davlight than in artificial light The quabty of the color was also 
different as mil be mentioned below Ordmanly m bright davlight the hue 
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becomes giev altei tbut-s oi loit\ minutes, uheieas ui artificial light or dark- 
ness it becomes jelloiMsIi instead, and aftei a feu lionis a pine yellou oi 
bi on n 

Tempo atm c — We noted that the higbei the tempeiatmc the moie lapid 
the reaction but the moie gieen the qiialit} of the coloi, unless the light were 
intense If one adds the leagents while the flask is immeised in lee water, the 
coloi will seaieely develop at all If one then places it at loom tempeiature 
it comes on wothin fifteen minutes but is almost a iiure blue w itli little yellow 
By inci easing the tempeiatuie tlie blue changes moie and more toward gieen 
If one caiiies out the coloi leaction in the dark w’lth heated reagents the 
gieen becomes almost lellow, e\en if the time inteiial is tlie same 

Light — Daibght was found to pioduce a moie intense coloi than aitificial 
light 01 darkness as is shown in the evpeiiments ie]nesented in Table I and the 
curves in Fig 1 The qualitr of the coloi is more blue with daj light and more 
green with artificial light Indeed, as menlioned aboic, bj developing the 



Fig 1 — Cunes of colorimeter i endings of pure cholesterol follo^\lng standaid procedure 
showing (1) the changes in Intensity r%ith time and (2) that dn^ light causes a more intense 
and piolonged color than artificial light 

color with heated leagents in tlie dark, one can obtain an almost jiuie jellov 
color Sunlight was found to develop a rapid blue color, which, howevei, 
loses its intensitv quite iapidlj% and becomes a diitv giev 

As a lesiilt of these obsei rations wc allowed the color to develop at loom 
temperatuie and usuallj in oidinaiv late afternoon daylight While being 
measmed in the eolorimetei artificial light was used but it shone equally on 
the unknowns as well as the standard Reagents were added at the same 
rate to all fl.asks so as to av'oicl anv great diftereuces in the temper atm e rise, 
which occurs when the acetic anhvdiide and II„&Oj is added The advantages 
of using a cholesteiol standard, therefore, are that whatever factors vary 
from dav^ to dav , they aftect the two solutions compared equallv 

Duplicate detenninations were made wuth manj’' specimens and found to 
agree within 10 per cent and often withm 5 per cent It should be noted, how- 
ev^ei, that better cheeks were obtained with biles containing much cholesterol 
To av'oid matching the weak green elicited with samples eontainmg little 
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(.lioU’storol inort' bile w.ts taUon 1(1 <>r 1 ") i ( at tiiins Thi'i (lifiiiull'v 

in ineaMUiii^ <>111.111 .unoiints luiwtMi i>> oiu* 'iIikIi .ipplias to all methods 
In pi'iienl the tolm oht mn’d luth tlu piesnit method, e\eii for samples 
containin'r little thoUsteiol w.is a hettei one and lasici to match than the 
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1 
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1 21 7 
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1 IS ! 

1 oo 


, *10 cc of 10 per c-fiit CuSOi (xcMIflej) * p l to 0 I c c. of 1 per cent KCrO dcponOInc 
on hue ile^lre.1 


color obtained from bile dried on a filtei pajiei and evti-acted m a Soxhlet 
'rith etlnl ether A senes of such comparisons are represented in Table II, 
i^hieh shows the supenoiits of petrolcuni ether o\er etlnl ether although the 
preliminan saponification in the foiniei mac hace been responsible for the 
better readings The lowei c allies (laigei readings) with petroleum ether 
probable indicate a greatci acciiracc since noncholestcrol substances hace not 
added to the color 

Table III represents conipaiatne deteiniinations be* the present method 
and be the digitonin inetliod It ccill bf noted that the calues check ceiy well 
m all blit specimen 3 ccbeie the giacimetric lesult is higbei Since coloi- 

Tcdce II 

CoMp^pisos or CoLOPiJiEXEP Kevpisgs Agmsst \ Knows Ciiolestepoi. Stcspcpd, oi Biee-s 
Extpictep CVixn Ethte Ethep (Withotpt Scposificatios) asp IVith PEXsoLErJAr Ethee 
('V^ 1TH ScposincATios) The Formep Keapisgs rs* Most Cases Ape Smcleee, Is-bicatisc 

A STPalSGEP COEOF AS-p HE' CE C LAPGEE Y CLUE THA * THE LAITEB 


BILE 

PETFOEECM ETHEP 

ETHYU ETHEP 

SOLECE 

NUMBER 

READING 

MATCH 

EE VDPnG 

SIATCH 

Human 

1 

42 

good 

37 

good 

Human 

0 


good 

11 7 

poor 

Human 

3 


good 

12 5 

fair 

Human 

4 

47 

good 

48 

good 


5 

13 

good 

15 

good 


6 

18 7 

good 

16 5 

too xellow 

Dog 

1 


good 

7 5 

too vellow 

Dog 

2 

1 19 5 

fair 

J 


Dog 

i 


fair 

9 

too vellow to read 
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inietric lesults aie usually liigliei, we uent back ovei tlie steps used in this 
specimen and found that the filtiate betoie piecipitation with digitonin had 
inadvertaut]'\ been left exposed to the an foi se\eial ueeks and that the high 
lalue may theiefoie haie been due to the piescncc of dust in the final pre 
cipitate 

Tabif III 


CoAiPARisoss or CnoLESTLKOL Determin \TioNs OP Various Bicns ba the Pefsent Method 

AND TUF DirlTOMN METHOD 


SOURCF 

! rRESFM METHOD 1 

(MO/CC) j 

DIOITOMV -METHOD 
(MO /CC) 

1 Human gnil bladder bile 

2 21 

(1) 102 
(2) 2 03 

2 Huimn hepatic bile 

i 

(1) OOG 

(2) 101 

1 05 

3 Dog gall bladder bile 

(1) 0C9 

(2) OCS 

0 01 (see text) 

1 

4 Dog hepatic bile 

0 083 

0 087 


The actual c'alues obtained nith this method aie being lepoited foi both 
hepatic and gall bladdei biles from human beings as Avell as dogs ® Hepatic 
bile, collected asepticalh fioni dogs laiied between 0 04 mg/c c to 0 20 mg/cc 
nith an aAeiage at about 01 mg/cc, values agieeing AAith those recently 
lepoited by Endeilen, Thannhausei and Jenke,'' ulio used the digitonm 
method, and also those b3' Stern Thej' w'erc someiAliat loAver than those 
found by IMcJIastei - Gall bladder bile fiom dogs eontanied much moie 
cholesteiol, eAen aaIicu as dilute as Inei bile The a allies caned betw^eeii 0 6 
mg /c c to 2 4 mg /c c in a laige senes of isolated deteiminations, ac eiaguig 
about 1 2 mg /c e In the human being, the calues u cie still liighei but here 
too the specimens lemoced fiom the gall bladdei neie much highei than those 
obtained fiom the common duct" The specimens fioni the gall bladdei agiee 
lathei cyell cnth the \alues repoited by FonAAeathei and Collinson ® 

COJniENT 

The method clescnbed herein foi the quantitatne detenninatiou of choles- 
teiol in bile has the adc'antage of extieine simpliciti, lequues but little le- 
ageuts and fiom the data pieseiited, seems to be as accuiate as the results 
obtained nith othei methods 

The impoitauce of saponification has lecently been emphasized bj^ Okey 
and othera since noncholestei ol substances aie capable of piodueing the chai- 
acteristic gieen coloi leaetion but that thee aie not extiactable aftei saponi 
fication The use of an alcoholic solution enables the exti action ciith petroleum 
ether to be easilc and lapidh earned out 

The yelloAi isli diseoloiation mentioned bj most uoikeis iias encounteied 
onlj’ in specimens ceiy creak in cholesteiol and could thus be partly acoided 
by using moie bile foi extinction It cias otlieiwise apt to oeciu oiilj cihen 
the tempeiatme cias high and cvheu the light cias poor, as discussed in some 
detail above With suitable pi eeaiitioiis, theiefoie, it could usually be acmided 
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NONELASTIC BULB FOB PIPETTES'' 


B'i John W Williams, M D , New Oklcans, La 


D ifficulty m mampulatiou of flmds by means of the luhber teat fitted 
to the jiipette has led ns to dense a uonelastic bnlb to be used lu place 
of the lubbei teat This bulb obnates the necessitj of continued piessuie 
Avhen diffcieiit amounts of fluid aic being measuied It is easily cleaned and 



\ 

\ 


/ 


-A 


- 0 
- -c 


--0 


rig 1 


stenlized It slides with ease ou the pipette the calibrated distance desired, 
expelling oi dianing up a measuied amount of fluid It mil not easily dete- 
riorate 01 eon ode and is compai atively cheap to maniifactme The bulb may 
be made of glass oi othei suitable niateiial of the desiied shape, size, and 
capacity to fit a standaid pipette 


DESCRIPTION OF CROSS SECTION 

(A), ehainbei, lesponsible foi piessuie changes at lowei end of yhich aie 
two flanges, one at light angles to and fitting on to the pipette, the othei 
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threaded and pnr.ilUd to it A pu'(o (C), ‘'Iiapad n-s lihi'^tratcd and fitting the 
pipette simgl\ ^(reu^ into ( 1) H\ means of lliese threads, {li) nJiich act 
ns a replaeenlde msher. in.n h» tompresserl oi loosened, thus allouing \aria- 
tinu ni tichtness of fit to pijiette (/>) 

Tills dtMce nns be \niied so th it (C) is made continuous, with the* llange 
of (.1) and in iiilas of suitable initeinl (Jl) in ide in tin spite befneen (A) 
and ((’) 01 the rnrht angle tlingi of (1) made of sufiieient width and tight- 
ness to fit the pipdle in an an Iinlit inaniui and llie neitssilt of ( 1) and {B) 
ehniinati d 

The nd\anlage of flu bulb is fh if if tan be fifted to one pipette after an- 
other iniub more tpiiekh tban tan the* i libber teit This will grentU speed 
np woiK in whitb a seriis of jnpettts ait to be used and will obMate loss of 
patience iiitident to the difucults often cvpericnttd in the adjustment of a 
rubber teit to a jiiiiettc To make Ibc adpistnient easier it is desirable that 
the upper end of the pipette he rounded as illustrated 

The dt'Mte c in be m.ide so fli it a ring for the first finger ma\ be attached 
to the top of ( 1) In this t ise the thumb and second finger will grasp the 
pipette and ( !) will he moeed up and down on the pipette be means of the 
first finger 



A SDIPLE APPAEATUS FOR ABSOKBING SUBSTANCES FEOJI THE 
EXPIRED AIR OF LABORATORY ANBIALS^t 


By AVithrow Monsc, Bristol, Pa 


T his .Iijpaiatus can be made fioin common laboraton supplies, supple- 
mented b^ a ping-pong ball obtainable at sporting goods stoics The ball 
IS dmded into its ti\o liahes at its eqiiatoi and each half rested upon a mei- 
curj- suiface as indicated in the dialing In ordei to inoie the column of air 
past these lahes, it is nccessai\ to lune a force only sufficient to laise their 
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^PPAPATU5 USED ro INSUPC COMPtETC 
Mwmo or EXPIRED AlP FROM EAPtRIMENTAX. 

animal with aOLVCNT 

Figr 1 

iflatnelj insignificant u eight In inspuation, the half-ball fits doivn into the 
meicurv and piohibits all ino\eiuent of air past it 

Anesthetics mar be intiodneed diiectly into the containeis, oi, if desiied, 
into a “U-tube” inserted into the connecting tube 

The appaiatus is eqiialL' efficient in absorbing substances fiom the e\- 
iired an of a white lat and tiom a laige mammal such as the dog or man 
imself In the case of small mammals, the column of absoibing fluid m t)ie 
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flr^t oont.uner slioiiKl not nnpoili tin pa'-'- ifri* ot fiii tins is .u (.oiiiiilislicd h^ 
kccpiin; the ^ nhinin i'- slioi t as po'.sihlc 

I'oi a lai'Ti nianunal it in i\ In issoiitia! to list* an .iliMirption tnbi' (tlosal, 
cspamUd .it tho i nd into i Imlli and holes piinithd in the hiilh) o\un<r to tilt 
irn it ptisstne of expiration 

The ahsoihin^' Inpnd ol (ouisi dt pends upon tin* cliai.icttr of the suh- 
stnncp sou'^dit lu'idit\ \olitile suhstaincs and 111x0111111" aprents should be 
proteited In 1 lavti of some leipidil siieh as ntinei.d oil, in ordei to reduce 
snifme tt iision when njijilied to tin* itieiMipr Mssel 



DEPARTMENT OF REVIEWS AND ABSTRACTS 


Egbert A Kilddffe, M D , Abstract Editor 


LEUKOCYTES The Staff Count in Infectious Disease, Weiss, A Arch Int lied 48 
399, 1031 

A careful reiieu of the data prepared from about 20,000 e\ iminations of the blood 
performed during the past fi\e aeais aields tnc following conclusions 

1 The leucocvtosis c lused bv acute infections is pnmarilj the result of stimulation of 
the bone marrow This reaction of the bone marrow is a nonspecific, biologic phenomenon 
that depends not onlv on the tnic of organism, but on the degree of irritation caused bi 
bacterial toxins The ncutropluln thus brought about shows a aarjing percentage of im 
mature or staff neutrophils, depending on the sciontv of the toxemia and the abilitr of the 
bone marrow to respond to it A careful morphologic examination of serial blood films 
tahen during the couise of m infection will demonstrate that 

a The peak of the staff count and the height of the infection usually coincide 
b The peak of the staff count drops as soon as the infectious process is removed or 
oicrconie 

c The persistence of a high staff count usualh means a complication 
d The persistence of a high staff count niai mean that the infection is becoming 
subacute or chronic 

e The persistence of a high staff eoiint without the possibility of rcmoMiig the m 
fcctious focus usualh indicates a fatal outcome 

f The presence of i high staff count early in the course of lobar pneumonia usualh 
IS indicative of a fatal outcome 

g The Cline of the daily staff count is more accurate as an indicition of the course 
of the infection than the chart of the temperature 

h The staff count is more reliable than the leucoc'tic or polymorphonuclear count 

2 Concomitant with the sharp droji in the staff count are a sudden increase m the 
number of monocvfes and a return of the eosinophils into the circulation 

3 In subacute oi chrome infections, one finds a persistence of in eleiatcd staff count 
with an increased number of monocytes and hanpliocytcs 

4 Lvonphopenia, which is present during the neutrophilic phase of acute infections, is 
replaced bv lyanpboty tosis during the period of conialesccnce and healing In subacute or 
chronic infections, the Ivmphoey tes are usu illy increased 

For those who employ this method of morphologic examination of the blood, it is ex 
ticmely important to bear in mind tint a single icport of a high staff count docs not spell 
a fatal prognosis Daily morphologic exainin itioiis of the cell are of inestimable importance, 
for it IS on the curie that the prognosis of the case depends It must bo remembered that 
the changes in the blood are always to be considered conjointly with the complete clinical 
findings It is also adxisible to bear in mind that outstanding changes in the blood cannot 
bo disregarded because of the lack of clinical corroboration Jfeierthelcss, it is also true 
that a definite clinical picture cannot be negated bv a lack of confirmatory hematologic oh 
sonations Last, but not least, it must alwaxs bo borne in mind that examination of the 
blood cannot always be employed as a means of diagnosis Although one usually finds a 
definite biologic chain of Icuoocvtic mterreaction in infections, overv now and then, oyving to 
some unrecognizable cause, the blood picture fails to indicate the patient’s condition One 
must not forget that eien now the reason for the appearance of the various cells in the 
circulation is not known, and therefore no cause can be ascribed for their failure to appear 
These homitologic f iiliires must not sci-ve to discourage the clinician or the laboratory 
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wor).ir, 1ml -lioiiM •■imr him rm In dn pi r nm! nmn i < irt ohnnilioiii ( Tri ftil in ri il 
niorplioloj;m ct iniiii itimi’. in irlm !i ii-i is m nli of iln nuitrojihilir huIk hosoii Tr< of in 
cilinnlik nine iii tin hi itnIoIn;,ie sliiiU of ill infn lions disi ise 

DIABETES SUid\ of the Five Hour Dcictro<-e Tolcrviicc Curve In Treuted DKhctlc Pa 

tlcnls Ealli, E P ind Slnnnoii J \in T Mi<l S 182 'I'l, pi'i 

'-l MM\KV 

1 The hhiod vtii. ir nine foilniwiiR Hit iiiKtslinn of 100 of iltictrost ms stiiditd 
fir 1 liM liniir pi nod nisti id of the ruslom ir\ flint hours in iiornnl indnidmls ind in 
mild inodtrile nnd sn,n dnholirs 

2 In the norm il i,ronp tin Idond sn(,Tr n lehis its hticht in from 0" to one hour The 
Ml oil sn|,Tr n Innii d to n nnrtinl hvcl it tin •• eond or fliird hour 

1 In tin (ironp of mild diihetns tin return of the Mood si'gsr to its sf ininp li \tl 
ms nt the third or fourth hour Tht prntist hvperphti mn ii is it the first or sttond 
hour 

•5 In tin niodintih senrt pronp the rilnrn of tin Idood “iipnr to its stnninp level 
vns Oihvid to fin fourth or fifth hour The preiti*^t livpi rphi cnii i oiciirrcd it v imfilc 
periods 

'i In the soiri pronp tht Idood snp-ir vv is nnrkedh dented for the entire flvehoir 
I'criod 

0 There is oiduni pre«inttd tint a stirvinp blood supar level of over 100 mg sug 
gests that the jiatient will not return to this level vrithin a period of five hours follovnnp 
the ingestion of 100 pm of dcxtro'c 


CONTI LSIONS 

1 It is suppested that the blond sugar level taken four hoi rs after a meal is a better 
index of tin ecvoritv of the dialiotcs than the starving blood sugar 

2 The seventv of the diabetes as liassificd bv clinic il criteria vras supported in all 
hut 3 eases In the glucose tolerance test 

3 The file hour test is found to give more valuable information in mam eases than the 
three hour test 

BACTEBIOPHAGE Factors In the Preparation of Keller, M J Baeteriol 22 199, lo^l 

The method following was found suitable for the preparation of baetenopliage in large 
imounts 

The method has two prerequisites A bacteriophage having a lytic titer of lO-c or 
higher, and an inoculum prepared as follows (a) A loop of the homologous organisms is 
inoculated into a tube of brotli fabout G c c ), P„ 7 6, and incubated for sis hours at 
31° C (b) One part of this culture is added to a thousand parts of broth and incubated 
one hour at 37° C This one hour culture is referred to as tlie inoculum in the following 
outline 

1 To 100 c c of baetenopliage is added an equal amount of inoculum and the misture 
is incubated for twenty four hours at room temperature 

2 If this mixture also is clear, an equal amount of (400 c c ) of inoculum is added and 
incubated again for twenty four hours at room temperature Tlus “doubling” procedure 
IS continued until the desired volume of bacteriophage is obtained 

3 At this point, approximately 100 c c of a six hour broth culture per liter of mixture 
IS added and further incubated for two days at room temperature The mixture should now 
appear opalescent If it is turbid, it should be filtered through a Berkefeld candle and the 
clear filtrate reinoculated with less than 100 cc of a six hour cultnre, if u is clear an 
amount larger than 100 c c of culture is employed for the inoi-ulahon The aim is to 'add 
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nn 'iiiiount of culture tlmt amII pioducc in opulcscent mixture rMtlim t«o dajs of mcubatioii 
it loom temperature Tins step is bisul on an obscnation that bactenopliage filtrates re 
luained clear if, before final filtr ition, tlic 3 bad gnen rise to an opalescent or a fioceulent 
form of resistant groutb nbicb ivas iiennitted to remain in tlie bactoriopbngc for some 
da>s at room temperature 

4 Opalescence baring been ittained tbt mixture is incubated at room temperature 
for fire to seren dars, after nbicb period it is filtered 

~y The clear filti ite is cbeclvcd foi htic potencr and foi jmssible continninatious, and 
if satisfacton is readv for therapeutic use 

.Special Conditions If after step 1 tlie mixture sbons op ilcseeiicc, it is incubitcd intli 
out filtration for about seven dais to increase the titer, after nbich penod it is filtered and 
the pioccss continued mtb step 2 If after step 1 the mixture is turbid, indicating relativelr 

Ion htic potenev, it is filtered after four dais’ iiiciibation at room temperature, and an 

iiioci him equal to half the lolunie of mixture, instead of the total lolume, is added and 
incubated for tnenti four hours, if tins mixture remains clear, the process is continued ivitli 
stop 2, if opalescent oi turbid, the stops arc repeated as gneii in tins paragraph 

PERTUSSIS Isolation and Cultivation of H pertussis, Bailey, J H Am I Pub Health 
21 1144, mil 

The iolloning inodification of the Bordet Gciigou medium is iccommeiided 
Pired pot itoes arc cut into thin slices To one hg of potato are added 2,000 ce 

of nater and SO c c of c p neutral gliconii This is boiled oier a free flame until the 

potato falls to pieces, the water lost hr ciaporation being replaced The material is then 

rubbed through a sieie iiid strained throngli i toncl The expressed jiiice is then adpisted 

to a P,r of 7 To 1 pirt of neutralircd iiiicc (it is rather thick) is added S parts of 0 0 
per cent sodumi chloiide solution Tlio iiiatciial is then distributed in 200 cc lots into lOO 
i c flasks To cai h 11 isk is added S to 10 gin ot agar The flasks are then plugged ind 
set in the ice chest oiermght If powdered agar is usid it is not iiecessan to stoic over 
night The flasks arc then lutoclaicd at 11 pound pressure for thirti minutes AVlien 

plates are to be ponied the ngir is molted and then cooled to ihout 40° C Two hundred 

c c ot sterile defibrinatcd horse blood, warmed to ibont 40°, is added iiid thoroughh mixed 
To the resulting mixture G c c of sterile K/2 lactic acid is added and mixed Plites arc then 

poured iiid one plate is iiiciihated for two to three dais to test the steriliti This plate is 

not used again 

Plates of this medium inn be stored in the ice chest for two neeks It is important 
that the agar be not too hot at the time the blood is added, is II pertussis grons oiilv on 
unaltered hemoglobin Indeed this fact has been used as a method for identifying H 
pertussis and differentiating it fioni B influenza, the latter grons on chocolate agar, the 
former mil not until after seieral generations on artificial medium 

MEDIUM for Isolation and Cultivation of Bacteria in the niterahle State, Kendall, 

A. D Northwestern Unii Bull 23 8, 3031 

t 

The “K” mediums described belon nerc successful in the isolation and cultivation 
of organisms in the filterable state from various sources from nliieh no gronth could he 
obtained with the usual methods 

Fresh tissue from the animal or human body is thoroughh extracted with 95 per cent 
alcohol Intestine has been used chiefly for this purpose As a routine, the intestine is 
opened, cleaned, and ground in a meat chopper and immersed at once in about four volumes 
of alcohol Extraction at 37° C is practiced for one or preferably two days with occasional 
stirring The alcohol is then lemoied, and fresh alcohol added This is repeated twice, 
making three extractions in all Tins procedure removes water, alcohol soluble extractives 
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uid 'WHO fnt The <1r\ ti^'-uc n«uliie is mvt rcixtrutnl lutli I'onrol (o rniiinc iiin-t of IIk 

ronnimiif; lipoulnl coii'-litiionts llip bui/o) i*. rimond first Ii\ lillntion, tlicii In nil nir 

Cl rrent Tlic csinctcd iinlirnl is fiinlh rifcioiiiid to n tim jKiudfr It mil k'fji in 

dcfinitih in n dri stoppered cont nner Tins ilriid tissin ri sidmim is tin nutritnc InsH for 

tlie inodmm nlioiit to In dtsirilnd It is not in<os«iri to limit tin tissue to intestine 
itr'iin, iner, kidnei, fpltiii niid lienrt li Hi lie< n ined, iltlinii;,!! in k' ntr'il, intr, Xidnti 
or spleen hue proicd to In, rnther kss suit ildo tlmi intestine llnrl imi«tle Inn Iki n furh 
sntisfnctors it ini' he ),round 'tn Imo in n iiient eliojijier niid dried ripidh in i warm 
nr ciirriiit in lieu of nliidiol e^trution, tliouf;li iludol < \tr icled tissue ippeirs on the 
"hole tn he nthi r helter tlnn iir dried tissue Tissue from iin nnim il imi he ti“td Hop 
intestine hoivcicr Ins Incn distimth more smt ildt tlnn nhhit intistine, nnd nhhit in 
tcstini his nppesred to he more fi'or-ihle tlnn dop intistine llniinn intestine, 'rlneh 'ns 
not n'nhhle ivhtn the enrh studies were undo, is under iii'estipition it present 

V siinll ninomif of dried intcstim, too per cent he "eiplit, or there ihouts, is pheed 
cither 111 n test tube or i disk of the proper cop Kite Normil ‘slinc solution, or ‘oniciv!i it 
better, trrode solution is ndded (tirodc solution, ns used in this ivork his the fnlloivinp 
composition NnCl SO pr KCl 0 2 pr , ( i( 1 0 2 pr , MpCl 0 01 pr , X i IITO, 0 01 pr , 
NnliCOj 02 pr Gliieosc OS i.r , distilled w uer 1000 ce ) I’ll' siolopicnlle nnrmni KCI 
mn' he U'cd in p! ici of ph'sinlopic «nlinc, or distilled ivntcr nn' he substituted for t'rodc 
solution Generali' spcnkinp, however, neither KCI nor wnfer is ns sntisfnctore as normal 
saline or t'rodc solution It is best to introduce the dr' tissue first, then the solution 
The tissue is thcrch' "otted, nnd does not tlont nnd fonm diinnp stenm sterilization It 
will be noted tint comnicreial peptone nnd niont c'trneti'cs nro npidh eveludeel from K 
medium, this is 'cr' important The medium thus prepared is usual!' slighth acid after 
autoclavinp, hence it is nccc«'ar' to add a small amount of XallCO,, usual!' one half 
gram per liter is sufiuient The final reaction should be from P,i 7 to P„ 7 4 If the 
alkaliiut' exceeds this amount the medium becomes disfinttlv more cloud', and there is 
c'idence of disproportion itc decomposition of the nitrogenous constituents during sfenhza 
tion in the autoclave This is to ho avoided for reasons that will appear below The medium 
thus prepared is sliglitl' turbid and has a tissue sediment It is more turbid when normal 
saline is used as the diluent, less turbid when t'rodc solution is omplo'ed 

A “clear ’ K medium ma' lie prepared in the following manner two per cent bv 
weight of dried intestine or other tissue is thoroughlv macerated, preferabh -with the proper 
amount of t'rodc solution, and iieated at oO” C with frequent stirring for one hour The 
solution is allowed to settle, and the supernatant, somewhat cloudv part is filtered through 
a sterile filter paper, 'vhicli nmoves the greater part or the suspended substances The 
filtrate in turn is passed through a sterile Berkcfeld W filter, using the set up described 
elsewhere (KendaU Bactenologr, 3rd edition, figure 20, page 222) With this apparatus, 
there is almost no hazard from contamination during the entire process of filtration and the 
filtrate mar be distributed in test tubes or in flasks as mar be convenient The chief ad 
vantage of the cleir K medium rests in its applicabilitv to the dark field examination of 
bacteria that mar be cultivated in it Under the dark field, the uninoculated medium is 
fonnd to contain manv v err small, faintlr greenish rellow granules, and ran mg numbers 
of larger, bright rellow granules The regular K mediums contain multitudes of granules 
of ramng sizes and degrees ot brightness Bacteria m the filterable state also appear as 
bnlliant vellow granules, but comparison with uninoculated K medium will usuallr afford 
points of differentiation 

The “clear” K medium is not recommended for isolations of bacteria or for pure 
culture perpetuation, there is tlwavs a possibilitr th-it bacteria in the filterable state mar 
escape the action of beat at 50” for one hour, and remain viable in the filtrate Wanv 

if not most, bacteria in the filterable state will pass through a Berkcfeld W filter * ' 

hers sufficient to cause confusion later on A reasonabir satisfactorr substitute for^'ft 
“clear” K medium, which possesses the advantage of unequivocal stcnhtr, mar be had bv 
filtering steam sterilized K medium, prepared as above indicated, tlirough sterile filte * ' 

to remove the grosser particles, then through a Berkefeld W filter paper 
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111 spite of the proloiifjtd c\tinction iiith lUohol, tlierc appear to be some saccliaroKl 
substances left m tlie tissues iiincli interfere serj ni iterinlh iiitli tlie studj of fermentation 
reactions in. the K medium This is a disads iiitage that has so far proicd unsurmountable 
It IS frequcntli desirable, honeicr, to add from 3 to 5 per tent of gljcerin to K medium 
before steam stcrihrntion Tliese and other factors in tlic chemistrj of the K medium mil 
be discussed latei SiilTic^ it to sa\ hcie that it contiins protein in colloidal solution Some 
of this protein prciipitatcs iihcn \igoroush ictne organisms, as the gas bacillus, are grown 
111 it for the first ti iiisfer It is signifinnt that second transfers, cicn of the gas bacillus, 
in K inedium usualh do not precipitate the protein constituents the orginisms arc changing 
at this tune to the filteiablc state, a condition in which chemic il letnit) is apparentb 
mateiiall} modified This I\ incdium is in icccptable pabulum for the bacteria studied so 
far, which include manj tipcs ranging from those isolablc from the blood of persons baling 
influciii'a, common cold, rheumatic fever, iiid arthritis, to those microbes cultivable in ordi 
narj laboratory mediums 

Just how minh degrad ition the protein constituents of the K medium undergo during 
heat sterilization cannot be decided at this time If, however, the mediums are carefulli 
steam sterilized, the organisms thus far studied grow icn well 

Thus far, experience h is cloarh shown tl at a single exposure to lo pounds’ Inc 
steam pressure for twcnti niiniites in the aiitoclixc is ample to afford stcrilits, although as 
a matter of precaution two exposures eatli of fifteen minutes to live steam at 15 pounds’ 
pressure with a twenti foui hoiii incibation period intenoning lias been practiced in those 
mediums put up in flasks to rcecne 10 cc of blood for blood cultures These flasks usualh 
contain about 2 gm of tissue and nppioxim itelj 100 cc of tjrode solution Test tubes 
containing but a small amount of extracted tissue, suspended in 10 cc of tirode solution 
irc sterilized but once as a inittcr of loutinc Controls should nlwais bo earned along 
from the same lot of medium to afiord iddition il iiifoimation as to the sterility of the 
uninoeulated tubes 

nil nsL or k mldilms 

The degree of tuibiditi of laiioiis lots of K medium i irics somewhat, hence it is 
alwais helpful to incubate an iininociilntcd tube (or flnsk) for purposes of comparison with 
the inoculated one This is usualh less essential if ordinary bactciia in the nonfilterablc 
state are being iiii estigated, but tor blood or spinal fluid cultures it is xery helpful Further 
more, in making blood or spinal fluid cultures, it is best to haie the latio of blood or spinal 
fluid to K medium raieh exceed 1 10, that is, one xolumc of blood to 10 of K medium 
Anaerobic incubation at 10° C as iboxc indicated, usuallv gixcs the most consistent results 
Cloudiness, which is the most common sign of growth, docs not ordinarily become apparent 
before the sexenth to the tenth dax, unless bncteiia arc piescnt in the iionfilterable state, and 
tlierefore cultixable diiectly upon enriched ordinarx mediums Here exidence of growth max 
be had often within the second to the third day, or soonei When cloudiness is iineqiiix ocally 
present, transfoi to fresh K medium max be made, xxith excellent piospects for successful 
subculture It is alwaxs well to make a subcultuic from the original culture in ordinary, 
peptone containing medium, as well as in the K medium This is also adxisable in the 
original culture from the patient’s blood oi spinal fluid These cultuics should be kept for 
sex oral days, as experience has shown that two weeks oi more may elapse before growdhs 
appear, though in the gioup of diseases discussed aboxe, both sets of cultures in artificial 
mediums, even when eniiehed with blood, xvill usiiallx be ncgatixe Growth takes place readily, 
cxen though sloxxlv, m IC medium, howexer 
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Allergic Diseases, Their Diagnosis and Treatmentf 
K LTIIOUGII the fir^t ctlition of tins ^^ork ,s hut four trs old the third cd.t.on represents 
Anl„,ost entireh n non roUnne s,„ro it has been Innlt up n. nesrh Drier the oriRinal sire 
The Tsn.d.tv rvith rrlnoh the first tuo editions iirre crlnustcd ind the progressive incrensc 
m size of the lolumc nrc good nul.estious of the in.ressing interest in the subject and the 
need for frequent rei.s.ou md sdd.l.ons due to rspidtr iccumuhtiug neii informstion 

The nuthor ln« nddtd in tins Inst edition n discussion of nllcrgics other than mini ml 
nllergies, pnrt.culnrh niigruno, urt.enr.n, and cczcnin Tins hns nceess.tntcd n change in the 
title from “Hsv Fever and Asthui-i ’ to \llergie Diseases ‘•.uee the allergic aspects of 
these various maladies arc *0 interrelated tins appear, to the rei. riser to be a most desirable 

^Thc author's contributions to allergi. particularU Ins pollen suriei of the midivestem 
section of the continent, and h.s contributions on "allcrgv and intelligence” lend an 
authontr to the book that justifi the rapid appearance of three editions 


A Text-Book of Medtemei 

'THE reviciv of the first edition of this volume iiliich appeared m IhST stands cqualh well 
i for the second edition Osier’s Textbook nhich stood preeminent for so manv lears was 
pmnanlv the espenence of one most unusual mm supplemented bi the experiences of others 
Based as it was upon the great personaliD of the author, the question at once arose as to 
whether anv successor could keep the volume up to date Dr Cecil has solved the problem in 
an eqnallv «atisfactorv wav and possiblv a more permanent one in that instead of endeavoring 
to write an entire volume based on personal experiences, he has filled it with a large staff 
of contributors, each writing on that phase of medicine in which he has been especialb 


PhiaSc?f^rlth chalwe'ft'oitPaUe?.S SospTml Ph" “clan to Pol it National 

Srthopae" Ic Belt Memorial Research Btc Ooth Pages JH 

Oxford UntvcrslD press B, Ka. M BaDeat MA MD 

P . viipnric IMseases tnlversUv of Oklahoma Medical School Con=ulting 

a Ho'sdiLiI and to the State Lniversltv Hospital President-elect of The 
FuFT.iidv ^f ^lerCT Director of the BaUeat Haj -Fever and \sthma CUnic 
tssoclatlon for the studv of Mlerw including 4 in colors Third EdiUon Rc- 

F^ld* anS SnLrgSi CTo‘fh Pay,' W® Phifadelphia P^ V Davis Companj 19W 

+ 1 -RnnW r,r Medicine Bv American \uthors Bdited bv Russell D Cecil A B 

MTV Professor of Clinical Medicine In Cornell 'Lnlversitv Assistant XTsitinw 

^sistant Professor oi Associate Editor for Diseases of the 

Phjsician to Bellevue Ho pit FRSE Professor of XeuroloBv in Cornell Dnlver- 

Nervous “Sb-sfe™ Bellevue Hospital New York CiD Second Edition. 

Revise” and Lurelv IteSt C?oth Pages 1 W Philadelphia and Dondon VP B Saunders 
Compan^ 1930 


Kote In so far as pracDeable the book review section will present to the reader (a) 
interesting knowledge on the subject under discussion, culled from the volume renewed, 
and (b) description of the contents so that the reader mav jndge as to his personal need for 

the v^me scientific information printed in these pages will make the reading 

thereof desirable per se and will therebv justifv the space allotted thereto 
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interested This materinllj simplifies the problem of rcnsion, since the individiml contributors 
ore jntumteh conversant ot all times with advances in their onn fields 
The second edition measures up to all cvpectations 


Food Allergy* 

W ITH the deiolopment of the allergic concept as the cause for certain diseases the metliod 
of skin testing rapidh came into prominence The tno diseases recognized as being 
preeminently allergic were asthma and hav fcier As the studies progressed, it became in 
creasingli evident that the outstanding cause of these two diseases nas the inhalant allergen 
Some cases of vasomotor rhinitis associated nitli food scnsitizaton were noted but these were 
decidedly in the minority and attention was concentrated clncfli on the inhalant allergens 
Furthermore, it was observed with increasing frequency that cicn though a person might be 
definitely sensitive to some offending food the skin test was not infrequcnth negative As a 
consequence the major inteiest has been gnen to the inhalants although to be sure ingcstant 
allergens have not been altogether neglected 

Eowe, whose interest in the food allergens has never lagged, set himself to the task 
of determining if possible why skin reactions to allergenic foods arc negative, and how the 
studj of an allergic ease niav be successftilh carried through in spite of negative reactions 
to foods 

Tins volume represents the cumulative c\periciico of Doctor Fovve together vnth a verj 
comprehensive review of the bterature on food allcrgv Since foods arc also responsible at 
one time or another for all of the other clinical allergic manifestations, and since in connec 
tioii with the inhalant allergies the writer has incorporated discussions of inhalant allergy, 
diagnosis and treatment, the volume represents a comprehensive discussion of clinical allerg} 
in general, with emphasis on food sensitization 

For the clinician who is looking for material of practical reference value the following 
are to be mentioned specificallv the author’s description of Ins own elimination diets and 
his discussion of the methods of dietarv treatment recommended b} others interested in this 
field an abundance of carefulh worked out recipes for individuals who must be on wheat 
less diets, on milk free diets, egg free diets and oven for those who must avoid wheat, eggs 
and milk 

Following discussion of diagnostic methods in the stud) of llic food allergies, the author 
takes up the symptomatology of food allcrg) including gastrointestinal allergv and the other 
allergies, bronchial asthma, eczema, dermatitis, angioneurotic edema, migraine, allergic to\ 
cmia, peiennial hav fever, and certain othei less frequent conditions 

The chapter devoted to Food Allorgj in infanev and Childhood is most important since 
the prevention of much suffering depends upon the carl) recognition of allergv The final 
section IS devoted to a verv comprehensive siiniinarv of the literature on food allergy 


Asthma and Hay Fever in Theory and Practicef 
IS a volume whose advent allergists have been awaiting for some time It has been 
written b) three men preeminent in their field, each contributing a separate ind distinct 
section The first section, b) Dr Coca, deals with the experimental and research phases of 


•Pood Allergv Its Manifestations Dlagrnosis and Treatment With a General Discussion 
of Bronchial Asthma B> Albert H Rowe MS MD Lecturer in Medicine in tiie University 
of California Medical School San Pranclsco Calif Chief of tlie Clinic for Allergric Diseases 
of the Alameda Countv Health Center Oakland Calif Consultant in Allergic and Membollc 
Diseases Highland Hospital Piesident of the Association for tlie Stud} of Allergy 192T-19-^ 
Cloth Pages 442 Lea and Febigei Philadelphia 1031 

t Asthma and Hav Fevei in Theory and Practice Part I Hv pel sensitiv encss Anaphy- 
laxis Allergy B\ Aithur P Coca, MD Professor of Immunology Cornell University Medical 
College Clinical Professor in Medicine-elect New A oik Post Graduate Medical School Editor 
of The Journal of Immunology Part H Asthma By Alatthew 'Walzei M D Instimctor 
in Applied Immunology Cornell Univeisity Medical College Deputy Attending Phvsiclan Clime 
of Applied Immunology New Aork Hospital Chief of Allergy Clinic Jewisli Hospital of Brook- 
lyn Part III Hay Fever By August A Thommen MD Lecturei in Medicine University 
and Bellevue Hospital Medical College Director of the Allergy Clinic Jledlcal College Dls 
pensary New York University Cloth Pages S51 Charles C Thomas Publisher Illinois 
and Maryland 1931 
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nnd , the •■croiul veotioii I)' Dr Wnircr is on nsthnn, nnd tln 

tKml b' Dr Tliommen on llns Icier Coen’s pre>-en(ntioii of tlic Inbornton nspccis of the 
problem brings onr undcrsfnmlinp of the plicnomcnn of nmpinhxis quite up to date Into it 
tie incorporntcs the mnin cnnstnictiie ob'cmtions tbnt Inic come from bis own Jnborntorv 
blit ncicr to tlio exclusion of otlior contributions nor docs be force them into n position of 
more prominence tlnn (bei dcsene Irom Ins position ns n pioneer in imniiinolops be hns 
wntebed the subject prow nnd bns contributed prenth to its ndnnccs 

AVbilc bis section denis primnrih witb the cxperimcntnl rcscnrcbcs, tlicrc is n correla 
tion throupboiit the discussion with tbc recorded cbnicnl obscnntions 

For tbc mnn wlio is loobinp for soimtbinp pnmnrih prnclicnl Ins cbnptir on Tbf 
Prcpnrntion of Extrncts nnd ‘Solutions for L'se in Tcstinp nnd Trentment, is nltopetbcr com 
pleto nnd np to dnte Wnlc Dr Coen bns mnde «c\crnl contributions on tins pbnse of tbc 
problem in the pnst, in The Joiirnnl rtf Immiinoloov, tins cbnptcr presents tlio most retent 
of Ins metbods nnd should be iin nimble to tbc nllcrpist wlio i« propcrlv equipped to prepnre 
Ills own extracts 

The section bv Dr VTnDcr on Rronclnnl Vstbmn is a complete monoprnph in itself 
Followinp n xerv comprcbcnsnc bistorienl "urics, tbc nutlior presents n cnticnl nnnUsis of 
nil cn'cs nntopsicd ns dentbs from uncomphented nsfbmn, reported to dnte Tbc clinienl stir 
vc\ inclndes discussion of trentment Tbc Inst section of bis ninnoprnpb presents the most 
comprclicnsivc cnciclopcdin nt present ninilnblc on nllerpens, nnd tlie substnnecs info wlncb 
tbei may be incorporated unknown to the patient 

The section on Ilnr Fever, likewise n monoprnpli, br Dr Tliommen, is similnrli most 
complete in itself The historical survev is excellent nnd pocs into far more detail than am 
of the other available reference volumes Tbc section on tbc botnnv of plants which cause 
bar fever fills a need which has been bndlv felt for some time It is profusclr illustrated 
With press specimens nnd photomieroprnphs of pollens The final section denis with treatment 


Recent Advances in the Study of Rheumatism* 

'^HE senior author in this review of the Eccent Vdvanccs Senes which is being published 
bv Blakisfon is well known for Ins pioneer work on rheumatism Dr Poynton was one of 
the earliest investigators on the bnctenal etiolopv of arthntis In this volume the authors 
contnbute a critical review of the recent investigations that have been made toward the 
studv of the etiologv of acute rheumatic fever and chronic arthntis In their presentation 
tliDT incline toward the acceptance of the evidence that bactcnal infection plavs a major 
part although thev accept the cqunlh definite evidence that metabolic derangements accom 
panv the rhenmatie state The prevailing tendenev today is to consider rheumatic fever as 
due to streptococcus infection and probablv due to a vanety of streptococci rather than to 
one specific organism The weight of evidence indicates a state of allergr to the infecting 
streptococcus, and, once the allergic state has been developed, a group sensi*i2ation to a 
number of streptococci While the most convincing evidence to this end lias been produced 
in the studv of rheumatic fever, the analogv in chronic arthntis is brought out and the pos 
sibilitv of allergy plaving a part along with streptococcus infection in chrome arthntis is 
further discussed In this latter disease, however, organisms are found much more freqnentlv 
in the joints and in the blood than in acute rheumatism The authors do not accept 
Crowe’s staphvlococcus as a cause of arthntis 

The review is altogether inclusive and the authors are to be congratulated on their 
ability to put as much informahon and as broad a discussion of this great field into as 
small a space as they have succeeded in doing 


„ •Recent Advances in the Studj of Rheumatism Bj Frederic John Pomuot, xr-r. 
PR CP (Bond) and Bernard Schleslneer MA M D (Camb ) ITRCPcLiiav - - D 
trattons Cloth Pases 313 Philadelphia P Blakiston s Son &. Co , Inc 1931 
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EDITORIAL 


The Treatment of Nephritis 

T he pioblem of tlieiapj in nephiitis depends foi its aiiSMCi upon tJie answei 
to the question, What aie m e ti eating? Tlieie is still much that ue do not 
kiioiv legardmg the natuie of iicpliiitis and in many lespects the tieatment still 
lemains einpuical Piom time to time now lemcdies have been suggested usualh 
based upon a netv tlieoij" and uiged foi use chieflj'^ in an attempt to piove the 
validity of the theoiv Thus todaj we obseive men uiging the alkaline diuretics 
and otheis equallj insistent on the value of acid salts Cuiiously both pio 
ceduies pioduce results in individual cases 

In brieflv levuevnng the leccnt concepts of theiapj we will foi convenience 
consider the subject undei the following headings Glomciulai nephritis, 
uiemia, edema, and arteriosclciotic ncphiitis aecompaiiv iiig essential hjpciten- 
sion 

GLOMERULVR NEPHRITIS 

Of all these conditions glomeiulai nephiitis is the only one in which vve 
cousistentlj obseive tiue inflammatoiy leaetions in the leiial paieiielijona Al- 
most invmiiablv it is associated with bacteiial infection and as a lule it is de 
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jjeiulont upon oilluu sonic j)iimii\ focus of infection clsiwlieic in tin. bo(l\ oi 
an .mtcLCilcnt .icnle nioic ot les.-, penci.ilmd infiction (ilomtiulii ntplnitis 
in.n be fooil in disiiilmtion or it inn be diflusc It non lie .icnti oi cbioiiit 
The oiitstamlnm niinan fiiubii" wbitli distinunislies it Jioin tlir other 1\pi‘ 
of neplirilis is the pieseine of blood and nsndls pns The ])iiinii\ iciinisiti 
111 tieitinent is n.itni ^I1^ to iiiinne the oinrin.il soniee of inleetioii in so f.ii 
IS jiosMble Tills iinohes i thoion"li stmh foi iiifietions foei 

The jnoplnlKtie tu itnnnt n of dendtd iinpoitince siiue in c\ei\ .Kiite 
infeetions dis( ise nc iinist lu ii in mind tin ])os'.ibilit\ of frhmieinlni lupliiitis 
as a soeinel The \soik of Osman and othei'. who claim that the idmniistiation 
of alkalis dmintr fc\oi leads to an innuntint dimmution m the nnmbu of eases 
of subseepieiit iiejihiitis is is \et nnsiibstniiti ite d but is of the cricitest impoi- 
taiiec if foiiict Snell tieitnunt aiiioiiiils to the .idniiiiisti itioii of bicaihoiiilc 
and citiate dniinir the first netks of am seeeie infertions feeci in suffieieiit 
dosa'jc to leiidei the niiiie Inieh aikalmo The s^mt ma\ be aecomplislied In 
sclectiiicr foods nhicli tend to inodiiec an alkaline mine such as milk, the citius 
fiuits apples, baiian IS, potatoes melons, peaelics, peis and be ins, cabbage? 
(allots canliflonei, celcn etc iiid the acoidanec of acid producing foods such 
as nbcat floui, oilmeal nee, ogirs meat fish, feml md oistei-s Tins tieatment 
carries nitli it appaleIltl^ no iisk and appe^l 1 ^ to be of distinct propbe lactic 
nalue 

Where the kidiiec is alieade imohcd in a glomciulai nephntis, cspeeialh 
the difliiso tape as nineh lest foi the organ ns is possible should be obtained 
In limiting tlie food intake to the minimnm necessan foi tlic maintenance of 
nitiogenous orpiilibnuni Foi a maintenance diet an adult should reccne not 
more than 50 oi 60 total gm of piotein dailc Tables aie now acailable in 
Minch the piotoin \aluc of a\eia 2 e helpings of diftcient foods is recorded, nbich 
gicath facilitates tiie aceniate contiol of the diet In an acute glomeriilai 
neplnatis as in niemia the protein intake should be still fmthoi restneted to 
about 25 or 30 gm dad' 

^lierc glomciulai lupluitis has dcceloped, a slight!' alkaline mine prob- 
abl' leprescnts the minimum dcgiec of lenal actint' and foods and alkali 
should be adjusted to this end 

In focal glomcudar nephritis the lenal manifestations are usualh so mild 
that the' do not iccpiiie special treatment The tieatment consists primarilv in 
icmo'nng the ongmal source of infection 

UREAILV 

Uremia represents a profound distuibance of the chemistr' of the bod' 
fluids as tlie lesult of the faduie of the kidnevs to perfom their normal func- 
tion At the present time thcic is no conclusne evidence that uremia is asso- 
ciated "nth the piesenee of a foieign to\m oi poison It merely represents the 
accumulation of noianal vaste pioducts The proportion of accumulation of 
these products depends upon the noi-mal concentrating eapaeit' of the kidnevs 
Thus the kidne's noimall' can concentiatc uica about 65 times caleium onlv 
In times Loss of coneentiatmg eapaeit' "all sho" up m measurements of 
niea much soonei than in mcasnicments of calcium Bet" ecu these t"o extremes 
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we find that phosphate is coneentiated 50 times, cicatmiiie 35 times and chloiide 
1 5 times 

The tieatment of uiemia b\ piomoting evcietion tliiough othei channels 
IS logical The bowels should he kept w'cll open w’lth saline oi vcgetalile puiga- 
tives hut not wnth calomel Sweating is desiiable w'hcn the lesponse is lapid and 
the heait is not too hadh" damaged A slow lesponse to sweating in hot an 
baths IB often most exhausting Venesection is oi doubtful 'value except for the 
lelief of caidioiasenlai complications Liimbai punctuie is often dccidcdlj 
helpful espeeiallj in hvpertcnsn e ncphiitics with impending coma ''Vheie the 
spinal fluid is undei deeidedh inci cased picssiue, Inmbai punctuie should be 
lepeated at two oi three houi internals 

The dyspnea or, moie aceuratch, hvpeipncd of uieniia is due to a tiue 
acidosis but not, as in diabetes, the icsult of accumulation of abnoimal acid 
bodies Instead it is consequent on a loweiing of the alkali lesen'C due to 
accumulation of acid phosphates Wheic hjpeipnca exists it should be col- 
lected bi the administiation of sodium bicaibonatc in doses up to one teaspoon 
ful houilj It IS w'oitln of note that the acidosis of uicmia is often even moie 
seveie than that of diabetes The ahcolai eaibon dioxide tension sometimes 
leaches a figure as low as nine or ten 

We do not Iniow piecisely the cause of uicmic twitchings and convulsions 
Tliere is howevei v\ell authenticated evidence of a diminution of calcium in the 
blood paialleling the incicase m phosphates The blood calcium may be as low 
as 6 mg per 100 c c 

There is evidence thciefoie that the tvntchings of uicmia aie associated 
wuth calcium defieiencj^ and theiefoic analogous to tetany The administiation 
of calcium pieferahly in the foim of calcium gluconate inti amusculaily oi 
intiavenousl} for the treatment of uicmia is theiefoie logical It maj'^ be 
given in one gram doses houily foi thiee or foui doses 

Coma associated wnth uiemia is sometimes due to an actual eeiebral edema, 
and w'hen this is the case it mav^ be combated wnth hjpeitonie sodium cldoride 
intrav enouslv in doses of 30 oi 40 c c of 30 per cent solution In many^ cases 
this has pioduced a leturii to consciousness 

In ti eating uiemia vvheie the case has not been studied pieviously, it is of 
the greatest importance to be ceitain that it is of renal oiigin We should 
alwa3's beai in mind that obstiuetion of the uiinarj^ tract will pioduce a much 
faster inciease in blood urea and nonprotciii nitiogen than will nephiitis A 
Indney will still maintain a noimal blood nitrogen content wnth 75 pei cent of 
its stiuetuie destioj’'ed Complete ohstiiictton however will pioduce rapid blood 
changes It is therefoie of importance to rule out pathology in the pi estate 
or uiinarj'’ tract, intestinal obstiuetion, and congestion of the kidnej’’s due to 
cardiac failure 

EDEMA 

Edema maj' be of caidiac origin in which the tieatment with digitalization 
and one of the coionaij’^ dilating dings, espeeiallj’’ the puiine basis, such as 
metaphyllin and theocalcin, is obvious 

So called lenal edema is met vvnth both in pure lipoid nepliiosis and m 
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glomerular ncphutis The un.il clungcs m neplnosis appeal (o he setondan 
to basic patlioiog\ m the tissues ami cipilinies The chief tiouble m the 
kidiuns consists in cholestenn deposits m the tubuUs Theio is no cMdcncc of 
inabilit\ on the jiiit of tlic kidne\ to cMictc nitiogenous siibstnnces A diet 
noli in nitrogen is tlieicfoic desiiablc to loiniunsate foi tin abnoiinal loss of 
nlbumin fiom tlie blood stir iin It is in puic liiioid miihiosis th it the I^pstcm 
Inch nitiogen dut is iiulu ited 

In addition iiiei in cipsules in doses of fioin I'l to 100 ginins daih pio 
motes diuresis Anothei essential fcatuic of the l^pstiin tieatment is the ad- 
mnnsti ition of tliMoid estiact It should be gneii caiitimish nl up to ') 
grams diih ami if no s\mptoms of injieilin loidism lesult the dose uiae be 
increased and mav it times hi gntii lu i (iuinti1\ as gicat as faO grains daih 
uitliout untouaid lesiilts \\c sliould nuntion lio\\e\ci iiaicntbeticalh that 
thei'c aie obsenei's who doubt tint the low nut.ibolie latt obsened in ncphiosis 
IS a tiuc obsenatioii These heluwe tint the incu.ise in weight fiom water 
logging of the tissms giees a fimtioush low cakulation 

According to Kpstein tlu fii-st indualion of benefit fiom Ins piogiam of 
tieatment lies in a ledmtion of tlie blood ebolcsteiol and fiequcnt ebolcsterol 
detcniiinations aic tlieiefou dcsiiabk Wt would cm])liasi7t that pine nepluosis 
IS ^cl\ laie, that most cases diagnosed nepluosis aie actiialh cases of nephritis 
mth imoUcmcnt of the glomeiiili as well as the tubuks and that in the late 
stages the^ decolop h\ peileiision and die of iiicmia Tlie high nitrogen and 
tluroid cstract regime dcseiihcd aliocc is onh appiopiiatc in tuie nepluosis 

In glomerulai ncpliiitis edema is fiequcnt and e\en though In pcrtension 
and nitiogen ictcntion mac not he pusent thee nsuallc dec clop latei In this 
case a high nitrogen diet and the administiation of nrc.i must be emploc’od 
ccath evtieme caution if at all Othci means of combating the edema aic prefer- 
able Heie the salt fiee diet should be applied Food tables are readilc 
acailable listing foods of low salt content and, without great tiouble to the 
doctoi 01 the patient, dietaiies mac be ariangcd cchich contain less than tcco 
glams of sodium ehloiide daih Fuithcimoie, foitunatelc such diets usually 
tend to pioduee an alkaline in me 

Diuretics aie not indicated in the edema of glomerulai neplintis Their 
calue lies in the tieatment of caidiac edema centh passice congestion of the 
kidnecs, and of time nephiosis lleieunal dimetics should be acoided in evei-c 
fom of nephritis If the edema of glomeralai nephntis does not gradualh' 
unpioce aftei lemocal of the oiigmal ^ouiee of infection alkalization to 
lender the luinc baielc alkaline, salt pooi diet, and a ledueed fluid intake, 
then the Osman diuretic tieatment ccith alkali mac beveic eautiouslc instituted 
Osman’s stock mi\tuie consists in 15 giains each of potassium citiate, potassium 
bicarbonate, sodium citiate and sodium bicaibonate in equal parts of pepper- 
mint ccatei and chloiofoim watei to make one omice This mixtuie is approxi- 
mated in the piepaiation called citioeaibonate The dailc dose of alkali is 
180 grains of total alkali, inei easing be 60 to 100 grains dailc until the unne 
IS alkaline, centh a hcdiogen-ion eoneentiation of 7 0 to 7 6 This enU sometimes 
require a total dosage of 1,000 giains daily The increase must he continued m 
spite of increasing edema — alkalinitc of the uime being the one entenon of 
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sufficient dosage Full dosage should he maintained until edema has entnely 
disappeaied, uhen the alkali may be caiitiousb i educed liA 100 grams CACn 
tliiee dajs If tetain occuis as a result of this alkalization the dosage should 
be 1 educed be one thud and calcium should bo gn tn intiamusculaily CA'cn 
tuo houis foi seecial doses 


HYiuRTENsni: nffiikitis 

The tieatment of tlie leiial changes associated uith essential hvpei tension, 
the so called aitenosclciotie kidnei oi gianulai kidnej oi contiactcd ludncA is 
entiieh a mattei of the tieatment of the oiiginal In pel tension — at least until 
the teiminal stages, ivlicie ye aic faced Aiith the pioblcm of uiemia The ticat- 
ment of essential Inpertension scaicclv falls yithin the picsent discussion Oiii 
piescnt undeistanding of this condition is that it is due to an obscuie infection 
01 intoMcation in an heicditaiih piedisposcd indnidual 

Fiom this icMcw of the tieatment of nephiitis it betomes appaicnt that 
the appiopiiate tieatment foi one ease mai be cntiieh' inaiipioiuiatc foi an- 
othei This is cieii tiue wheic ue aie dealing with a single manifestation 
such as edema The piojiei tieatment thciefoie depends upon a icri intimate 
undeistanding of the clinical pathologi of the condition uhich ye aie attempt- 
ing to tieat 


KEFERENCES 

Osniau, A A Guy’s Hosp Itcp 78 380, 1027 

Bennett, T I Neplintis, Its Problems and Tieatment, Osford Uni\crsit\ Press, 1020 

—11 T r 


Medical News 


Di II Waiien t’loye DM, D Ch (0\on ) K S C LECP ot Eng 
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and bcfoie mc liad time to nica&nie the eolJ'; Ten men of the senes had no 
speiinatoAoa at all 

Table I' jii the last Ihiec columns gnes the simple function of the graphs 
obtained in the noinial cases It amII be seen that onlj in a feii instances doca 
the standaid deviation go a1)o^c 1 5 and in only foiii cases is the coetlicient of 
laiiation abo\c II, and in onh tvo of these cases (Cases 37 and 41) above 115 
In Case 41 it took tvo months foi the noinaii to coneene so that a slight degree 
of impaiied idtilitv inav hcie he piesent, althougli ne did not feel justifiedin 
CAclnding the case fiom the noinuil list Case 37 vras clinicalh absohiteh nor 
mallj lei tile The high coefficient licic may howevci he due simply to random 
sampling as a fev isolated laige cells ncic found in this case Fig 1 (Case 92) 
shows an even inoie marked example of tins Such isolated, markedlj large or 
small colls nun nsualh be found in am, even the most normal specimen, and 
while such cells aie of com sc included in tahnl.iting the moiphologicallv abnor 



rplK Groph from a nonml en'o showing se%oml Isolntcil < 

the obt'ilne/CTir\es^™° rejected trlUiIn renhon vhen cnlculating the lu 


mal forms, they really should be dioppcd lu calculating the mathematical nno 
tions of the giaphs, since they acquire a weight cntirch out of proportion 
their value, as then distance fi om the mean is sqrrai ed and thus greatly 
the sum from which the standard deviation (which is one of the factors m 
terminmg the coefbcient of varinbilitj ) is calculated One must, of course, 
on his guard in rejecting any data obtained, and if a numbei of vory 
small ceUs are found repeatedly m a semen specimen, these undoubted v ® 
significant as indicating a disturbance of spermatogenesis and must never 
dropped Such sperm cells may, ui fact, constitute a true tail of the gr«P ’ 
whereas in the other cases w e are deahng only with an apparent, or pseu o 


metrical result^lr? the "’“Stntlon of the vaj tte tabulated our 

omitted to save suaoe paUents In this series Tables for the other B 

ve space Onlj the results nlll be giten here 
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Tables II, III, IV and V ol the oiigiiial aiticlc (not lepiodueed licie) sboi\ 
m their aveiages of the simple functions of the graphs no significant vaiiation 
of the mean, lelatnelj slight vaiiations in tlie standaid deviation, but most 
inteiesting diffeiences in the respective coefficients of a ai lability 

In 11 couples of impaiied feitihtj and elinicalh abnoimal wife the coefS- 
cient of variability aveiaged 10 336 zt 0 287 In 30 couples vith impaned fer- 
tility but clinically noimal v oman the avciage was 12 252 ± 0 337 In 29 steiile 
couples with clinically abnormal mfe tlie tigme is 10 557 ± 0 279, vheicas in 
34 steiile couiiles vith clinically noimal vife the coefSeient of laiiabihtj rose 



Pig: 2 — C'ise 62 Gr'iph from a m'ln %\ith a nonnal breediner record Coefficient of \firia- 
tIon== 7 S25 ± 0 215 

to 13 082 d; 0 350 Comparing these results vitli oiii noimal groups and con- 
sidering the unaioidable disci epancies which must arise in ai ranging all oiii 
eases only from the woman’s side, the results show a veij beautiful agreement 
In our normal cases and those eases Avheic the voman vas abnormal, our co- 
efficient of variability is hardly above 30 5, ivhereas in those cases where the 
woman was clinieallv normal, the figures aie above 12 and 13 

The diffeiences present in the graphs from piesumabty normal and abnor- 
mal men are made even more evident by Figs 2, 3 and 4 Fig 2 is from a normal 
man, Fig 3 from a man whose wife though clinicallv noimal never conceived, 
and Fig 4 is from a man who had been mairied before and had four normal 
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Fig- 4 — Case 105 Graph from a man married elv jears to a ^\oman wiUi marked otarian 
deficlenc-i From a former marriage this man has four normal children the joungest seten 
jears old Coefficient of variation = 9 C08 ± 0 205 
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Pig 5 — Histogi-am shotvlng the distribution of the coefficients of aariation of tlie sperm 
head lengths in the 36 normal cases 


mo^rIT^I( \u ‘^Ti oti--' or rrr \» rr Noritv or nt ^t\^ '-ft f(u\Tf)/ov 


m 


diildron from liis lirst wifo nml now mnrned n^am si\ \cars willimit the 
woman linMinr con(ei\<'(l she was thnt\ ^ous old, and had a definite o\anan 
d^siiinction 

Since it IS imprutnal to rt'inodine here more tlian a few ilhistratue graphs 
we ln\e arianired tlie roefiuionts of \arntion of all our cases from the lanoiis 
groups in the form of liistonranis whnh seem to ns \ei\ insfructnc The\ are 



, C~ni'iloptnm slio^sinj; tlic di«tribiitlon of Uk* cocOlclcnts of \arHtlon for sperm head 

letifftn in 11 ct« s of Impilnd f^.^tllit^ \\hcr» Ui< woman was cllnicall} abnormal 



, Fig 7 

length in 2a 


— -HistogniTn showing the distribution of the coefficients of sanation for spArm head 
cases of Impaired fertility where the woman was cUnican> normaL 


arranged in class units of one, since this unit is two to four times the usual 
probable error, and thus mathematicaUv of importance In Fig 5 from Table I 
we have the 35 normal cases which were calibrated We see at once that these 
cases group themselves m a fairlv svmmetrical almost normal or Gaussian cuive 
with a mean hung between 9 and 10 In Fig 6 we have too few cases to expect 
the normal frequenev distribution, but we see that here again more eases are 
below 11 than above it, and only one ease above 12 In this last case (Case 104) 
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the bieeclmg lecoid was difficult to deteimine, but theie is strong eyidence that 
the man was abnoimal, as he had been mairied before and liis fiist wife also had 
ue^e^ become piegnant In some of the cases between 11 and 12 outhing cells 
ueie piesent, besides m some of these the husband, as ucll as the uife, maj’ have 
been of impaired fertility In Pig 7 we see a decided difference fiom the two 
pieAuous histograms In the fiist place, although theie are almost as many cases 
as in the normal group, there is no noimal frequency distiibution, and second, 
the y eight of the giaph lies above 12 At the same time, a numbei of the cases, 
13 all told, fall belou 12 and even belou 11, and theiefore uithin the normal 
limits This IS easil\ explained Wliile it is geneiallj true that the biometries 
run moie or less parallel to the morphologic tables, this is not necessaiily so A 
cell mar, foi instance, be nan on and misshapen, and still be of normal length, 
and yitli many such cells piesent in a specimen, the calibiation mil give good 



8 — Histogram slio\\irig tli^ distribution of the coefHcients of \ariation for sperm 
head lengtli in 26 causes of steriliU A\hore the woman was clinicaUj abnormal Note the rela- 
ti\elj normal frequency distiibution 

results The coefficient of variation thus is of laliie onh' vhen it is bejoiid the 
normal limits It might be thought of, theiefoie, that not onlj the cell head 
lengths should be calibrated, but also the vidth of the sperm head but the qiies- 
tion then arises uhere such width is to be measured If ve simply take the broad- 
est pait of the cell head, the important tapenng foims vliich mav be aud often 
are of normal vidtli anterior Ij Mill escape, and if vc do not take the broadest 
part of the cell, it is hard to designate any point at vhich the measurements 
are to be made Gained to the extreme, one Mould hate to make three dimen- 
sional measurements of each sperm head, Mhieli is of course out of the question 
In general, the head length alone will be sufficient, since it must influence, ex- 
cept in rare and unusual eases, the volume of the cell head, and thus the amount 
of nuclear material piesent, and in a case where the biometiics really seem to 
fail, the moiphologic examination is aluais available as an indicator Thus in 
7 of the 13 cases ivith a fairly Iom coefficient of variation the eidologic clianges 
Mere marked In five of the remaining eases abortions were a dominant feature. 
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nwl tlicsc iufi\ pciliiiji '5 h<nc boon dm* to vniio iiiidct(*( tod {ibiiorriiidi(\ of tho 
\iomaii The Inst ease (Case ")) ^\as also one of impaired fertilil\ Mliere se\iial 
o\crloadin" n\n\ ]ia\e p1n\ed a role 

In Fi" S where the men A\ore presumahK noimal ^\e n'rnin ha\c a prae- 
ticalh normal frcqiienc\ distrihution cfiiterni'r around 0 and JO nitli onh too 
cases he\ond the normal limits and iis stated aho\c there is no reason mIi^ ti\o 
abnormal or sterile people ma^ not he matned to one aiiotlnr In Fi" 0 iie 
lia\e instead of the normal frernieiiL' distrihntion n decided and positne skei', 
and again as in Fig T the eight lies on the far side of 12 onh secon cases 
being Mitliin the extreme upper limit of the normal Case J2 (coefficient of 
variation hetneen 8 and 0) x\ilt he taken np separateh later Of the remaining 



, the dKtiibutlon of the coeHlrients of \anatiQn for sperm head 

lenptn in 2** ca5e5 of «5teriljt’» uherc the uoman whs chnfcallj normal Note tJie irreinjlar fre- 
Quenej distribution and decided skc\% to the positive «!de 


SIX cases, five showed markedh abnormal cj-tologv and the last one (Case 22) 
was apparentlv unexplained, although the head changes minus the size changes 
Were higher than in the normal cases 


SKEWXESS AXD TYPE OF CUPVE 

Aside from the simple functions of the graphs alreadv guen, there are a 
number of other functions which are significant in biometrics One of these is 
skewness, or unequal distribution of the population, producing a lopsided curve 
Fig 10 mav sene as au example Here we haxe a positne skew, tailing off m 
the direction of the larger ordinates IVe have, therefore picked out of the 12 
normal cases whose graphs appeared most skew, and anahzed these graphs and 
baxe done the same thing with 12 of the abnormal cases, espeeiallv such as pre- 
sented no explanation for the impaired or absent fertditv, since both husband 
and xnfe appeared normal Table II gives the complete mathematical analvsis 
of the 12 normal cases and mav sene as an example It is to be noted, however 
that the curve tx-pes are hut rude approximations, since with such a sinaU popu- 
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lation as 300 tlic jnobabihtios oi oiioi fio<iiUMilh bdoino so lai^o llint two oi 
three difTorenf foiins of I’eai'-on s t\po cui\es (oukl be fitted to tlie olitaiiied 
data so that Me snnpl\ liad to eboose tbit one wliub seemed most lofrunl * “ Due 
to tlic carrMUcr of a pseudotnil ]iroeluted bi isolated eells in out c.ilciilntions 
some of the graphs ajipi oaeh tile IrIci ot\ pie ciiiits (Case'll for e\am]ile) 

One thill" boMe%er did staiul out fioiii oiir tables n.inieU, that the normal 
cases shoMed more eleaih iioimal cniies (Txjic 7 of Pearson) tbaii the abnormal 
cases 

In Table III mo present the skeMiifss factors and the i elation of tins func- 
tion to its probable crroi Atcording to Peail'" tbe \aliie of the sUeMiiess factor is 
unimportant unless it amounts to at least foin times its jirobablc error This 
M'e see is not so in am of oiii noiiiial men so that these tan be considered dis- 
posed of immcdiat oh Our abnormal c iscs hoMccer sIiom four instances Mhere 
the skcMncss factor is more than fom times the piobablc ciror In case 101 



(Pig 11) it IS so sbghth aboie 4 as bardh to be significant, and m addition, this 
curve IS sken- soleh because of random sampling We hate on re calibration 
found smaller sized cells than the smallest in the present curve, but thought it 
interesting to shoiv this figure in oidei to call attention to the possibilitv of arti- 
ficiallv produced abnormalities The remaining three graphs (not reproduced 
here), hoMeier, showed definite skewness In two of these, Cases 32 and 109, the 
evtologv of the semen was bad In one of these two the coefficient of variation 
M-as also bevond the normal limits whereas in the othei the onlv definite abnor- 
mahtvinthe biometrics was the skemiess This case (Case 12) is, however ex- 
tiemeh interesting This was one of our unexplained cases The wife, married 
for the first time one and a half vears ago was normal except for a moderate 
retroversion which we did not deem a sufficient explanation for the existin" 
stenhtv The husband had been mairied nineteen tears ago for the first time° 
and although no contiaceptne had ever been used his mfe onlv had had one 
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tvblf in 

Table Snotvi\G Skeainess and Eelvtion to Probiblf Ekpof of This roNCTioN i\ Even 
Case on 12 Normal and 12 Abnormal Cases of Tablfs XI and Nil 


^OR^^AL CASES 1 

ABNORMAL CASFS 

CASE ^0 

SKE^\^ESS 

1 

\ P F 1 

CASE ^0 

SKEMNESS 

X r E 

27 

-|-0 153S37 

3 23 

44 

—0 000175 

0 003 

41 

—0 OOG30S 

1 IS 

124 

-f 0 014297 

0 30 

52 

+0 023354 

0 49 

138 

-fO 069322 

140 

40 

+0 005203 

0 10 

109 

-fO 545100 

6 03 

125 

—0 017954 

0 3S 

07 

—0 108474 

130 

51 

+0 087290 

0 73 

99 

-j-0 598295 

3 04 

37 

+0 129709 

2 71 

12 

-f 0 297001 

5 02 

134 

-1-0 075223 

152 

32 

-f 0 293302 

4 58 

oO 

—0 032070 

0 00 

101 

-f 9 192488 

4 08 

6 

-f-O 200703 

1 03 

107 

-f 0 380051 

3 95 

92 

-1-0 111255 

2 01 

2-1- 

—0 127331 

2 02 

119 

-fO 111303 

2 33 

[ 3d 

—0 118704 

2 26 



Fig- 11 — Case 101 Graph from a man married to an abnormal aioman Skewness factor 
onlj 4 OS times the probable error Seminal niorphologj good Coefllcient of \ailatlon S 475 
± 0 237 Ske^^ness due to random sampling- see te\t 


abortion of ti\o months one year after raariiage, and a normal child five jeais 
after marriage In 1915 this man was sepaiated from his first wife and maiiied 
the piesent one The semen examination shoned a normal moiphology and a 
(noimal) coefficient of variation of only 8 5, so that we veie at a loss to explain 
this case until oui complete mathematical analysis i mealed the high skenness 
factoi It mai’^ perhaps be doubted that such a delicate factor as skewness, the 
result solelj' of advanced mathematical analysis of the frequeney distiibution 
polygon, can be significant At the same time it must be remembei ed that skew- 
ness can only be pi oduced on tlie negative side by an unusual number of under- 
sized heads, and on the positii e side by a gi eat numbei of abnormally big cells, 
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'!()') 

and 'iiiuo nn si"iiifi(nnl di^-toi tiini diii to tlio iiKscino of sin li sfinrin linads i^ 
found in tlic <0111011 of iiorinni i I'-o'; tlio « onditioii I*! nhiioriiMl 

rorr.rr \Tio\ 01 r.vTioinToia wn < i imom, i)\t\ 

Til iino^ti^ntiii" tlio diiiK il liistorio< of oiir infiriif'' iiftor tlio <onion c\- 
amiiintion M i< coinplofcd it Masroili\ i<toiiiidiii"' to <00 linw clo<fl\ 111 tlio "root 
iiinjorit% of ca<os wo loiild pnditt tlio iliiiioil lirodliiij: rotord of tlio oa«‘ from 
our niicro<cojiic fiiidiii?< o\0(|it of coiirM* in IIkko ns<< whoro wo toiisidorod 
tlio luiduind nornul hut tlio voujilo hid a lud liroodiii" roiord duo to <omo 
patliolofri of tlio wifo Tn tliii< lookiii" iiji tlio < liiiionl Instore nftor wo had 
coniplotod onr Inhorntori m\0'-ti'riitions wo hopod to o\eliido nil <iil)io( fu it\ 
in the intcrprotalion of oni fiiidincr< AVo will liowf\or not dcin tli it a cor- 
tain anionnt of <iilijocfn it\ ni<i\ 1i,ho ontorod into the intorpiotntion of the 
cliiiionl histonos At tlio <anif tinio wo tried as niinli a< po«il)lo to aioid flii< 
and to jiidae a^ iniparti.ilh as wo could whofhor or not the minor losions which 
the woman at times prosoiitod <ould po'.sihh c\pl 1111 the nhnornialitios of fer- 
tility found in the ennplo Wo do not at all doin that in thus pidLuiifr onr cases 
we may not liaye erred 111 sonic At the same liiiio seiiiiiial iiiicrnpatholofrw and 
clinical breediii'r record atrroed so closoh in the \nsf majority of onr ensas that 
we can liardlv consider the possibility that such afrrcenioiit yeas the result only 
of misinterpretation of the clinical records Besides such niisinterprctat ion is 
really possible onh in doubtful cases and haidh in those where the couple had 
normal children in rapid succession or had none at all 

Because y\e ycantod to ayoid the subioctiyo influence as much as possible all 
special c'srminations on the yiomoii yyere also doforred until the semen yyas e\- 
amincd Xatiiralh in so doin" wo at times liad disappointments inasmuch as a 
man whom yve considered of "loath impaired fertility y\ns found to be mated 
to a yyoman yyho had closed tubes Thus our yiliolo yiork on this case yyould be- 
come useless as the man’s fertility yyas not determinable Such results are 
however to be expected from time to time 

In most cases the morpliolofrie clianpros and the coeffleient of yariation ran 
more or less parallel but it also occuned that the specimen showed a poor mor- 
pliolojnc picture and gave a good biometric result Tins lias already been ex- 
plained On the other hand due to small graded size changes, tmappreeiahle 
under the nucroscope under the magnification employmcl in tabulating sperm 
morphology an apparently good cytology may he present yvliereas the biometmes 
^how up marked size differences and result in a high coefficient of variation A 
normal cvtologie 01 biometric result bv itself therefore means nothing but an 
abnormal one in either case becomes significant 

In doubtful eases it is of yahic to connt the abnormal sperm heads nunns 
their size changes as large numbers of narroyv tapering or misshapen cells are 
very important Wlien the figures for this last count go much above SO or 85 
per 1000 the man is at least to be suspected to be of impaired fertility In Case 
'G, for instance the woman yvas normal, but did not conceive for a number of 
months despite normal sex relations Tn this case the head changes approached 
200 per thousand, the head changes less the size changes were 85 per thousand 
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and the bionietiics, •\\lule 'well -^Mtlnn noimal limits, -weie at least above the 
average 

It seemed to ns that those cases 1111616 both the morpbologi’- of the semen 
and the biometrics gai e model atelv high figui es i\ ei e of lowei fertilitj- than those 
ivbere only one of these tii o means of examination gave equally high results 

For oui studies patients iilio had been mairied hefoie ivere espeeiallj de 
sirahle "We had, hoiveiei, only eight such cases (Cases 7 11, 12, 49, 54, 77, 104, 
and 105) Of these cases, Case 12 has been discussed under skeiniess and Case 
11 (spenn motilitj lost after an attack of influenza) -will be taken up later Case 
54 IS inconclusive smee both hiishand and uife veie abnoimal In Case 7 the 
■woman had noimal children from a pievioiis mairiage, and now was apparently 
sterile The semen n as pooi according to onr standaids In Case 49 the woman 
had been piegnant in a previous and the present maniage, and non had closed 
tubes, appaienth aftei an abortion The husband -was normal In Case 77 
the voman now maiiied without becoming piegnant, -was noimal and had been 
pregnant in a piemous marriage Aecoiding to onr standards the second hus- 
band -was infertile Case 104 has already been discussed Case 105 is shown in 
Fig 4 and its legend 

As mentioned in the discussion on bionietiies thcie were among the total 
niimbei of our patients some in vhom -we could offer no explanation for the 
infertility This is only to be expected In fact, v e would hai e been extremely 
suspicious of 0111 methods of imestigation had all the cases followed the rule 
■without deviation Among the 141 married couples examined bj us theie were 
104 (141 total niimbei less the 37 noimal) of inipaiied fertilitj and steiilitj 
Counting all, eien the paitially unexplained instances of impaiied feitility, we 
had onlj eight couples in vliom no assignable leason foi the disturbed fertilitv 
could be discovered In all of these the Avife w as apparently normal It is true 
that in four of these eight cases ve did not examine the voman, but she vas le 
poited to be normal In one of the eight ne leally had a lather high cell count 
and biometiies so that this case may peihaps be paitially explained In two 
otheis sexual oveiloading was piescnt, but the semen showed onl 3 ’' changes well 
within noimal limits One case (Case 20) sho-wed a condition 11111011 ve believe 
is not infrequentl}^ met iiith This woman after an appaientli traumatic first 
miscariiage had othei spontaneous miscaiiiages, all about the same time as this 
one We can olfei no explanation whatsoevei foi this 

It IS we think exceediiiglv interesting that of our unexplained cases seven 
iieie in the gioup of impaired fertility with abortions as a prominent feature, 
and only one (Case 22, ahead} referied to) in the sterile gioiip To us it indi- 
cates that the aberrations of the external indicators of noimal ovulation (men- 
sti nation Amginal floia etc ), when of sufficient degree to cause steiility in the 
female, are generall}^ easily recognizable 

Although thus among 0111 21 couples in wdioni spontaneous abortions oc 
curied, there ivere six (Cases 5, 20, 44 67, 82, 138) where no explanation could 
be elicited including Case 67 with seieii, and Case 20 with five spontaneous 
abortions it is not without weight that the sperm head abnormalities in this 
gioup aveiaged 200 pei thousand while the coefficient of A'ariatioii was 11 571, 
whereas m the intermediate gioup, where the woman was abnormal, the aveiage 
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iiiinilni Hf spurn !m'h 1 n^^ln^rIluhtus p«r lliitusiiul ^\Ils <tnl\ 1)*' inid tlu’ ('• 
cfluunt (tf \ iiMlion but T> 'I Ills woiil.l ml Hiih s, , in to iinln it* n pnr 

luip.Uioii on till' pirt of ilio null in tin' proiliiitniii of tins- inPiinplions of 
"('stilion *siuli p n tu iji ition i in nntnrilh lx onl' ot tin nnliin of ini pliisni 
(kfods niil niisi s till' (pii st loll JisKt iIIh om of ns iM i lx fon mIkIIhi tin 
pmhnts of -isi ition in smli < is,s no not inlnrinth .ilnioininl nml nlx.ilions 
onl\ nn ittoinpt on tin put of \itni' to pi(\(i\t iltnonn il otTspriin^ Tivintr 
to pro\i'nt .iliortions ihn to tlo'si ( insi s thus lx i onus \ jiiotiiliiK of donlitfiil 
Mine mil stiosv.v tho flit tint lx>fon .ittoniptnn' to lii it • ms of Imlntnal 
iliortion noninst u.nl onrsiKisof i\oi\ po^sihb ni< tlmil to di li v mini tlm ninlor 
iMinr c1io1ol:\ nulnihm .i > mini (\.innnition of tin* linsltiinl l!\iiiitnl inoli 
and otlior idinoi unlit u's of tin m station d inodints lonsidnid in tins litrld also 
take on a difin nit asput Imt nnfoitnn.iti \\ \\itli tin iMiption oft ,isi '( > (witli 

r( pi it I'd fi't d alinoi unlit n s and i si an n sliowini; IJ jx i inil donhli sjx rni 

forinsl no Ind none of tin ,dxi\ o nn nlioin d nistitiond alinorinalit n s in oni 
prosont sorus It is of intinst \\t lx lino to smii tint t isi ‘i > jjad i ntolo^v 
pist lx \ Olid onr as-niiiod noiind limits and a normal Inonnlni d si itns In no 
other taso howivir did \\( lind nn sinli nimihor of doiilili foiinsas wiu jiris 
out lioro nn spinnioiis of i mirs showid donldi foims Imt tin so noM r (\ 
ocodod 1 2 01 at tlx oulsali 1 pn tint ot tin total niimlx'r of spnnis loiintid 

Of csjii ( ml intoi I st to ns w 01 0 tliosi (isiswlnii appmntU tin i linn d Iiis 

tnr\ did not airroo Mitli onr lalxn itoi\ rindnn_s and it is noilli nlidi to stndt a 
foil of those tasi s horo 

In Caso 111 oht inn d tin liistoi \ th it tin' m.in had lx i ii in ii i n d liofoK and 
had ta\o noinial ihddn n and now wasmiimil main without tin wifi ion 
ccninu As I umld not ,it tint turn (Mimino tin wifi 1 nitiiialK thon/ht fioin 
the Imtori I roccnod tliat the worn in was it f init Tiio sominal miiiopi1holox\ 
was how oa 01 pool and I found ont lator tint tin wdt was iioifodh normal 
and had toncoiaod iiiuokh and casih fiom tliioo oi fom difTiunt men 

Case 74 is another intoi(stin*r one llni the man ateordinjr to emi find- 
ings was of impaired fei tilita a et the aaoman tlaiiiiod she alaaaa s ( oncened e asda 
but that contiaceptiaes (coitus inteiinptiis) had hern ])iiicticecl for aciiis On 
being adaised against this piocedure she hccanic “moio oi less cnieless ” accoi cl- 
ing to hei oaan statements hut so far in si\ months had not conteiacd 

Case 75 is an e\act diiphtate of Case 74 anth exactla the same outcome In 
addition, the husband liad gained ciglita pounds since nianiage and now was 
defimtela obese 'WIiilc it is true that Kisch ' and also Mcttenleiter-’ claim 
that obesita causes infertilita in the female, but not in the male otliei authors 
as Dickenson and Cara*® do not agree aaith this and report cases where the semen 
improa ed eonsiderabla* on reducing the man to normal aveight 

In Case 99 we had another instance smiilai to the last two, but with a vera 
different outcome Here too, the aioman claimed she conceiaed easily when 
contraceptia es (coitus interruptus) were not used but aae thought the man to 
be of a degree of impaired feitilitv aihich according to oui standaids should at 
least make impregnation difficult As it happened the woman m the ten daas 
folloaving hei nest menstrual period for one reason oi other had natural inter- 
couise without using any contraceptia e and did not become pregnant Slie 
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tliereupon became careless but did not conceive until tbiee months later, the 
piegnancy ending in a spontaneous aboition The Troman vas noimal except 
for the fact that she had a model ate letio^eision which we did not consider an 
explanation of this case 

In Case 96 we seemed at first sight to ha\e an instance 11111011 was contian 
to oui theories, since the seminal mieropathologj' 11 as pool, but the woman had 
had a ehild onlj- three months befoic AYe learned fiom the mfe, howevei, that 
shoith after she became piegnant hei husband had fallen off a laddei, had 
been in the hospital foi months, and still iias in leij pool plnsical condition 

In Cases 103 and 108 tlie speim abnoimalities and the biometiies ran to high 
figuies, although both 11 omen had a numbei of loung childien, but m each case 
the husband was in pool phi sical shape 

In Case 137, honeier, whcie the iioman was tluee months piegnant 11 hen 
lie examined the husband’s semen, no Instoiy of phi sical disability of the man 
could be elicited and still the figuies of the seminal examinations weie liighei 
than in anj^ other case nheie the nomau had lecentli been pregnant Honeiei, 
the breeding recoid m this ease i\as rathei in doubt as the voman had con- 
ceived thiee times, though coitus inteiiuptus 11 as piacticed so tliat it is difllcult 
to saj’- hov much of each sterile inteiial had been due to the contraceptive method 
employed 

At the same time, it is peifectly possible foi a voman married to a man 
of impaiied feitilitr to happen to conceiie on sufficient]}' often enough lepeated 
intercourse In anotliei exaetl} similai case the voman mav, hov ever, not 
happen to become piegnant, and thus in human beings, eases of impaired fei- 
tiht} and lost feitiht} mav offei difficulties of classification as discussed undei 
the heading of the deteimination of tlie breeding lecord ” Of couise, one can 
alv a}'s sav that the liusband is not the onli man In ing but I do not beliei e such 
an easy explanation to be alienable unless absolute pi oof of it exists, and there 
weie no indications vhatsoeiei pointing in this diiection in this last case It is 
of impoitance heie to mention that Williams and Savage’- haie at times found 
a pool semen in an appaientl} good bi ceding bull, but in eieii such ease breed- 
ing troubles soon appeared, the distui bailee of feitilitv thus being moipholog- 
ically disceiiiible in the semen before it became clmicalli eiident 

These eight cases just discussed veic about the onlj ones in oui senes where 
at fiist it appealed as though a pool semen specimen veie linked to a cliiiicall}^ 
good bleeding recoid 

It IS sti iking that 111 a laige piopoition of these mariidges coitus inteiriiptus 
was practiced It has long been lecognizcd even by the laitj that coitus inter- 
1 uptiis has a deletei lous effect, but this v as supposed to be mainly on the nervous 
system Here, howevei ve haie an indication that this piocednre, peihaps due 
to the fiequentlj' concomitant unielieied congestion, maj aetiiallj affect 
spei matogenesis 

We had a total of ten eases (Cases 47, 70 74, 75, 91, 96, 99, 102, 131, and 
137) in whom admitted! j coitus intenuptiis vas moie oi less peisistently piac 
ticed In Case 91 this method of eontiaceptioii had been used for about ti\o 
3 ears It vas practiced on and oft in Case 102, m modeiation in Cases 47 and 
99, and for a fairly long numbei of jeais m Cases 131 and 137, and exeessiiely 
in Cases 70, 74, and 75 
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1 1 > 

On lookiini up tin' '>i'iuiini mn rnpithiilnjv nf tin >-1 tin pat nut'' ni ffitiinl 
It nomnl in Civs 'll nnl K'J pnnr m 1“ nrniiinl tin limits of tin norm il in 
10 poor 111 1 11 r itln r poor III l>t7 uni Mr' poor in t isos "tl 71 iiinl 7 i \\ lull 
tlio'^c V isos lUow of no loinlnsioiis tin liinlin'_s iri at Ii ist siioj_(sii\( mil 
slionlil I'o follow 0(1 up I lulouliti (11' iinlunlii li '4iri itioiis "ill In foninl Inn too 

Ivl 1 \ \MIS VTinSs 

Altlioncrli "o in nlo in ui' n (‘\.iiniii ilions liolli on tin smn and difTi ront 
saniplfs ol till' s lino si inrn smli i \amin itioiis wi n inostU for onr own iiiforina 
tion and on si'iin n ‘^j'mnn ns oltl iiiii'd witliiii i short t inn of oni motln r ‘'I'lii 
of our ilinorin ll (osis lio"(''or ritiirind nftir tlini or four inontiis for a ri 
c^amimtion Tlioir aonoral md s.'xml h ihits h nl In i n in\i stitrati d it tin tinn 
of tlicir first oxnininalion and in i'\i'r' lasc tin di fi'i ts jiri 'i nt ispiinlh Ink 
of Pxorcisp oto rosultiiij in poor ^fiior il tili'su d In altli liad liot n nl\ isod alniiit 
and mlos oiM'n to tlic pitiont to In Ip linn OI t into In tli r pli' sn d trim Vilnmin 
(csppcnU' B C and B’l (oniainin',r foods wiri nhis.'d thoiitrli "fiurnll' a 
dcficieno' of dut was not to In. olnitid in tlioso jidunts In c'tr' laso Imt om 
(Case 121 wlicre tlio man adnuttid nol li niiivr In'! n alili to i.irr' out tin* instnn 
tions 'er\ well tlic patient .it tlie time of reoxainin.ilion ".is liotli sidijiitnih 
and obiectueh in doLidedU better jdi'sKal sb.iin tliaii befori iiid eien C .is( 
"assonvewbnt iinprosed 

Table IV sliows the results of the x.inous srnun exaniiintions m.nle on tlirsn 
seven patients In e'er' one of tliesi men the sonien e\ninin ition fri'e fimires 
ver' much bc'ond our assumed iionml liimts wlun tbe\ first presented tbrm- 
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Bixsamis moN or Tnr 'Sj-Mrs or *Srvi-' Mrs or T)inr.\srr> oi \! srsT FrrTiiiTi 


CASE 

NO 

TOT \L 
kBNO^'M Al, 

IIE-XDS 

AUNOFM \U 


1 F 

<r 

? F 

r 

r F 

10 I 

601 

273 

r. 120 


1 02S 

*0 033 

12 731 

to-ill 

10 n 

503 

252 

14 707 

iO 066 

16S4 

±0 046 

, 11404 

±0 314 

11 1 

202 

262 

12 404 

i0 064 

3 644 

±0 043 

13 13S 

±0 362 

11 II 

373 

231 

12 034 

±0 050 

1 522 

±0 042 

11 740 

iO *^24 

Il ni 

314 

143 1 

13 30S 

±0 054 

1 307 

±0 03S 

m 427 

±0 287 

90 I 

90 u 

334 

1 243 ‘ 

13 465 


1 624 

±0 043 ' 

12 061 

±0 332 

353 

251 

13 545 

±0 056 ! 

1 450 

±0 040 

10 703 

±0 398 

32 I 

32 n 

514 

261 

13 615 

±0 064 f 

1 632 

±0 043 

110S7 

±0 330 

394 

223 

13 250 


1 591 

±0 044 

12 nos 

±0 331 

23 I 

23 n 

311 

364 

14 838 

±0 080 

2 049 

±0 036 

13 809 

±0 380 

423 

244 

15 150 

±0 068 

1 742 

±0 048 

U 495 

±0 317 

18 I 

78 II 

360 

334 

244 

271 

15 905 
15 472 

±0 072 
±0 061 

1 837 

1 564 

±0 051 
±0 043 

11 550 

10 109 

±0 318 
±0 278 

85 I 

85 II 

413 

1 302 

302 

16 020 

±0 077 

1984 

±0 055 

12 385 

iO 341 

304 

HH 

±0 071 

1811 

±0 050 

11 397 

±0 314 
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selves so that thus fai Ave have not been able to bung any of them cloAA-n to nor- 
mal AMth the exception of Case 11, and heie, nnfoitunatelj aftei an attack of 
influenza speim motilitA aa as lost 

NcA'Citlieless, thiee of the men (Cases 10, 11 and 93) shoAied impiOAement 
both in the moiphologA and biometiics of the semen, and tAAo otheis (Cases 90 
and 85), an iinpioAement in the biometiical figiiies although the moiphologv 
lemaiiied about the same In the sixth man the moiphologA A\as impioA'cd, but 
the biometiical result about the same as at the fiist examination The last patient 
(Case 79) shoAved iiioie abnoimal speim heads than befoie, but a somevliat lovei 
coeffleient of Aaiiation 

Anothei fact AAorth pointing out is that Case 11 had many small speims 
Avliieh giadiialh' inei eased deeidedh in size AAith impioAed pliASieal health, 
AAlieieas Cases 10 and 78 had laige cells Avhicli deei eased somcAAliat in size, as 
shoAAii bA’ the Aaiioiis means The last change, Iioavcaci aars not so decided as 
the fiist and aars appioaehed in Aaliie in the opposite diiection hi Case 23 

SUaiAlARV 

If AAC snmniaiize hcie oiii Avoik on impaiied hiiinan feitilitA lepoitcd in this 
and pievious ai tides ineliiding about 60 cases not Aet published aao AAoiild saA 

1 Steiility and fcitihtA- aie not sepaiate and opposed entities PeitilitA 
IS of AaiAiiig deiriees and stalling fiom the noimal, pioeeeds giadiiallj doAAii- 
AAaid to sucli loAA A allies that eliiiicalh steiilitA is piesent Absolute steiiliti is, 
hoAVCAei much less fiequeiit than commonlA supposed and being due iisiiallv to 
lathei gloss lesions is easilv dctei niiiiable in most instances In the exact de 
teiniination of the feitilitA of am gneii indnidual the anamnesis, geneial, 
inenstiual sexual, etc is almost as iinpoitant as the phvsical examination 
Especial attention must be paid to the practice of coitus luteiiuptiis as it AAoiild 
seem as if this method of contiaception detiiinentallA aftccts speimatogeiiesis 

2 In the female the external iiidicatois of noimal oa illation (noimal oiaiies 
on palpation noimal inenstiual cacIc noinial i elation betAieeu the histologic pic- 
tuie of the endometi iiiiu and the inenstiual peiiods and a noimal [bacillaiA] 
flora in a Aagiiia iindistuibed foi at least toui to fiie dais) seem to be siifficientiA 
leliable to alloAA of the detei inination ot impaiied feitilit'^ of sufficient degree 
to cause steiilitv Lcssei degiees of impaiied fertilitA, resulting in iniseaiiiages 
and preniatuie labois seem hoAvcAei, to be haidci to detei mine and iiiaA at times 
escape detection bi' the metliods thus fai emploA ed bA us These cases are, Iioaa - 
CA ei being iiiA'estigated along othei lines 

3 Sexual ineompatibilitA fioni one souiee oi anothei iiiiist at least, judg- 
ing fiom the small nunibei of imexplained cases of distuibed feitilitA^ in the 
piesent senes of cases, be eonsideied laie 

4 Ba’ means of a caieful and exliaustne examination of the semen, it seems 
possible to detei mine not oiilj the feitilitj but also the degree of feitilitj of 
am giACu man Such a semen examination must include besides othei factois a 
caieful consideiation of the nuinbei of speimatozoa piesent, their motilitj, then 
moiphologA and the biometiies of the speim head lengths Both the iiumbei 
and the inotilitA of the speimatozoa piesent in aiij sample of semen must be 
judged ACiA' giiaidedlj and niAestigated tlioionghlA as piiieh tempoiaiA oi 
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neuauit il oMonial futm-v al fiiiits t\<ii of a tri\iil luiliin iii/n j:n. r)'.- to 
niisintrrprrtTtioii« 

Tadirui" frt'ju o\ir ptO'-oiU of < i*-! s lln iiiorplioliv'' tin 

‘^ponintoro 1 » spoil. ill\ of tlio lio hK sm his to 1 m IIk hist imi iiiosi r^Iinltl* iii 
dicator rtf tlio foi ! ili7uu pow I r of thoso n'Us 1 urtluniion tho T'liitiM iiiiiiiIm r 
of nbnoniin! lio uK I'liiittoil npiuuiiitlv {tim*' i flir»(t iiidi \ of tin n (iiotliK li\i 
fitiic^s of tho iinliMilu.il '1 Inis ^^rt foinul no niiin in oni siins \Mtli iintri tliiin 
1*1 to 20 pi r ( cut ilinonu il In nK wlio li nl n "ood In 1 1 diiiir ri < ord In doubt fnl 
ninl bordt rhin i isi s it is of \ din iiKo to i oiint tin be id i b iin_i s iiiiniis tin si/i 
clun"cs ,ns mrron nml tapi rnii; forms arc of ispiiialh sniistf i impoit and in 
c\cr\ case nboi c sill b i loiiiit lost mattriilK abo\t 7 i to ^ ip'ritiit tlistiirlnii 
fortiliti irnsprcsiiit 

Tlio binniotric il results from iin isiiriiiir tbc spt rm bc.id Iciiotbs jniir '.m't 
am cMdciicc of sperm diiiiorpliisni Tiic }rrap!is m tlie normal t.is.s aln.ns 
nppronilied tlnsdx tbc norni.il t\pcof <iir\e 

Of the siiiipie fniRtioiis of the olitaiind turns tin* tot fin nut af \arin(ioii 
IS the iiiost iiiiiiortaiit and was siddom minb .iboit 110 in a iiormalli ffrtib 
man Tlie upper pb\siolo^n( limit of this fmutioii somiis to be aroiiin] 11 7 

111 e^en t.ise wliere abnormal mrits and toefin units of \ari.ition nbo\e tin 
normal liinits or a nntbemati(all\ si^niifitanl sKtwness was pitsent tin rn in s 
breedinjr record was poor 

In most cases tbe niorpbolo'rx of tbc si men and tbe biomefritnl n suits ran 
parallel In some instantes boweser onh tin niorjibolotn was bid and iii others 
onh tbe biometrics Tims initber a noriiinl iin>rpbolo"\ nor n normal tiirse 
alone mean normal fertiliti whereas an ahnoiinnl findiiitr in either signifies a 
disturbance of sperinatotrciiesis <iiid Iience of fcrtilils 

From our figures it would seem as tlioiifrli bsser (iepTrees of distiiibed 
spermatogenesis allow conception to octiii but lend to premature interruption 
of tlie piegnancs but when the fertilils sinks ns low as si\ tenths of tbe nor- 
mal salne clinical stenlits usualh results < 

a The described method of semen e\aminalioiis is <it piestnt onh of diag 
noshe import It is csident lioweser since disl in bed spermatogenesis is onh a 
srmptom and careful search must be made in each case for the underhung cause 
and tins tieated that repeated dcternnnations of the cMologc and tbe biometrics 
of tbe sperm head lengths will allow of an accurate estimation of the therapeutic 
results obtained In the present senes of cases we base found spermatogenesis 
lo be most fasorabh influenced b\ sc\ual rest and impioccment of the general 
pin sieal status of the patient 
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TXVl SITliA'lIOX (.f tin jclarifins <.f tlu lii)< ^tlls K. piiMUDi" ». . i nj)))! iis 1<> 
111' proiiii‘'m<rr <'f pr u tu .iHlu riijx'iilK iiiul pr<t]ili\ 1 u Ik lli' immix r 

of p ipt rs (1( .iliiifr ■» itli fill'. t IS nu h .ismi.' 

This pajK'r n presents ,i (onttini ittoii of work ilro.un pnlilislod - .ind 
deals uitli tlie (ITeds of sodniiii <Ieli\dro( liolale on tissue on pin nnioi oi c i and 
on jnieunincoLC ns nifei tion 

Tlie chcmitid n.itnre of sodium d< li\dio( liol ite niis omn in ii pillions 
paper- It vas first made In H)nnin listen in 1''''1 ind was s\nllKsi7(d 1)\ 
TTielaiid* in 1^27 Tlie sodinm d* Indroi liol it* ns< d in tins work was obt iine<l 
from the nnmif ictnrer in <i 20 per mif .Kpiioiis solution in st< rib iiiiiinilrs 


I I MI w Oi TUI l !TI U\TI I'l 


Rigobello'' lias reienth iiiMsturitid the bdiiMoi of tin bib .u ids in tin 
h SIS of pneumococci and Dow me ‘siojit iiul Wlnto’ b im iniiitlc iniblisbcfl an 
important paper In tins paper it was reporlid tlial inn iiinoi m r i wen soluble 
in all bile salts c\ecpt sodinin cb Indrodmlato and sodinm dr liMluxb owtholafe 
This is apparenth at cariaiice with other work = Ilowicer in tins lifter work 
the pneumococci used were grown in animals and nsid without iiiltiinni' on 
artificial media Dowine stent .md A\hit< in flanr work nsnl twuitc (i\e 
strains of pneumococci of difTciont tepes Si\tecn of those wcie giown foi long 
periods on aitificial media Nine strains were nioii rcieiitic isolatid but wen 
necertlioless growui on artificial inodi.i For Ibeir lists niltiires in boimone 
broth were used 0 0 c c of culture being used witli 0 1 i e of bile s dt solution 
The sodium dcindiochohte used b\ Dow me Stent .ind AVlute w.is piepaied 
according to nammarsten “ Considering tin great (liffcreiicc in the methods 
emploced, it is not sin prising that the results ,ne difTereiit Tiie cheinistic of 
pneumococci grown on artificial media is apparenth difieient fioni that of those 
grown in animals 

The English investigatois' leported a lough T\ pe II pncuinocoecus icsistant 
to solution in the bile salts Elton*’ refeis to lepoits that stiams of pneumococci 
have been encountered whieb were resistant to solution m bile salts Seceral 
hundred strains of pneumococci isolated at the Eockefeller Institute wore all 
reported to be bile soluble ® 

The work of Dow me, Stent, and 'Wliite is admirable from tbe standpoint of 
what takes place in the test tube between \aiious bile salts and relaticclv aciru- 
lent artificially groevn pneumococci From a utilitarian standpoint the toxieitv 
of the bile salts must be given gieat weight These workers haAe shoevn tliat 
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sodium deoNj cliolate has the gieatest pneumoljtic powei but this salt is also 
quite toxic The least toxic ot the bile salts, sodium dehvdiocholate, does not 
pioduce It SIS of aitificiallv gioun pneumococci as shoun bt these uoikeis and 
also by the i\oik of this papei Ne^ertheless, it produced Ijsis of virulent pneu- 
mococci taken directly fiom the animal bodt in the pieseiice of body fluid - 

Baijot^” has treated persons of the black lace sulfeiiiig fiom pneumonia, 
with bile salts intrai eiioush The prepaiation nhich he used nas a 7 per cent 
solution of sodium taui oeholate containing 2 pei cent of magnesium sulphate 
The reason foi adding the magnesium sulphate uas not gnen This noiker did 
not leport anj local or geneial toxic efteets except a hemoglobinuiia nhcn his 
piepaiation nas injected too lapidh The coloi of his patients piobably ob- 
seuied the local iiijuij to the veins He tieated foui colored men, thiee of vhom 
recovered and one died The one nho died had consolidated lungs but eultiiies 
for pneumococci veie negative A labbit injected vith blood fiom tins case siir- 
vned Baijot points out that four out of seien of his patients tieated in other 
naj's died and that tlie moitahti fiom pneumonia is very high in the colored 
race, being about 70 jiei cent 

In the vork of Ross” wheie labbits veie fed Pneiimoeholin (bile salt dis 
solved pneumococci) mixed 111111 then food, a high degiee of immunity 11 as pro- 
duced Theie vas also produced considerable immuniti iiith the same method 
using hydrochloric acid tieated pneumococci and maceiated organisms It must 
be pointed out that these latter tiio piepaiations of pneumococci became bile 
treated iihen thej reached tlie labbit’s intestine Tlie simplicity of Ross’ method 
suggests a diiect human application Indeed, the mere si\ allowing of capsules 
containing pneumococci or pneumoeholiii maj- produce an immunity of prac- 
tical importance It may be that the same procedure could also be used in the 
eailj treatment of pneumonia to build up an immunitj before any natural im- 
munity appears 

EXPERIMENTAL AVORK 

111 the follon ing experiments pneumococci of Ti pe I only n ei e used Thei 
neie lecentB^ isolated oiganisms, but nere tiansfeiied several times on blood 
agai and in calcium carbonate bioth Tliei^ neie agglutinated bi" Tjpe I seium 
They weie soluble in sodium taui oeholate but nere insoluble in sodium cleln- 
di oeholate The rabbits used neie faiily unitoim in size and neighed betneen 
2 0 and 2 5 kg 

The sodium dehydrocholate nas alnays administeied in a 10 pei cent con- 
centration in 0 85 per cent sodium chloride solution, it nas prepared bv mixing 
equal A^olumes of a 20 per cent aqueous solution of sodium delijAroeholate and 
a 1 7 pel cent solution of sodium chloride In the follonmg experiments vheie 
sodium delmti oeholate nas used in 10 per cent concentrations in isotonic salt 
solution, it nas piepaied m this nai As the drug nas obtained in a steiile 
condition it iias onh neeessaij to mix it ivitli sterilized salt solution and to 
handle it under aseptic conditions 

EXPERIAIENT 1 (TABLE l) 

Intiapeiitoneal Injection'; of Ding and Oigamsms — This expeiiment was 
densed in order to obtain an estimation of the degree of tlie antipneiimocoecus 
action of sodium dehj droeholate in mao Pneumococci neie injected intiapeii- 
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Although the pneumococci weie not disNolccd on beinfr exposed to sodium 
dehvdrocholate thee did not grow on blood agnr and thee did not Kill Rabbit 
11, nor make him sicK The Nooncr the sodium delndrochohitc was administered 
after the pneumococci the loiigei the test animals liied 


EXPEHIXIENT I-V 


Effect of Sodi urn Dchyeh orliolalc on Teiiis and Pcnfoneiim — TJie follomng 
expenmeuts were performed to deteiminc the effect of aqueous and of isotonic 
solutions of sodium dehx drocholate on xeins and peritoneum 

Rabbits 10 and 12 were given iniections intrai cnoush of sodium dehv- 
drocholate in 20 per cent aqueous solution This solution could be injected oidc 
inth great diffieultx as it caused the animals discomfort with consequent 
struggling 


These rabbits were also gnen intraxenous injections of sodium dehxdroeho- 
late 10 per cent in 0 85 per cent sodium chloride solution Tlus mixture could 

be giien as readily as isotonic salt solution alone wuth no discomfort to the 
animals 
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Rabbits 10 and 12 ivei e each given intrapentonealh 0 5 gm of sodium 
deliydiocbolate 10 pei cent in 0 85 pei cent sodium cbloiide solution Autopsy 
of these animals after seveial days revealed no evidence of peiitoneal injuiy 
There was a slightly increased amount of peritoneal fluid, but no adhesions, 
fibiinous exudate or othei evidence of peritoneal injuiy 

EXPERIMENT H (TABLE h) 

Iniiavenotts Injections of Diug and Oigamsms — Since the lesults of Ex- 
periment I were encouraging a similar experiment was undertaken malung all 
injections in the rabbits’ ear veins The sodium dehv^drocholate was givmn in a 
10 per cent concentration in isotonic salt solution A 24-horii broth culture of 
pneumococci was used In this experiment four daily injections of the drug 
were given while onlv^ one dose was given in Experiment I The first dose of 
the sodium dehj di oeholate was given on the same day that the culture of pneu- 
mococci was giv'en The time mtervml is given in Table II The controls died in 
approximately one daj Rabbit 16 died in one day, its back was accidentally 
broken One labbit suiviv'ed, one livmd approximately four times as long as 
the controls and another six times as long 

Rabbit 1, used as a control foi the diug in Experiment I was again used 
in this experiment Ten minutes after receiving a fatal injection of pneumococci 
it was given 1 e c of 10 per cent sodium dehvdioeholate in 0 85 pei cent sodium 
chloride solution and 0 5 c c of pneumococcus culture in the same sjunge No 
further treatment was given This rabbit sui viv ed 

Rabbit 11 a suiviv^or from Experiment I, was included in this experiment 
and was giv'en a fatal dose of pneumococci but no drug It was injected on 
Feb 19, 1931, intrapeiitoneally with a inixtuie of pneumococcus cultuie and 10 
per cent sodium dehvdioeholate On Mar 10, 1931 nineteen days later, it re- 
ceived in Experiment II a fatal injection of pneumococci but survived without 
becoming sick 


Table II 

Intravenous Injections 

Anti pneuwococcus Action op Somuw Eehydrocholate 


1 

RABBIT 

3 10-31 

PNEUMOCOCCI 

DOSE 

BROTH 

SODIUM 

DEHVDBOCIIOLVTE 10 PER CENT** 

RESULT 

INTEB%Al* 


■ 



14 C 

0 2 c c 


0 

0 

0 

0 

D 32 lir 

lo C 

0 4 

— 

0 

0 

0 

0 

D 20 hr 

16 

04 

10 min 

2 c c 

0 

0 

0 

D Ace 

17 

0 4 

15 nun 

1 c c 

2 c e 

1 c c 

1 e E 

S 

IS 

04 

3 nun 

let 

2 e c 

1 c c 

1 e c 

D 4 

19 

04 

10 min 

2 e c 

2 c c 

1 c c 

1 c e 

E 6 

1 

0 4 

10 min 

*1 5 c c 

— 

— 

— 

S 

11 

0 4 






S 


*1 0 c c 10 i>er cent sodium dehj drocholate -f 0 5 cc pneumococcus culture 
I>=rdied S = sur\ned C = control Acc =‘iccident'ill> 

••In isotonic snlt solution 
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On alltop':^ nf Ihhhit 1 ^' Uh'i. «.is fn.m fJi.* Ik. ill s hUmd n 

proMlliofB toll lull no iiiii'iiiiKK 111 1 1 I'iikihikh o( < i won' n‘(o\<r((l from Ifalilnl 
1^1 in pure cull tiro 

1 \I'I I IMl NT II \ 

^iihrufofit OH*' JuftthoH of Sofliiivi fo Jiohilt ■ Tn fuder l^i tlolermuu 

t}ie cfToi t of siibi lit I neons inji ( I ion of sodinni tit liv tirot Iioliite i 10 jn r t enf eon 
eeiitntiou of tlm drinr in 0 n'i jn r tent I ‘'olnlion is.in n'.* <1 lliiliints 1 11 
17 20 .111(1 iMo •iniiK 1 pm-s wen iniidnl snln nliiin oii'-h iiftir iliiijiini: tlie 
li.Tir Mifli nnionnts \Tr\inf5 from 1 to > t < \fler lut iil' -four Iionrs tliere wns 
no CMtleiKo nf inn ti';‘'nc diniii're 

1 M'l niMi NT in fT\mi in) 

hnmuHitif rrv/v— Hie results of i:\penmenls T nnd IT indn.ited Hint lliere 
ivas some iniinnniti produtod nmiinsi pnt'timot o< 1 1 1)\ n nn\lnre of Ilits* orjt.in- 
isins .and soclnun (loin diotiiolate In lliissorits 1? dilnts 1 11 nnd 17 rettntd 
imnuiniriiiir injections ns sliown in Dxjx riiiients I nnd II .iiid snrcntd Tlle^ 
were iisccl nprnin in tins e\perinient to st'e if tin ir imniiiniti coiifiinied 

Rabbits 24 27 27 and 10 receded injections of lui .iiitiiren prepared In 
miTiii" ccpinl nniounts of nn ncineotis solution of 20 per cent sodium deliidroclio 
late and a 24 hour pneumococeus hioth tiiltiire pist befoie tisiii'r It is proposed 


Tniir III 

Isrrr.iSFn ItrsisTiser to fsTtMoroiri Pi r to T it Mornoiis P 


p\nniT 

I rcMoriioiiNn 

3 20 31 

4 14 *^1 
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rirri f r 

* srtMororrr 

1 rst IT 

DMS 

2S1 C* 
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P 2 
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02 

P 1 

1 

Pep II 1 

02 

P 7 

11 

Exp I 

02 

S 

17 

Exp II 
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24 
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0 2 

s 

25 

3 c c Subc 

02 

D 4 

27 

3 ec Int 
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D 8 

30 
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1 ^ TT f D = (Iled S = «ur\Ue<l Pncumocholin-D = «iuil pirLs 2ft per cont sodium 
aqueous solution and 24 Ur pneumococcu'* broth culture Int z= fntra- 
^enousij Subc =: subcutaneouslj 


to call this antigen “Pneumocbolin-D” as cholic acid is cliaraetciistie of all the 
bile salts “D” represents the delndrocliolate treated pneumococci “T” the 
taurocholate product, “G” the glicocholate pneumococcus hsate, etc Tins ex- 
periment indicates that Pneumocholin-D increases the rabbit’s resistance Onlj 
one dose of the Pneumocliohn-D was gnen It remains to be seen wliether re- 
peated doses will further ineiease the resistance 

EXPEKIMEXT I\ 

fffonejjechvenes^ of a Belief eUl Filtiaie — Pneumococci were grown on blood 
agar A beaAw suspension of these organisms was made wutli isotomc salt solu- 
tion Then equal parts of the suspension and 20 per cent sodium debt droeholate 
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in aqueous solution ueie niiAecl and left to stand foi tliiee dais at loom tempeia- 
tuie Li SIS lias only partial The mixture iias steiile iihen cultured on blood 
agar The mixture iias then filteied thiongli a Beikefeld-N filtei The filtiate 
lias dmded into tiio fiactions one of iiliich i\as heated to 60°C for one hoin 
The tiio fi actions iieie then injected siibeiitaneoiislj in labbits Tlie unheated 
fiaction lias injeeted in Babbits 21C, 22, 23, 26 28, and 29 The heated fac- 
tion ivas miected in Babbits 274C, 275 276, 277, 278 and 279 Neither fiaetion 
produced am evidence of iinmiinitj iihen the labbits iieie giien fatal doses of 
pneumococci 

EXPERIMENT V 

Effect of Sodium Tain ocholate and GJycocholatc on Tissue — The ivork ot 
this experiment iias done iviih that of a foimei paper^ but iias unpublished A 
10 pel cent eoneenti atioii of a mixtiue of sodium taui ocholate and sodium 
glycocholate in 0 85 per cent sodium chloiide solution iias iniected subcutane 
ously on the abdomen of several rabbits The injection caused a disagreeable 
sensation and it iias sometimes necessary to make seieial injections to give the 
amount of drug desired These injections caused a local tissue necrosis ivith 
eventual sloughing The inner surfaces of the sloughs ivhen removed ivere 
sterile Local damage to the leins of man by these salts has already been re- 
ported ^ Similar damage and a painful sensation iias caused bj' injecting these 
salts in the eai veins of rabbits 


DISCUSSION 

In a previous paper' the theon iias adianced that bile salts iiere used by 
the bodi in overcoming pneiimocoeeiis pneumonia This theory ivas based on 
the iiork of Elton® iilio demonstrated that the icterus index i\as inci eased (ivitli- 
in the latent zone) in cases of lobar pneumonia The identification of the bile 
salts as such in the blood, has not heietofoie been possible There seems to be 
no reliable chemical test foi the bile salts The Pettenkofer test formeilj’’ relied 
upon IS not specific A iieii method for the detei miiiation of bile salts has re 
cently been advanced bi Diico and Panza The vork of Elton on the blood of 
pneumonia patients should be i epeated using a specific test for the bile salts 

In the chemothei apj of such a disease ns lobar pneumonia, the question 
arises as to iihether the injected drug reaches the diseased lung It is believed 
that it ivoiilcl Although in a consolidated lung there mai be blocking of some 
arterioles or capillaries, such blocking could not be extensive Closing of the 
vessels ivoiild result in infarction and certainly this does not occur, at least in 
those cases iiliich lecoiei Besolutiou could not take place if the blood siipplx 
to a consolidated area of lung Meie closed oft Consolidation is produced by 
exudation into the bronchial si stem and alveoli and it is piobable that the blood 
supply IS never seiiousli impaired by the consolidation alone The lung is an 
extremely vascular organ having a double blood supply 

The nature of the phenomenon of the solution of pneumococci by bile salts 
IS not definitely detei mined 

The theories to be considered are (1) chemical leaction, (2) catalysis of 
normal autolj'sis, and (3) low surface tension 



nil nv o\ \ M ' 1 1 oi Mtnn m im u\ I'l oi ik'I \ 1 1 
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A (Inoil (lu'inu il KmtK'ii tli«' l>ili '-ill'' I'li'l 

meos m tin’ iim'uinoi m t i'' tli*' iii"''t Jiml) iMi i \pl:miitioii 
Oooln'l init\ \Mr\'' m T>2'* Aiownl Hint tin Mihition f>f pm tuiuu o( 1 1 In 
lull vilts IS not alw ns nmniip inii'tl In tin smia pi oti nh sis lint talas plan' in 
iinrninl autiiUsis md tint tin Inli sdisint nnli pnidi nth nf intohln i iirniif 
Bile silt sohitniii nf ])iu inii'nriK i imiiis. most rapidU at 17 f and is ret irdi'd 
liotli In lowt'r and liiplii r tampi'i at ui <'s in tin smit nianin r as antnUsis 

Tjon siirfui' tnisinn is mt rispinisddi fm tin l\sis of pnatinKmn 1 1 as sliown 
In Morkois iln iiB inoiitiaiK'd 

\Miilo tlio ('xplanation of tins jdK'iioiiii'iion tlia soliilnIit\ of piutinioioni in 
bilo salts IS not at pnsmt di(init«l\ Known it should not ditcr tlio pcrforniaiK f 
of tliorapoiilK nntsti'^itioiis with till hih s\lts 

Thorc sioms to h( i nrlaiii aiiioiiiit of immilarilN in the soliilnliti of dilTi r- 
ciit strains of jiiiPiiiiioi oi 1 1 Ui'iniaiin" show ad that In tlio n ju itnl 'riowlli of 
pneiiiiiocotn in plain hrotli to wlmh w is addul inm isin" anioiints of hilr flio 
orfranisnis hcninu .ULliiiiatirod to .is hifrli is 7 ) pi r n'lit of o\ hih' Bpiinann 
(lomonst rated that these orir.iiiisnis ifter "rowth in niiimals were n'jaiii hile 
soliihle Also that iiisoInhiIit% in hilo was nssoi i.ited with loss of Mniloiuo 

The stiuh of the niiiino lIioIk ands di iiaiti ristn of hile and tlKirdorna- 
tnos IS openin': up a \<ist field of Inolo'ru rehitionshi]>s wliuh needs e\tensi\o 
stiuh The work of this paper uoates more piohleiiis than it soKcs so that 
definite conclusions are defeircd pendin': fiiither in\ estimation 


SL MAIAn\ 

1 Pnenniocoeoi of T\pe T "rowii on artificial media were not dissohcd In 
soduini deln drocholate in this wmK hut were Killed or rendered aMrnlcnt so 
that thee would not prow on artificial media nor prodnci infection 

2 Sodium deln drocholate has an antipnenmococcns action in the animal 
bodv 

3 A mixture of sodium deln drocholate and of pneumococci when injected 
into rahhits produces a depree of immnnits to pnenmncnccns infection 

4 Sodium deln drocholate does not piodncc local tissue inimw as docs 
sodium tanrocholatc and ph coeholate 

The author wishes to express Ins appreciation to Tot E R t oihler and ttni T S 
Simmons for pennittinp tins work to lie done with fniilities at the trnix Medio it School 
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TIIL DKTOXIl IC \T10\ OF (’0('\I\! l’KlUnn\l\ -WD Sll^ril 

\i\i: in ^onri m sahtmf 


B\ i:n\s\inB ‘^v sn^-on Kujsn m oH'^ 1mi 


K XOEFKTj llcn^uk and Lomdiliiirl’ Imm vk.iwn llid '.■mIhiii) anulnl minus 
tlio to\iPit\ of u>i iiiK' ]>roi uiK' md l)nl\n fMinit ilU /< rfas and Mi 
Calluin" lia\c ii'iod tilt' dru" foi i oi inio niid s1i ' i Ininn iioisomii" I lu’ purposes 
of till*; in\f“iti"ation aio to isii'rtaiii dofiniliU in oNjiarninMital innaaK fai 
Wlicthor or not lodniiu iin\t d d('to\ihos llio lonMiBant dinirs wlinh ait on tin* 
parts of the central ncraons s\sl(in otlici 111 in tlic icrclnnni fill Mlutlicr or 
not 'lodnim anntal affords irrcatct piolcition a'^.iinst jioisdiiin'r li\ intniscnons 
tlnn liv oral ndniinistration and fi ' llic cfiiiicnci of sodinin .inut.il in pn - 
\cntin" the ocLiirrcncc of tonMiKinns indnud 1>% tlicsc drnirs I’lirotoMii tind 
stnelinmc ncrc selected foi investiu ition sniu the former is known to lauso 
convulsions ehicfls In the stnnnlatioii of the mcdnll i mil tin latter In th it of 
the spinal cord Cocaine which is known to prodine loiunlsions In its action on 
the terchriim was also studied under the sime conditions for compinson 

Rabbits wore used in ill e\peruuenls The pioicdiire was the ciiiie as cm- 
ploicdhc Knoefel Tlerwick and Loeconhait ' that is the poison is mtected suii 
cutaneonsh and sodium anntal is <ri\(n sinmltaiieoiish In cein oi h\ month 
.Is shown in Tables I II and III sodium aiint.d uniformh detovifies each 
of the throe poisons Our fifruros foi ooeuiie with soduiiii anntal snon In \eiii 
comploteh aproo with tliosi loportod In Knot foi Ilerwick and Loovonhart’ 
With sodium aiinTal "non oralli the AI L D of cocaine is ITI ni" per k" as 
against 400 mg per kg of cociiiio when sodium amcial was gneii In aein Foi 
picrotovm alone tlie JI L D is 2 j nig pei kg as sliown in Table II M'lth 
sodium amvtal (intincenouslc 1 the MLD of piciotoMii is S mg per k" and 
with sodium amvtal (oralh ) the 'll L D is 0 mg pci kg .\s shown in Table III 
the MLD of sfrvclminc alone is 0 G mg per kg M'lth sodium amctal b\ a cm 
the MLD of straehnine is 4 nig pci kg and witli sodium amatal be mouth the 
MLD is 2 4 mg per kg Tlie cletoMfcing aaluc ol sodium ama-tal is greatci 
when it IS administered mtraacnoiisla than oralla The difference betaaeon the 
two routes of administiation is striking with cocaine and strj'cbnme, but rela- 
tnela less so aaitb picrotovin 

There is an interesting lelationship in the subcutaneous and intramuscular 
injection of sodium ama-tal With sodium ama-tal injected subeutaneousla (60 
Big per kg ) and intramnseulaila (150 mg per kg ), the MLD of cocaine is the 
same as with cocaine alone 'With picrotos.m and stra-cbnine the propba-lactic 
action of sodium ama-tal (subeutaneouslv and intramusculailv) is even "neater 
than bv aein or mouth The MLD of piciotoi^in is 15 mg per kg with sodium 
amvtal subeutaneousla and 10 mg per kg with sodium amartal intramuscularlv 


^rom tlie Uillj Research Laboratories 
Receliea for publication, June 22 1931 
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Table III 

Detoxification of Strychninf Sulpiiatf by Sodiusi Aiiytal 
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TVitli sodium am^ tal Mibciitaneoiish thcMLD of stnLlininc is i m? per kg 
and intramuscularh the MLT) is '>4 mg pei kg Thus the subcutaneous and 
intramuscular luiection of sodium amit.il did not dotoxifi cocaine ith picro- 
toxin and strichnino tlic subcutaneous and intramuscular imcctinn of sodium 
anirtal produced greater piotcction than In icin oi mouth This disc repanes 
bs the Tanoiis routes of adniinistiation of sodium anntal is not s\ell understood 
Tt niavbe partialh explained b\ the relatne dihercnce in the rate of absorption 
of these poisons The des elopmeiit of toxic sxmptoms of cocaine is considerablj 
more rapid than uitli pitrotoxin or strschnine Thus it seems that the intra- 
venous and oral administrations of sodium anivtal offeis a more consistent pro- 
phylactic action for all three poisons 

The use of sodium amvtal as an anticonvulsant as well as a detoxifving 
agent was also studied The minnnal convulsant dose (M C D ) of each of the 
three poisons was determined Tiie average time of onset of convulsions was 
also observed for the poisons alone and with sodium amidal Xo less than five 
rabbits were used for each dose 

As shown m Table IV and V the aveiage minimal convulsant dose (M CD) 
of cocaine alone is 50 mg per kg and the av erage time of onset of conv ulsions 
IS three minutes VTitli sodium amvdal injected intrav enoiislw the average mini- 
mal convulsant close of cocaine is 100 mg per kg The av erage time of onset of 
convulsions with sodium amvtal ( intrav enonslv ) is 150 minutes AVith sodium 
amvtal administered orallv the JI C D is 60 mg per kg and average time of 
onset of convulsions is fifteen minutes This shows that sodium amvial injected 
mtravenouslT is considerably more efBcient as an anticonvulsant than vvlien given 
orallv 

The average minimal convulsant dose of picrotoxin is 2 mg per kg wntli 
the average time of onset of convulsions as twenty minutes AVith sodium amytal 
bv vein the JI C D of picrotoxm is 5 mg per kg and tlie average time of onset 
of convulsions is delayed to fiftv -four minutes Orallv sodium amvtal prevents 
convulsions of picrotoxin up to 4 mg per kg or twice that of picrotoxin alone 
The average time of onset of convulsions is seventy minutes Thus both the in- 
travenous and oral administrations of sodium amvtal increased the convulsant 
close to twice that of picrotoxin alone and more than doubled the time of onset 
of convulsions 

AVith strychnine alone the average minimal convulsant dose is 0 4 mg per 
kg Sodium amvtal by vein increases tins dose to 1 5 mg per kg or approxi- 
mately 4 times that of strvchnine alone The av erage time of onset of convul- 
sions with strvchnine alone is eighteen minutes The average time of onset of 
convulsions is prolonged to forty minutes wntli sodium amj-tal bv vein and to 
thirtv-five minutes wntli sodium amvtal bj mouth The av erage convulsant dose 
of stnchnme IS 0 8 mg per kg with sodium amvtal by mouth Thus the 
threshold for convulsions is raised bv intravenous injection and oral administra- 
tion of sodium amvtal Furthermore, the determination of the average eon- 
vulsant dose of these poisons is less severe witli sodium amvtal than with the 
poisons alone The convulsant dose of eocame vnth sodium amytal is so mild 
that thev are vnth difficulty noted as convulsions The drawing hack of the head 
and slight spasms are the onlv svuiptoms with cocaine under sodium amvtal 
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T\nLr Y 

AvrR^cr Timf of Cowuir^nt DFTO\iFir\TiON or Corovr 
PicroTOxiN \M> STP\rnMNr ba ‘'OIUlm Vmttm 
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AMATM 10^ 
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(minutfs) 

TIMF or 
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i \\Fr\OE 
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100 

i 

400 
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Picrotoxin 
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06 
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Seuaiapt or Table IT Convclsant Detoxification- or Cocaine 
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With cocaine alone the convulsions are seveie Piciotoxin and strychnine undei 
sodium amytal shov less severe convulsions tlian mtliout sodium amytal but 
are much moie pionounced than ivith cocaine 

The rate of ahsoiption of these iioisons varies if the time of onset of comml- 
sions IS an indication Cocaine shows convulsions in thiee minutes, vhereas, 
picrotovin and strjehnine produces conmlsions in twenty minutes as sliovn in 
Tables IV and V The intiavenous loute of administration of sodium amjdal 
IS rapid in its effect, thus pioducing gieatei detovifnng properties foi cocaine 
The 01 al use of sodium amjdal is miieli slowei in its effect and offers less protec- 
tion in acute poisoning with cocaine Sodium amytal by mouth gives greater 
conviilsaut protection foi picrotovin and stijchmne than for cocaine because 
of inoi e equal i ate of development of then effects 

It IS difficult to intimate on which part of tlie central nervous system sodium 
amytal offers most pioteetion The diffeiences observed vnth poisonous diugs 
may be ascribed to the nature of the substances studied Tims among the local 
anesthetics which all act on the eeiebium, Knoefel, Herwick and Loevenhait^ 
showed that sodium amytal does not exhibit the same degree of protection 

Dining the progress of this study, Maloney, Pitch and Tatum® leported 
the detoxification of sodium arajdal by picrotoxin This is the reveise of our 
study In the detoxification of sodium amytal by piciotoxin Maloney, Fitch and 
Tatum® found that approximately tmcc the MLD of sodium amjffal could be 
given vnth the picrotoxin treatment Our findings by the reversible tieatmeut, 
that is, the detoxification of piciotoxin sodium amjffal was approximately 
three times tlie SI L D of piciotoxin with sodium amjffal 

CONCLUSIONS 

1 Protection is affoided by sodium amytal against intoxication of certam 
poisons that act on the central nervmus system 

2 The mtiavenous and oral administrations of sodium amjffal in the ordei 
named offers the moie effective protection foi all three poisons 

3 Sodium amjffal is an antieoiixuilsant as well as a detoxifying agent for the 
three poisons 

We wash to express our gratitude to Dr K K Clicn. for suggestions and criticisms 


KDEERENCES 

1 Knoefel, P K , Herwick, I! P , and Loevenlnrt, A S The Prevention of Acute IntoM 

cation from Certain Iiocal Anesthetics, J Pharimcol A JSxper Therop 33 265, 1931 

Knoefel, P K, Herwick, E P, and Loevenhart, A S The Prevention of Acute Intoxi 
cation from Local Anesthetics, J Pharmacol A Expcr Therap 39 397 411, 1930 

2 Zerfas, L G , and McCallum, J T C The Clinical Use of Iso Anij 1 Ethyl Barbiturate, 

Anesth & Analg 8 349 359 1029 

3 Malouev, A H, Fitch, E H , and Tatum, A L Piuotoxin as an Antidote in Acute 

Poisoning bj the Shorter Acting Barbituiatos, J Pharmacol & Exper Therap 
41 465, 1931 



THE PRESENCE AND SIGNIFICANCE OF ISOIIEMAGGLTjTININS IN 
THE BODY OUTSIDE THE BLOOD STRE \'\r 


By Lel^xd Y* Pvrr, Bcmi t, RrPuniTQEi Lip\xai=f 


I T IS geneiallv reeogni 7 cd tliat isoheniagghitinins aic not confined to the blood 
stream The\ liaAC been found in milk and colostrum' saline extracts of 
malignant tumors* tissue luices obtained iia cantliarides blisters* urine'* cist 
fluids ^ amniotie fluid pericardial fluid ' and cerebrospinal fluid 

Holzer’ has rccentlv called attention to the difficultv uliith is encountered 
in determining the blood gioiip of a corpse He siigacsts that m such cases the 
pericardial fluid be utilized Seicral cubic centimeters of this liquid arc aluacs 
available and it ivill be found to contain the same isohemagglutinins as occur in 
the blood stream It is sometimes desirable to obtain the blood t% pe of a corpse 
for medicolegal information or to throw light on a fatal tiansfusion and for such 
purposes the use of pericardial fluid is suggested 

The presence of antibodies in the milk and colostrum has long been a topic 
of interest to immunologists who m so far as colostrum is concerned haie 
worked mostly 'wnth the boi me species “ In these animals the ingestion of colos- 
trum appeals to be a more i ital matter than in human beings since in ruminants 
there is less possibility of placental transmission of antibodies than in an animal 
such as man -which has a simpler placental structure Heim' stated that if the 
infant were not nursed at the breast the isohemagglutinin content of the serum 
was afltected, agglutinative possibilities being gradually suppressed until in eight 
to fourteen days the isohemagglutinins would be no more actn e than in the colos- 
trum in which iiscid medium clear-cut agglutination of red blood cells seldom 
occurs On the other hand, Happ' did not find more isohemagglutinin in the 
blood of nursing infants than in that of those artificially fed It is now well 
knmvn that the isohemagglutimn content of the blood of the newborn child under- 
goes changes such as have been indicated bv several writers but these have to 
do ivith the maturation of the dynamic specificities peculiar to the child and 
determined for it bv the factors which it has inliented from its father and 
mother Onlv incidentally is the isohemagglutinin content alfeeted bv either 
placental permeabibtv or mother’s miUi or colostrum The child may at first, 
haie some isohemagglutinin deiived from the mother, this does not persist, 
but IS replaced bi that which its own body has produced It is being suggested 
at the present time" that somewhat the same thing may happen for a wide va- 
rieti of protein specificities 

Isohemagglutinins may occur m the cerebrospinal flmd although as noted 
b% Kolmei^ they are ‘‘only occasionally” so found Herman and Halber^ have 
reported 83 eases in which the cerebrospinal fluid was tested for its isohem- 

RopubUqurLibn?-fl«r"''^''*^ Bactenolo 5 ^ anO Hjg.ene Amencan Unuers.tv o£ Beirut, Beirut, 
Reccl\cd for publication June 25 injl 
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agglutinin content They did not find this “antibody ” piesent in normal cases 
but did find it n here there had been organic lesions of the central nervous s^ stem 
in which there nas enhanced peinieabilit's of the meninges, as in epidemic menin- 
gitis tumoi of the spinal eoid, and multiple sclerosis They did not find iso- 
hemagglutinins in the cei ebi ospinal fluid of cases of tubeicular meningitis and 
they noticed that the isohemagglutinm content of the ceiebrospinal fluid vas 
Ion er than that of the blood sei nm 

At present ne legaid eerebi ospinal fluid as a normal seeietion of epithelial 
origin produced from the choioid plexuses uuthin the ventiicles out of nhicli it 
flons thiough the foramina of Lusehka and hlagendie into the subarachnoidal 
spaces In the sinuses lion ever, the ceiebi ospinal fluid is bi ought into very close 
contact nitli the venous blood, being separated from it in the Pacchionian bodies 
only bj two thin laveis, duia and aiachnoid Thus while the normal cerebro 
spinal fluid is secreted from v\ ithin the cential nerv ous s's stem itself it may iindei 
certain conditions partake of the nature of a ti ansudate 

If it could be established that normal cerebrospinal fluid does not contain 
isohemagglutimns but that in ceitain diseased conditions it does (provided the 
blood does), v\e viould have a simple test of leliability v\hich might conceivably 
be of considerable aid to the clinician 

It should be pointed out that vvheie the subject in question belongs to the 
blood gioup AB (Janslcv IV) theie are no isohemagglutimns in the blood and 
there could not be any in the cei ebi ospinal fluid from a person belonging to 
such blood group In oui population however, lathei less than 5 per cent of 
the people fall m blood gioup AB so that it is evident that this limitation is not 
a serious one 

Willie resident in the Near East we weie able to test out the isohemagglu- 
tinin content of 104 cei ebi ospinal fluids In 98 of these fluids no isohemagglii- 
tinin could be demonstiated In 32 of the cases we were onlv piovaded with 
specimens of cerebi ospinal fluid and vveie unable to determine the tvpe of the 
blood Of the 72 whose blood was also tjped we found 21 to belong to group 0 
(Jansky I), 34 to gioup A (Jansky II) 7 to group B (Jansky III), and 10 to 
gioup AB (Janslvj- IV) In the Near East somewhat moie than 10 pei cent of 
the people belong to gioup AB which as we havm pointed out is moie than tviice 
the percentage in America Six of the ceiebrospinal fluids possessed isoliem- 
aggliitinins and they ai e suinmai ized in Table I 


Table I 



BLOOD GROUP 

CEREBROS^I^ \L 

FLUID GROUP 

niSTOR'i 

Case 1 

A 

A 

Typhoid with inemngism, W'lsser 
mann reaction negative 

Case 2 

0 

O 

Tuljcicular meningitis, Wasser 
mann reaction negative 

Case 3 

A 

A 

Compression nij ehtis , "W” assermanii 
reaction positi\e 

Case 4 

B 

0 

Diabetes niellitus and myelitis, 
Wasscrniann reaction negatne 

Case 5 

— 

0 

No liistorj 

Case G 

0 

A 

Undiagnosed f ital case, Wasser 
maim reaction positne 


ISOin MAGGI TjTIMN^ Till JlODIi Ol T'-IDI TITI 111 OOD MM \M 


The coiohiospiual flvud niul the othci fluids shoitK to be incutioiicd wcie 
all t\iicd b\ the open slide method usni<r known rod blood cells to establish the 
■rioup In jiractic.illc all cases the tcpiiijr was in tiiplicate and the lesnlts clciii- 
cut Heniohsis of the cells used was not obseiced 

In discussing the data of the aboic tabulation tlnee points should be noted 
In the first place one of flie patients (Case 21 was a patient sufTeiiiig fiom tuber- 
cular meningitis Ileiinan and Ilaibei did not find isohcnniggliitinins in this 
disease but their papei does not state how iiiaiu cases of tubeiculai nieininrifis 
thei had It is conccnable tlint then case oi cases belonged to tlic blood gioiip 
AB in which e\ent no isoliemagglutinins would be iound in the cci ebrospinal 
fluid eien if there weie peimeabilifi Secondh it will be noted in another one 
of our eases (6) that the blood showed a tiping of gioiip 0 and the ceicbio- 
spinal fluid gioup A This would inean that one isoheniagnlutinm “a ’ failed 
to pass into the ceiebiospinal fluid It niiglit be that in some eases theie is a 
diflerential penneabilitc Oi possible the missing isohcmagglutinogcn was ab- 
soibed be the tissues Selectno pcimeabilitv has been iiieiitioned In Uirs/fcJd 
and Zboiowski’^ and Kiitschewski and Scbwai/nian among otber« liaee shown 
that human tissues and organs liace the capacite to ahsoib isohcmagglufinins 
Thiidle, it wall be obserecd that we hace lecoided (Case 4) a patient whose 
cerebiospinal fluid eoiitamed the isoliemagglutinins “a ’ and “b ’ (Tepo 01 
wheieas onh “a’ was found in the blood (Tepe B) This can oiih be e\plamed 
on the basis of some erroi m technic oi letoid and is one of those cases icseaich 
workers would like to omit fiom their protocols did tiieii consciences but permit 

The ceiebiospinal fluids examined weio all from liospital patients m whom 
theie was some leason foi an examination of the fluid because of the clinical Ins- 
tore and included twehe specimens fiom insane hospital patients In these Iasi: 
no isohemagglutinins were found 

liVe haxe also examined ten specimens of ascitic fluid tlirce of brdiocele fluid 
two of se-noeial fluids from inflamniatorc conditions of the knee lomt and one 
specimen of Indatid cest fluid All of these weie teped as of the same group as 
the blood with the exception of the fluid from the In datid cc st In this case 
there were no isoliemagglutinins m the cest fluid whereas the patient s blood was 
of group A 

'Willie the isohemagglutmiu content of the cerebrospinal fluid is not quanti- 
tatn eh gi eat that of the other fluids more nearly resembles blood serum in tins 
respect Thus a Indiocele fluid obtained Xovember 8, 1925 and tx-ped as a 
strong gioup B was still strongh reactne and tj-picallv gioup B lilav 14 1928, 
af tci more than tw o and a half wears of storage 

SrilMART 

The presence of isohemagglutinin is reported for aseitie fluid hrdroeele fluid 
and for sniocial fluid obtained fiom knee loints the seat of some inflammatoiw 
piocess Xo isobemagglntinin could be demonstiated in the one specimen of 
indaticl ex St fluid studied 

Attention is ealled to the isoliemagglutinm content of the cerebrospinal fluid 
It was not piesent in 94 pei cent of onr 104 specimens It is suggested that its 
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piesence maA lia-ve diagnostic value, to check Ailiich fuitliei investigation of the 
point IS uiged 
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THE SIGNIFICANCE OF THE PERIODIC IIEALTII EXAMINATION 
.'lND its INFLUENCE UPON THE IIEALTII OF A GROUP 
OF ENLUONEES^t 


SotM^mzixG oOO CoNSECtTUE Pnuiomc IlrAixii Examinations in- Private 

Practice 


Bt Francis Asiilea Fvegiit, MD , PniLvorLPiiLV Pv 


A n ideal nietliocl of estiinatmp: the value of the periodic health examination 
would he to compaie two proups of pcreons of appioximateh similar afres 
and social status One "roup to be examined and told of then defects and abnor- 
malities advised of then importance and insti noted lenaidnifr then correction 
and then reexamined after a period sufiieienth lonpr to peiniit of the earn nipr out 
of the advice gn en , the othei group to be examined and reexamined after a simi- 
lar interval but the mfomation obtained withheld so that anv improvement in 
health would be largeh the lesult of individual initiative in efforts to combat 
actual disease or lelieve annoving svmptoms Since such an ideal clinical study 
IS impossible we mav, as an alternative examine a group of apparentlv healtliv 
persons outline plans foi the improvement of then habits and environment and 
the coriection of their defects and then after a sufficient interval to permit of 
then accomplishment reexamine each one and lecord the improvements 
in the individual recoicls as shown bv the reexamination, compared with the 
original 

Bv this method we should be able to show 

1 The relative frequencv, numbei and character of complaints, defects and 
abnormalities found 

2 The extent of cooperation of each indiv idual as shown bv a reduction in 
the number of defects improvement of habits and the effect of these upon the 
health of the indivudual, as shown bv the second examination 

3 The confidence of the public in the penodic health examination as a 
health promoting measure as indicated bv the percentage of original examinees 
returnins for reexamination from which mav be determined 

4 The tvpes of abnormalities and defects leceivung the greatest attention 
bv the examinees 

5 The age period during which persons show the keenest interest in pre- 
sen mg and improvung then health 

Such data was available in the lecords of five hundred consecutive periodic 
health examinations performed bv me which furnished tlie basis for this analvsis 
Thev comprise five hundred consecutive healtli examinations performed in pri- 
vate practice prior to Februan- 1 1930 and compiled as of February 1, 1931 
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This inteiial of one eai nas necessan m oicTei to bung onf the elements of the 
study as outlined above 

DATA RELATING TO 500 CONSECLTHE PERIODIC HEALTH EXAMINATIONS 

In Table I, of sex distiibution it Mill be noted that a slightly laiger niim 
bei of -women m ei e examined than men This might be iiiterpi eted to indicate 
that Momen aie nioie inteiested in maintaining then health than men In this 
senes the slight piepondeiance in favoi of the female is piobably due to the fact 
that men found it moi e difficult to keep da's lime appointments foi examination, 
01 -neie loath to spaie the tuo horns’ time necessaij^ foi study 


Table I 

Sex DisTitinuTiox 


Femilcs 

2S4 


21C 

Total 

500 


In this gioup the youngest uas eighteen and the oldest se-\ enty-fonr years 


T\ble II 

Ages by Ten Year Pepiods 


AGE 

^0 

PFr CFNT 

IS to 20 vcars 

12 

2 4 

21 to 30 years 

70 

15 2 

31 to 40 -VC irs 

13S 

27 4 

41 to 50 -(ears 

143 

28 C 

II to GO years 

8S 

ISG 

Cl to 70 joars 

35 

72 

Over 71 years 

8 

IG 


GOO 

100 0 


Table II gives the ages bj ten jeai peiiods Heie, it -^nU be noted that the 
majoiity, 281 or 56 pei cent are in the fouith and fifth decades, le, bet-ween 
the ages of tliiity-one and fifty This fact stionglj" suggests the existence 
of a belief among the laity that this is the time vlien chioiiic degeneiative 
pioeesses aie prone to develop, so that bet-«een these ages, the thoughtful m 
dmdual begins to show a moie aetne inteiest in his piesent health and its future 
possibilities 

Table III 

Nu-ubeb axb Percentage Returning eor Ref-^asiination 


One reexamination 

112 

oo o 

Two reexaminations 

45 

0 0 

Three reexaminations 

24 

60 

Pour reexaminations 

30 

4 8 


Table II sets forth the number -nlio haie returned foi reexamination one oi 
moie times, and indicates a definite appieciation of the value of this health- 
promoting sei vice, othermse ovei 22 pei cent v ould not hai e been reexamined 
The fact that 10 8 per cent liaie letuined three or more tunes indicates clear ly 
that it IS possible to develop in intelligent persons, vliat might be called a 
“health examination habit ” 
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Chait 1 sho\\s the t\\cnt\-tlueo principal tomplaints m the oulci of their 
freqiiencv in 431 oi Sb 2 pei cent of this -rioup The leinainitifr G9 or 13 8 per 
cent stated definiteh in tlicir questionnaires that thc\ did not liaie am com- 
plaints and that the examination Mas sonprht increlx as a chctk-np on their 
present health 

111 addition to tlie mam suhicetne complaints lecorded there Mas fre- 
quenth discoAeied eiidence of faulti habits and had cmiionment that ad\crscl\ 



pHint?in’'5o\ mentioned symptoms and com- 


influenced the immediate and future health of the indmdual The more im 

In studmng Chart 2 Minch sets forth upon a pereenta'-e basis tMenfvfi^o 
le pniitipal defects recorded, it should be remembered'that this list is' far 
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Avere report6d to tLo jndiAjdual at tli6 time of the exeminetion, beesu^je it seemed 
best not to acquaint CACiy individual with tlie full extent of Ins defects and 
abnormalities, as in many instances the leport uould hai'e been so formidable 
that it might haAc discouraged the examinee fioni doing ansdliing, and there 
foie, AAould haA'e defeated the purpose of the examination 

SUnriARY 500 HEALTH EXAMINATIOm 


0 10 zo 50 iO SO 60 70 SO 00 100 



Chart 2 — Percentage occurrence of 25 most frequenth recorded defects and abnormalities 
recorded in 500 health laminations 


The actual amount of emdenee suppressed depended, in a large measuie, on 
the number of defects and abnoimalities met in each paiticular individual, so 
that eAcn as here recorded it must not be assumed that active interAcntion vas 
advised in all instances Avhen defects Avere noted In tins study none Avere found 
free of defects, the aveiage numhei per peison Mas 2 86 and the laigest number 
in any one person Avas 9 
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The criterion applied to dcterimne the incUisiou of abiionnalities and de- 
fects was prnnarih Mhethor the condition as discovered appeared dircctlv or 
indirectlv to affect the indnidual s immediate health and comfort or whether if 
uncorrected or nnaiiested thc\ would in a leasonahlv shoit time result m dis- 
ease or be the cause of discomfoit oi disabihtv It is impoitant that this fact be 
home in niiiid otheiwise theie iiiav be some sui prise at tlie relatneh siiial! miin- 
faer of defects noted ' 

TAtinr IV 


'JoME DETPiMrNTvi. Hvrits Bfqi ipisf. MonmrxTioN 



FINDINGS 

NO 

PFP CFNT 

1 

Insufficient evorcise 

ino 

20 I 

o 

Cvreless diet Inlnts 

C3 

12 f. 

3 

Insufficient sleep under C hours 

30 

78 

4 

Insufficient fluid intike, 

less than oO ounces in 24 hours 

2S 

I 6 

0 

Evcessive use of tolncio 


20 0 males onl 

c 

Excessive use of coffee and tea 

2') 

"0 

1 

Long working davs 

10 

38 

s 

Xo recent vacation 

IS 

3G 

9 

Excessive hours of vrork (tveeklv) 

13 

26 


Commenting upon the percentage of chromcallv infected tonsils found it 
should be stated that this does not represent the total of infected tonsils ongi- 
naliy possessed by this group, because it was ascertained at the time of exami- 
nation that 75 or 15 per cent had previouslv submitted to tonsillectomy, so it mav 
be concluded that there were m this series, originally 78 6 per cent of persons 
With infected tonsils 


THE DATA OF 70 COMPARATIVE EXAMIXATIOXS 

In selecting the records of patients who returned for examination it was 
found that onlr seventy of the one hundred and twelve noted m Table III, were 
available for purposes of comparison, because in the earlier examinations the 
information recorded was not sufficiently complete to furnish a basis for com- 
parative analysis so that it is upon this comparatn ely small series that the dis- 
cussion winch follows IS based 

The average interval between examinations was 18 8 months, the shortest 
eight months the longest fifty months 

Chart 3 shows, on a percentage basis the 15 most frequently oceumno- de- 
tects and abnormal physical findings recorded m this group This chart should be 
compared with Chart 4. in which appears in the same order the percentao-e 
ot abnoimahties corrected during the interval between the first and second 
examinations 

a number of less frequently occurring defects and abnormali- 
ties, and a few special examinations vreie, when advised, corrected treated or 
mvestigated m each instance These included one each of mvxedema internal 
hemorrhoids peiiiectal abscess gallstones chrome otitis media and nreteral cal 
cu^also one changed an indoor sedentarv occupation for one with a maximum' 
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usuTTicny ticid cr-rr- 

ccssripmci 27 1 

XEJTrmS CT CSILO-BICE 12 B 

naiL CBrsrcTio’' asd itra-ios le i 


CTagllOS 18 & 

Asiaasii. sxuxiiici 24 2 

Eiunp -ro rEcurc nsr is 7 

Ttr-B EOTUS I-HaT 64 “ 


Ajjggja ccm-ioss Enn&isa £2 s 

2>&iT 


sirai-Tics ros st^juu 37 1 

T03SILS jsnc*^ S4 *• 

AFFTOlCriB CEECaC S 7 

HTFETatZOICltSI 5 7 

OTSEHl \S 37 1 

F£ECJi!::Z<k.17S ccrccicss 12 8 



Chart 3 — Percentage occurrence of 15 most frequentlj occurring defects and abnormalities 
found at first examination 
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QLis IE nica 
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Chart 4 — ^Percentage of defects corrected as noted at time of first reexamination 
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3-}3 

of fresh air ami suiishmo, two patients imHi jng^umal heinia aclopfctl the ear- 
ing of a truss as an aUeinatnc to radical operation one had an x-ra\ of the 
chest, and one had an nnohed loint \-la^cd, tno nere cistoseoped, and there 
were ten patients treated foi anemia (henioglohin less than lO per cent) and 
fourteen had impacted ceiunien rcIno^ed 

As a result of then original evnmination, nine weie recommended to ha%e 
obTionslv diseased teeth lomoAcd while a total of t^\cnt^ nine were adMsed to 
have a partial or complete dental v-iav As a result of the \-iai findings a total 
of mneteen submitted to single or multiple extractions as a result of which, 
fourteen patients, finding themsclies with insufficient teeth to properli masticate 
their food, obtained artificial rcstoiation 

An unexpected bv-prodnet was the apparent cftoct of generalh' improved 
health of the group upon abnoimalitics in blood pressure There were encoun- 
tered twenty-five persons whose sistohc blood pressure was dcfinitelv aboie the 
normal average for tlieir age At the rccxanimation seicnteen showed a dis- 
tinct lowering in high pressure the aierage reduction being 20 mm Hg , the 
greatest in anv one individual was 55 mm Hg There were also recorded seien 
cases of hvpotension. four of whom sliowed a definite rise to approximately nor- 
mal at the tune of reexamination Since none of these individuals at the time of 
their first examination had alarmmglv high pressure no specific adnee or treat- 
ment was directed toward its reduction so that it is rather interesting to note 
that abnormalities of blood pressure tend wuthout specific treatment, to approxi- 
mate normal in proportion as the geneial Jiealth of the individual improves, as 
for example, through the institution of corrective and remediable measures grow- 
ing out of a periodic health examination 

straixiAPT Axn coxcnrsioxs 

An analvsis of five hundred consecutive periodic health exammations is pre- 
sented, together with 22 2 per cent reexaminations made after a period of one 
wear or longer, 10 8 per cent of these hanng been reexamined three or more tunes 
during a period of about five wears 

There were slightly more females than males m the senes , 56 per cent of 
the total were between the ages of thirtv one and fiftv years 13 8 per cent pre- 
sented for examination with no complaints, but all were found to have one or 
more defects The average was 2 86 per person, the greatest number of defects 
in one individual was 9 A tabulation of the more commonlv occurring com- 
plaints IS presented m order of frequenev and percentage of occurrence together 
mtli the twentv-fiie most common physical abnormalities found, presented in 
Similar form 

A smaller group comprising those who returned for one reexamination is 
analyzed to show the order of fieqnency and percentage of oeeurrenee of com- 
plaints and abnormalities and in addition the percentage of corrections of ab- 
normalities ongmalh reported as determined at the reexamination, from which 
maj be concluded that 

1 The periodic health examination defimteh appeals to the public, as a 
means of discoiermg and arresting tliose conditions that mav later lead in 
phvsical infimutv 
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2 Females and males aie about equally interested in the promotion and 
prolongation of their health 

3 The age of greatest interest in matteis of health lies between thirty-one 
and fifty jmars 

4 No adult, upon caieful examination, mil he found entirely free of physi- 
cal defects, or without bad habits, and adveise conditions of ennronment 

5 A surprising numbei of phjsical defects and abnoimalities and detri- 
mental habits may be discovered in apparently healthy persons by means of the 
periodic health examination 

6 Properlj’- presented, there seems to be little difSculty in persuadmg the 
indmdual of average intelligence to proceed mth corrective treatment, even 
when it entails special examinations, radical opei ations and prolonged treatment 

7 There is a distinct tendenej’^ tonard improvement in hiiiertension and 
hjqiotension, follomng the removal and corieetion of abnormalities and defects 
discovered at the time of examination 

8 There can be ver}’- little doubt that the systematic discoyery of defects 
and abnoimalities and corrections can fail to lead to better health, improved 
efSeiency and longer life 

500G Spruce Street 



THE ISOLATION OF ORGANIS'H OF THE ABOHTUS-iMELTTENSIS 
GROUP FROil A BLOOD CLOT THE &ERLI>I OF WHICH FAILED 
TO GIVE AGGLUTINATION WITH B ABORTUS 


Bv RtTn Gilbert 31 D , and H Gmdis Dvcei B S Nlw 3ork, N Y 


F AILLTIE to obtain an agglutination reaction amIIi B aboitiis in the sera of 
patients liaMng nndulant fever has been reported bj a number of authoi'S 
Onlv two liowe\er, ha\e mentioned the isolation of the oiganisms from the blood 
in such cases 3IontagnanP (1923) in an article on the intradcrmal reaction re- 
ferred to earlv cases of nndulant feier in iilucli no agglutinatne properties could 
be demonstiated in the serum although the organisms were isolated from the blood 
and an intradcrmal reaction was obtained Burnet- (1925) stated that m liis 
experience the absence of the agglutination reaction was more frequent in the 
sera of patients infected vnth B melitensis than in those infected writh B abortus 
Tramontano^ reported the results of the study of sixtv-fi\ e patients ha\ ing clini- 
cal svmptoms of undulant fever, the sera from nine of whom failed to give agglu- 
tmation with B abortus He mentioned, howei er that ten of the sixti -five cases 
proved not to be undulant fever Carpenter and Boak'* (1930) indicated that 
frequentlv no agglutinatn e properties are present in the serum of patients suf- 
fermg from the disease Thev mentioned that 6 per cent of the cases which the> 
had studied had fallen into this group In a personal communication however, 
Carpenter stated that he had isolated the organism from the blood of only three 
of these patients Giordano and Sensenicli ® in discussing the literature relative 
to cases of undulant fever where the blood fails to agglutinate the incitant of the 
infection, make the following statement “Our cases suggest this possibility but 
further imestigation of the point is neeessaw ” 

Smee B abortus has so seldom been isolated from the blood of such cases 
the report of an additional instance mav be of interest 

A specimen of clotted blood was submitted to the branch laboratoiw three 
weeks after the onset of illness No agglutination of B abortus was obtained 
either m this serum or in one examined two weeks later in the central laboratory 
in Albam Tests were also performed with B typhosus, B paratyphosus A, and 
B paratvphosus B wuthout agglutination being obtained The blood clot was 
tultui ed in about 25 c c of In er -infusion broth Pn 6 8, in a bottle with a rubber 
stoppei and incubated at 37° C for one week At the end of that time, two 
plates of 111 er-infusion agar were inoculated with the broth and incubated in a 
closed jar in which approximatelv 10 per cent of the air had been replaced bv 
carbon dioxide After one week’s incubation, colonies of organisms belonging to 
the abortus melitensis group had dei eloped Suspensions of the giowth were 
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agglutinated in a 1 2500 dilution of immune seium prepaied ivitli B aboitus 
The organisms weie not agglutinated in the patient’s seium 

The histoiy uhich accompanied the specimen gave the following data The 
patient, a housewife of fortj -five yeais, became ill on Apiil 1, 1930, with pain in 
the chest, headache, vomiting, shoitness of bieath, and fever varying from 100 
to 103° She was deliiious at times There was no histoiy of diairhea, consti- 
pation, or aithritis Remissions of tempeiature occurred eieiv dav at about 
noon, lasting foi approximately foui houis Tlie pulse varied fiom 88 to 120, 
respiration from 24 to 40 The spleen was not palpable and tlie hunph glands 
were not enlarged In April, 1928 (two years before), the patient had been ill 
for eightecen veeks, the snnptoms noted at that time coi responding exactlv 
■with those observed in 1930 

There was no histoij of contact nith goats, eons, or sivine, but the patient 
had drunk law milk obtained fiom a lieid of cons in -(ihich aboitions had 
occuried 
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NORMAL RELATIONSHIPS OF BLOOD AND URINE PHOSPHORUS* 


Br BunvH.nr S IVALKrr, Pn D , Bosxov, I^Iass 


T he relationships of excretion rates of certain urinary constituents to the 
amounts simiiltancousB found in the blood haxc been e\tcnsl^el^ studied 
This IS particularlv true of urea for ivhich substance se\eral ln^estlgato^s haie 
proposed mathematical formulations representing the a^erage excretion rates 
for definite blood lei els (Ambard, 1920 Addis and ITatanabe 191/ , JIcLcan, 
1915, Austin Stillmdii and Van Slvke 1924, Rabinou itch 1025, Adolph 1925, 
Walker and Roive, 1927) The relationships obsened bi these different iniesti- 
gators, while not identical, arc in no case i\ ideli dii ergent Such differences as 
occur are to be attributed rather to lamng approach to the mathematical anal- 
ysis of the data obtained than to fundamental differences in the obsenations 
themsehes It is possible by taking into consideration carnations in the experi- 
mental procedure to harmonize the results obtained in the case of urea 

This does not seem to be the case as far as the other urinary constituents are 
concerned, except perhaps in the case of creatinine, where ue are dealing with 
what is for aU practical purposes a constant blood lei el and a constant excretion 
rate Surelv in the case of phosphorus tlie problem is as yet by no means clear 
This paper is a report of an attempt to obsene the normal variations in the 
excretion of phosphorus and to compare them inth the lamng content of the 
blood in the various groups of phosphorus compounds The general experimental 
procedure is based on that used in a prenous studv of urea excretion (Walker 
and Rowe, 1927) which in turn was based upon the methods of JIcLean (1915) 
Subjects — ^The observations were made upon sixtv studuents in the first 
year of their medical course All were in good health, and had shown satisfac- 
toiy kidnev function with the phenolsulphonephthalein test and bv analvsis of 
the blood for the usual mtrogenous constituents Five of the group were women , 
no differences in phosphorus excretion attributable to sex u ere noted hence they 
have been meluded in the group without special designation 

Collection of Samples — With the subject fastmg, a one-hour unne collec- 
tion, aecnrateh timed, was completed before 9 00 a M Water was allowed as 
desired by the subject, since this was a study of variations, no attempt was 
made to standardize water intake or activitj Subjects were permitted to occupy 
themsehes as thev washed during the hour of collection Blood was taken at 
approximateh the middle of the hour period, placed in a bottle containing dry 
lithium oxalate (one mg per e e blood) and the anahsis started at once 

Analytical Methods — ^In the blood, determinations were made on each sam- 
ple for inorganic phosphate phosphorus acid soluble phosphorus, and total phos- 
phorus, using the methods of Fiske and Subbarow (1925) with such shght ad- 
ditions and modifications as described by Walker and Huntsmger (1930) ° From 
these an ahiical results, lalues were obtained for inorganic phosphate phosphorus 

•From the E\ans UemorKl and Boston Cnitersitv School o£ Medicinf 
I iceUed for puhllcation August Ij I'*’! 

347 



348 


THE JOUKXH OF lABORVTORT AXD CLINICAIj '\IEDICI^E 


acid-soliible oigamc pliospboins, total phosplioius and lipm phosphoius Tlie 
last ivas obtained bj subti action, latliei than by diiect analj sis (Kar and Brioni, 
1927 , Walkei and Hnntsinger 1930) 

In the mine aside fioin ineasuiement of the Aoliime of the hour collection, 
deteiniinations neie made of inoiganic phosphate phosphoius by the method of 
Fiske and Subbalo^\ (1925) and of total phosphorus This lattei analysis ivas 
earned out as follons a lueasmed lolume of mine (the same roliime as taken 
for inoiganic phosphate deteimination, nsuallj* one cc, oecasionallj up to five 
c c ) lias put into a 200 X 25 mm pi icy test tube and fiie c c of 10 normal sgl 
phuiic acid added The nater iias diiven off bi heating in a beakei of boiling 
iiatei until chariing took place The remaining acid solution ivas heated oiei 
a mieio-bmner nith the addition of stiong nitric acid diop by dioji until the 
solution Has cleai and coloilcss, and foi about tliiity seconds longer It ivas 
then cooled and transfeiied to a 100 cc volumetiic flask nith about 60 ce of 
water 

To the contents of the flask ii as added 10 c c Molybdate III (Fiske and 
Subbarow), four cc of the usual reducing agent (1-2-4 amiuo-naphthol sul 
phonic acid) and watei to 100 ce volume ^Iftei mixing and alloii mg to stand 
ten mmutes, a leading i\as made in the Duboscq coloiimeter against the usual 
standaid (0 4 mg P) It mil be noted that this piocedure is the same as that 
for total phosphoius m whole blood It leqimes less time foi the digestion on 
account of the smaller amount of organic mattei jJresent 

The difteience, if anj*, between the inoigamc and total phosphorus lepre 
sents the oiganic phosphoius in the mine This method of determination of 
organic phosphoius bj difteience is of comse subject to the added eirois of the 
two component analj ses A pi efeiable method for largei amounts of urine would 
be that described bv Youngbuig and Puchei (1924), in nhich the inorgamc 
phosphate is fiist lemoied by pieeipitation with magnesia mixtiiie and the fil- 
tiate digested This method leqmies laigei samples than aie often obtained in 
houi specimens 

Inoigamc Phosphate m the Uiine — The inoiganic phosphate laiied between 
a minimum of 0 0256 mg (as P) pei c c mine and a ma\imum of 2 10 mg pei 
c c , with a mean of 0 603 mg per c c The median value is slightlj Ion ei, 0 522 
mg per c c 

The maximum of 210 mg pei cc of uiine does not in am iiai lepiesent 
a “maximum concentiation” m the sense used bj Ambaid, meaning the limit to 
iihieh the Indney is able to coiieentiate a given substance Wigglesnoith and 
Woodioii (1924), by taking sodium phosphate by mouth leached mine concen 
trations of 3 7 mg pei c c , and did not feel that they had reached a limit to the 
powei of the kidney to coneentiate phosphate 

Oiganic Phosphoius m the Viine — ^The occiiiience of organic compounds 
of phosphoius in the uime is stdl, despite a massive numbei of titles on the sub 
jeet, fiequentlj denied oi neglected in books oi papers dealing with uiinarj 
phosphoius The ii eight of the evidence appears to indicate the presence of an 
appieciable amoiuit of phosphoius in an unoxidized foiin The liteiatme up to 
1914 IS siimmaiized bv Foibes and Keith (1914) who state that tlie oiganic phos- 
phorus fi action IS too laige a factor to ignoie in any quantitative iioik 
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Youngbuig and Puclier (1024) liaAc made an cxtcnsnc stiuh of tlic ex- 
cretion of organic pliosphoins using their direct metliod of analcsis Thc\ find 
an average elimination of 0 131 nig (as P) per kilo per twentj-fonr lionrs 

Brain, Ka’i and Jilarsliall (102S) fonnd organic phosphorus m the urines 
of 17 normal individuals in concentrations ranging from 0 to 0 028 mg per c c 
using Briggs’ method 

The possible pathologic significance of increased organic phosphorus in the 
urine has been considered oceasionalh since the time of ZiieBer (1881) and of 
Lepme, Evmonnet and Aubert (1884) Snniners (1904-05) studied the excre- 
tion of organic phosphorus in the urine in nine different diseases, findinu it sig- 
nifieantlv increased in hmiphatic leucenna and in nerx ous diseases 

In our senes of normal indn iduals organic phosphorus determinations in 
the urine uerc made m 59 eases In 15 of these no organic phospliorus nas de- 
tectable In the reniaimng 44 eases the organic phosphorus vaned to a maximum 
of 0 195 mg per c e Tlic mean xaltie (including all cases) nas 0 018 mg per c e 
The hour s exci etion of organic phosphorus varied up to 4 2 mg , vath a 
mean value of 0 729 mg Assuming a constancy of excretion throughout the 
twenty-four hours (nhieh is not onlv unlikelv, but distincth opposed to the find- 
ing of an irregular excretion rate for organic phosphorus (Youngburg and 
Pucher, 1924), yet convenient for a rough comparison of results) the twenty- 
four-hour output of organic phosplioiiis nould be up to 100 mg Tins is a lower 
xalue than that observed bv lilathison (1910), and is in fair agreement vntli the 
figure obtained by Youngburg and Pucher (1924) and quoted above No cor- 
relation between the amount of organic phosphorus eliminated and the blood 
levels of anv of the groups of phosphorus-containing substances was noted 

Excretion Bates of Inoigamc Phosphonis — With hourly unne volumes 
ranging from six to 350 e c the amount of inorganic phosphate (as P) excreted 
during the hour varied from a maximum of 63 7 mg to a minimum of 4 44 mg 
The mean value for the hour’s excretion was 21 7 mg the median 18 6 mg 

The simultaneouslv observed concentration of inorganic phosphorus in the 
blood in these same cases varied from 2 6 to 4 7 mg per 100 cc whole blood 
The mean value was 3 6 mg 

The correlation coefficient between concentration of inorganic phosphate m 
the blood and the rate of excretion was 0 416 ± 0 071 showing that the effect of 
vamng blood concentration on output is apparently less than is the ease with 
urea, where we hav e shown that the correlation coefficient is 0 840 rf: 0 013 
(Walker and Rowe, 1927) 

The linearity of regression in the case of phosphorus can be demonstrated 
bv calculation of the correlation ratios 


q yx = 0 434 
Ti xy = 0 398 


vliich do not vary from the correlation coefficient by more than its nrobablp 
error ■* 

Bv plotting the average values of inorganic phosphate output per hour for 
each blood phosphate level (using intervals of 0 2 mg), we obtain the points 
lowm in Fig I Assuming a threshold for inorganic phosphate at a blood level 
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of 2 4 mg per 100 cc (WigglesMOith and 'Woodroiv, 1924) the points are well 
lepieseuted by a line (diaira solid) the equation of -which is 

D = 18 2 (B-2 4) 

■wheie D is the output of inoiganic phosphate in nig per hour and B is the con 
centration of inoiganic phosphate in the blood m mg per 100 c c 

The line drawn in dashes represents the best fitting hne regaidless of the 
threshold This line intercepts the x-axis at about 2 1, fixing the threshold at 
that point, and giving a someu hat steeper slope The equation is 

D = 13 5 (B-2 1) 

The dotted line lepicsents the equation 

D = 50 (B-2 9) 

derived by Adolph (1925) fiom the data of Wiggleswoith and IVoodiow In 
this expeiiment -watei ivas taken in excess Undei such conditions the latio be 
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tween the blood concentrations and the elimination lates of uiea tends to be 
stabilized (Addis and Druij, 1923) It seems piobable that the diffeience be 
tween the two lines is attributable to the difference in -water elimination between 
oui expeiiments and those of Wiggleswoith and Woodiov and that -with m 
creased watei output our line -would appioach the other 

The effect of mine volume on the excietion rate of inorganic phosphate 
within the limits of vaiiatioii found in our series seemed at fiist to be iiegbgible 
The coi relation coefficient bet-\ieen excietion rate and mine lolume vas 0 191, a 
value -which can propeily be consideied as lep resenting no correlation If the 
average output of inoiganic phosphate be plotted for eacli urine volume (using 
intervals of 25 c c ) the points sho-wn in Fig II aie obtained This is suggestive 
of the existence of an “augmentation limit” foi phosphate similar to that de- 
fined for urea bv Austin, Stillman and Van Shke (1921) The con elation ap 
peais to be fan up to about 100 c c and then bieaks down completely Pie-^noiis 
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investigators CWigglosnoitli and AVoodio\\, 1924 Hazard and Reay, 1926, 
Brain Kai and ilarsliall 192S) liaAc obscr%ed the failure of correlation of out- 
put mth lolnme all of these imcstig.itors lla^e ^^orkcd ^^ltll large volumes of 
water It seems definiteli established that hcv ond a certain maximum the 
amount of water eliminated has no effect on the rate of phosphorus excretion 
Below 100 cc per hour there seems to he a limiting effect of small volume on 
rate of elimination 

:Most modern woihers agree to the existence of a threshold for phosphate 
(see Adolph 1925) Failure of cxcietion of phosphate below the threshold has 
not been demonstrated in man Brull (1927) found that under chloralose anes- 
thesia dogs ceased to eliminate phosphate below a blood level of 4 mg per 100 
cc plasma The threshold suggested bv TVigglesworth and IVoodrow for man 
(2 4 mg per 100 cc blood) coincides well wuth our observed excretion rates, 
which allow for a threshold between 2 0 and 2 4 mg per 100 c c whole blood 
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Other factors than concentration of inorganic phosphate in the blood and 
rate of water elimination nndoubtedlv influence the rate of phosphate excretion 
The concentration of acid-soluble orgamc phosphorus compounds in the blood 
might be expected to have an effect as a result of the action of kidnew phosphatase 
(Bram and Kay, 1929) feince, however, the major portion of this group of com- 
pounds IS in the corpuscles (Brain, Kav and ilarshaU 1928) one would hardly 
expect correlation between whole blood values and urine output Increase of 
the ester phosphorus of the plasma by injection of sodium glycerophosphate 
(Bram and Kav 1929) conditions an increase in the elimination of inorgamc 
phosphate In our series, we found no correlation between the acid-soluble or- 
gamc phosphorus of the whole blood and the rate of ebmination of inorganic 
phosphate The same w as true of the lipm phosphorus 


Another variable which we have not considered in this senes is the state of 
the alkaline reserve 'With increased necessity for the elimination of acid Hal 
dane Wigglesw orth and Woodrow (1924) have shown that there is an increase 
in the elimination of phosphate 
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SUMMARY 

In a senes of 60 young adults, under noiinal conditions in all lespects ex- 
cept that they iieie fasting 

1 The luoiganic phosphate of the mine varied hetv ecn 0 0256 and 2 10 mg 
per c c , vith a mean of 0 603 nig (all \ allies given as P) 

2 The 01 game phosphorus of the iirme varied hetv een 0 and 0 195 mg 
per e c , with a mean of 0 018 mg 

3 With mine volumes vaijung from 6 to 350 cc per hour (a) the hourly 
elimination of inoigamc phosphate vaiied from 4 44 mg to 63 7 mg, mean 
value 217 mg, (b) the houilj elimination of oiganic phosphate laiied from 
0 to 4 2 mg , vith a mean at 0 729 mg 

4 The correlation eoefdcient betneen eoucentiation of inoiganic phosphate 
in the blood and the late of elimination of inoiganic phosphate vas 
0 416 ± 0 071 

5 The thieshold value for inoigame phosphate lies between 2 4 mg per 
100 c c whole blood (as suggested b 3 ' Wigglesvoith and Woodrow ) and 2 0 mg 

6 While theie is no con elation between watei excretion and phosphorus 
excretion over the whole senes, there seems to be a tendencj’’ for simultaneous in- 
crease up to an “augmentation limit” at a mine volume of about 100 cc per 
hour 

7 No correlation was observed between excretion rates of inoigfinic or or- 
ganic phosphorus and the blood lei els of the groups of organic phosphoius 
compounds 
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LABORATORY METHODS 


THE ASCHHEIjM-ZONDEK TEST, MODIFIED, FOR DIAGNOSIS OP 

EARLY PREGNiVNCY" 


Clinical Application in 100 Cases 


Bt John I Fanz, M D , ^vnd ED^\^N S Gault jM D , Philadelphia, Pa 


O UR A\ork m the coirohoiatioii of the original Aschheim-Zonclek test was be 
gnn eaily in Fehiuaiy, 1929, and at that time tlie oiiginal method^ was 
closely adheied to Aftei the peifoiniance of possibly a dozen tests, the results 
of which aie not included in this article, we weie clearly conyinced that for 
routine woik Asehheim’s idea of using laiied amounts of mine in 5 mice was 
unnecessarj and impiactieal The authois, in tlieir original aitiele, fiown upon 
any modification of their tcchnie, but iieieitheless we belieyc that safe lesults 
aie alwaj'S obtained with the use of 0 3 c c of the patient’s mine piovided it be 
secured as a first specimen w hen the patient arises in the morning If this speci- 
men IS filteied and refrigeiated, and kept lefrigeiated, duiing the three days’ 
duration of the test, it is alwajs well toleiated by the mice, and will give clear- 
cut results 

The objects of this inyestigation can be summarized as follows 
1 To yeiify the high degree of accuracj claimed by Aschheim and Zondek 
2 To present a senes of cases including piegnant females, nonpregnant 
females, and male contiols 

3 To estabbsh the eaibost possible date at which the test is reliable 
1 Accmacy — In our series of 100 cases, 6 were fallacious, gmng us an 
accuracj of 94 per cent Of the 6 cases in erior, the first and second, series Nos 
2 and 87, were questionablj^ positive and repetition was advised This was pos 
sible in the fiist case, and lesulted in a concct leaction The othei (second case) 
passed from our obseivation before the test could be repeated In the third 
case senes No 80, the mine was appaiently tOAic, and lesulted in the death of 
3 of the 5 mice, and the test waS positive in only one ovaij' In the fourth and 
fifth cases, series Nos 38 and 41, the reactions were eleai-cut and the discrepancy 
cannot be explained at the piesent writing In the sixth case, series No 95, a 
negative gioss and histologic result was obtained, the clinicalh positive diag 
nosis, how'ever, depending in this case upon the smgeon’s opinion of earlj’’ pieg- 
nancy during lapaiotomj^, no follow-up was possible 

It will therefore be seen that the accuiacy of the test is probably as high 
as 98 per cent 

In no case was a positive reaction obtained on male contiol urine One ease 
was positive in a nonpregnant female Five cases weie negative in pregnant 


•From the Laboratories of Pathologrv Medical School Temple UnUersiu 
Recef\ed for publication August S 1**31 
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^voraen In none of these fne ^^ns the sample the first morning specimen, mIucIi 
fact emphasizes the importance of this detail m technic the hormone being more 
diluted 111 the dav urine 

2 Synopsis of .Scncs— The cases of oiir senes nere distributed as follows 
a Pregnant females, 61 per cent, falling into the groups shomi m Table I 
as to duration of pregnanev 


Tmur I 
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THAX 

llIO 

1 MO 

- MO 

3 MO 

4 MO 

“> MO 

f) MO 

V MO 

S MO 

9 MO 


llGTc 

16 iTc 

i^To 

S27o 

6C% 



8 

SSci 


b Xonpregnant females, 27 per cent, shomng the follomng diagnoses 
functional amenorrhea, 13 cases, amenorrhea follomng debiery, 5 cases, normal 
females, 4 cases , psoriasis, 2 cases tumors 2 cases , hvdatidifonu mole 1 case 
c Male controls 5 per cent 

d Discarded cases, 7 per cent, due to death of mice or insufficient clinical 

data 



Tig 1 — Graphic representation of anterior pituitarv hormone discharge during pregnanes 
and puerpenum The ten lunar months are indicated by Poman numerals I to *nie eight 

uajs of the puerpenum are Indicated b> Arabic numeral 1 to 8 Hea\y solid line < ) i <5 

cur\e of anterior pituitary hormone discharge (Pedrawn from Aschheira and Zondek.) 

3 The Eaihest Possible Date at Which the Test Is Ttehabte — Cases were 
dihgentlr sought in which a suspicion of pregnancy m its earbest days was 
entertained so that the test could be conducted allowing the lapse of gestation 
to reveal its aeeuraej In the follomng illustration redrawn from Aschheim and 
Zondek, a graphic representation of the discharge of pituitarv hormone is shown 
as a solid cume It is to be noticed that its maximal height is reached mthin 
two weeks follomng conception, faUing ofiE graduallv throughout the period of 
gestation, and i eiw abruptly through a period of ten davs after debvery It is 
to be borne m mind that it is the pitmtarv hormone hj-perseereted during pre"-- 
nanci , that causes ovarian maturation and omlation in infantile mice 

One case of fourteen da^s’ duration ga-^e us a distinctly positiie result 
which was proved bv date of delivery In the general summarv Cases 3a 45 74’ 
uere of less than one month s duration Cases 50, 52, 56, 66 77, 79, 83 were of 
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Table II 


Detailed Syaopsis of Cases 


CASE NUMBER 
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♦Mice died during- test. 
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Xormal Male 
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Xormal Pregnancv 


•Mice died during test. 


less than two months’ duration Cases 29, 46, 49, 53, 57, 61, 65, 72, 93, 100, 
Mere of less than three months’ duration, making a total of 33 per cent of the 
senes of less than three months’ duration, the period in which chnieal diagnosis 
IS impossible or doubtful 

It will he noted that of this senes of 20 cases, hut one ease, Case 95 was 
incorrect In this instance the test was negative The surgeon, on perfomuno' 
an appcndeetomv, stated that he had observed a pregnant uterus at the time of 
operation Xo follow-np cheeking was possible 
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These findings alone emphasize the value of the test in the eaily days or 
weeks of pregnancy, vhen clinical findings do not merit a diagnosis of the con 
dition The authors are of the opinion that by using 0 3 c c of the first morning 
specimen of urine positive leaetioiis aie obtainable even during the first week 
of gestation This would make the test of gieat value in the lecognition of the 
obscure cases of early ectopic gestation 

TECHNIC or THE MODITIED TEST 

Apparatus and Materials Requiied 

1 One tuberculin sjminge, 2 e c capacity, kept in a jar of 95 per cent 
alcohol, for the purpose of sterilization 

2 Seieral 3-ineh steiile funnels, foi filteiing uiinary specimens 

3 Package of steiile filter papers to fit funnels 

4 Test tubes, 150 nun bv 30 mm , fitted vith tinfoil-covei ed coiks, sterilized 
in hot-aii oven at 170° C foi one hour 



Fig- 2 — Pliotograph (magnification appro-^inintelj 4X) to show internal genitalia of 
ti\e mouse (Serial Case CC) three weeks old weight 7 gm Fallopian tubes and otaries show 
some enlargement, and are a pale pink color Note three large corpora hemorrhagica (blooa 
spots) projecting from the surface of the right o\arj and one from the surface of the ieft otarj 

5 One battery jar with screen cover, and suitable heddmg, etc , to house 
the 5 mice for each test 

6 Splinter forceps 

7 One pair straight manicure scissors 

8 One hand-magmfier, or low-pon ei dissecting microscope 

9 One cork board, 6 inches by 12 inches by Yo inch, v ith pins, foi dissection 
10 Immature oi nymph female white mice, less than three v eeks old, weigh- 
ing from 5 to 8 gm , 5 foi each test 


TECHNIC 

The patient is instructed to Aoid directly into the laige steiile test tube fur- 
nished by the laboiatory At least 25 ec of urine should be collected, eathe- 
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tenzation is ^^nneccssal^ The specimen slionkl be secured on arising in the 
morning and be inimediateh sent to the laborator% foi refrigeration M time 
of the test the urine is filtered in an aseptic manner, using the sterile funnel and 
sterile filter paper and a sterile test tube for its reception Kefrigeration of the 
sample must be maintained thioughout the duration of the test The sterile 
2 c e tuberculin s^'^lnge is loaded and each of tbe 5 mice is iiiTPCtcd subcutanc- 
ouslv Mith 0 3 c c of the urine The imcction is made at the root of the tail, on 
the dorsum of the animal, between the skin and muscle 

Each mouse receu es 6 injections of 0 3 c c of filtered urine, on three suc- 
cessive days, as follows 



Fig 3 — Photomicrograph (16 mm obj magniflcaUon approximately lOOX) ot section 
01 o\an from positiie mouse (Serial Case 49) Note enlarged mature graafian folhcles some 
sho^^mg o\a Also note t^o corpora lutea one corpus hemorrhagicum m the upper right hand 
portion of the section 

Same dav urine is receiv ed, injections at 1 p m and 5 p sr 
Second day, injections at 10 \ vi , 1 p m , and 5pm 
Third day, injections at 10 a m 

On the afternoon of the fifth dav, fifty-two hours after the last injection, 
the mice are lolled bj passing illuminating gas into battery jars bv means of a 
hose the top of the jar bemg covered by cardboard 

Dissecting is accomphshed by means of the splinter forceps and mameure 
scissors Good illumination and the magnifving glass will facilitate the pro- 
ceduie The incision is made m the median fine the intestines bemg pushed 
upwards to expose the uterus and tubes The otaries ivill be found m the 
MClmt^ of the lower pole of each kidnev Thev can be drawn down by means 
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of the splinter forceps, and studied carefully under a dissecting microscope or 
magnifier, without lemoial Positive tests depend upon the finding of one or 
more hlack spots from ^ to 1 mm in diameter, projecting as spheiic nodules 



Fig 4 — Photomicrograph (16 mm obj magnification approximately IDO'S.) of section of 
right o\arj mouse No 3 (Serial Case 16) Note numerous mature graafian follicles manj with 
o\a In tlie upper left hand portion is seen a de\ eloping corpus luteum with corpus hemor- 
rhagicum and also two well-marked corpora luCea In lower right portion 



Fig 5 — Photograph (magnification approximatelj 4X) showing internal genitalia of 
mouse tliree weeks old weight 7 gm Note the small size of uterus tubes, and ovaries also 
absence of follicular de\elopment and corpora hemorrhagica (blood spots) 


from the ovaiian surface These are the “blut punkten” (coipora hemorrhagica) 
of Asehheim and Zondek (See Pig 2 ) In the absence of these, the test may 
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still lie positiie, lint rcqiiucs histologic studj of the oium for ^c^ elation of the 
corpus luteuni with oi without hemorihagc (See Figs 3 and 4 ) If the preg- 
nanev test he negatne, no gross nor histologic corpora heniorihagica noi corpora 
lutea are detectable (See Figs o and 6 ) 



Fig 6 — ^Photomicrograph (IG mm obj magnification approximate^ lOOX) o£ section 
from Diary of negatne mouse (Serial Case 73) Observe numerous immature small and one 
large graafian follicle Xo corpora lutea nor corpora hemorrhagica are present. 


APVAXTAGES OF THE MODIFIED TECHXIC OVER THE ORIGES'AL 

The use of 0 3 e c of the patient’s filtered nrme given to each of the 5 mice 
obviates the necessity of labelling or isolating each mouse separately according 
to dosage The maximum dose, 0 3 c c , gives a clearer-cut reaction even when 
the day urine is used 

COXCLUSIOXS 

The use of male urme seems to have no effect upon the mice, the uterus, 
tubes, and oxaries remaining infantile 

In case of hydatidiform mole a positive reaction was obtained - 

Tubal and oiarian maturation in the in 3 ected mouse is proportionate, prac- 
tically m all cases, to the duration of the pregnancy in the woman from whom 
the urine i\ as obtained 

Unfortimatelv no cases of pitnitary hvperfunction were meluded m our 
senes 

The possibihtv of false positives in cases of hrperfnnetion must be con- 
sidered but those cases are easilv excluded bv their svmptom complex 
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The mimbei of pieMons pregnancies in each case tested seems to have no 
influenee whatsoever on the reaction 

Coloi, race, and age are Avithont bearing 

It IS evident in noimal female contiols, le, nonpregnant women with 
regular menses, that the mice remain infantile aftei injection, whereas in non- 
pregnant females suffeiing with functional amenorrhea, there is a tendency for 
the uterus and tubes in the mice to be slightlj enlarged, and for the hvmen to 
disappear, without however changes in the or ary, the latter being the significant 
finding in a positive test 

The chief disadvantage of the test in the modem clinical lahoratoiv is the 
difficultj of hanng on hand immature female mice, less than three weeks old, and 
weighing not more than 8 grams A minimum of 15 female breeder mice, and 5 
mature males is necessarj, but mating is not alwars controlled, due to seasonal 
influence 

In certain instances the test cannot be performed due to toxicitj of the 
urine causing death of the mice 

Tlie number of injections (30), over a period of three days is extremely 
laborious 

The recognition of sex in njunpli mice may he difiicult to the average 
pathologist 

Dissection requires some skill and anatomic knowledge due to the miniature 
nature of the organs 

Up to date we believe that the Aschheim-Zondck test as herein modified, is 
the most accurate method for establishing a diagnosis of pregnancj' This method 
has given the earliest possible diagnosis of pregnancy, and the clinician will see 
clearlj’" that the test would be of help in the diagnosis of ectopic gestation 

The authors wish to express their appreciation to Dr Harriet L Hartlev, Bureau of 
Cliihl Hygiene, Pliiladelphia, and to the various memhers of the stiffs of Temple University 
and Greitheait Hospitals, for their cooperation in furnishing cliuicil miternl for tins work 
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A SEETHOD FOK THE COLORTJtETRIC DETERAIIXATIOX 

OF ARSEXIC" 


B\ Gin. E Youxgburg Pn G Pn D , axd Tasov E FARnEP, Blffalo, X T 


T his paper presents a rapid but accuiate method for the determination of 
arsenic in biologic materials organic arsenicals etc Altliongh manv methods 
and modifications of them liaie been proposed in the past, and especialli in the 
last seveial vears, no one has proied to be cntirelr satisfactory’ Endentlv im 
provements are still sought A comprehensne renew of the literature up to 
1927 is found in the papers of Minot* and Kleinmann and Pangritz - Since 1927 
a number of methods of different types liai e been pi oposed = < ® t 

We have found that the diieet determination of arsenic colorimetncaUy, 
after oxidizing its sulphide ♦ is verr satisfactory The organic matter contain- 
mg arsenic, is oxidized with sulphuric acid mtric aeid and perhydrol and the 
arseme is precipitated as sulphide This is then readilr oxidized with sulphuric 
acid and perhydrol and a blue color is developed bj the addition of molybdate 
and stannous chloride 

Stannous chloride reduction of arsenomoh bdic acid gives much more color 
than other reducing agents which have been used up to the present time This 
reducing agent is being used pnneipallv for phosphorus determinations, ® 
but IS applicable to arsenic ** *- 

Several of the special reagents emploved in the following method are those 
used in this laboratory for phosphorus determinations and the eolonmetric pro- 
cedure IS essentiallv the same For the sake of convenience we redesenbe several 
of the reagents and a part of the procedure which has been published elsewhere 
for phosphorus * 

METHOD 

Special reagents leqmied 

1 Ten Xormal Sulphuric Acid — 150 cc of concentiated sulphuric acid* 
e p are added to 1100 c e of water This solution is titrated and diluted to 
make 10 normal 

2 ilolvbdate-Sulphuric Acid ilixture — 

Solution A Mix 50 c e of 7 5 per cent sodium molybdate 
(XaoMoOi 2 H 2 O) c p , P-free and 50 c c of 10 X sulphune acid 

Solution B ilix 50 e c of 7 5 per cent sodium molvbdate c p , P-free, 
25 e c of water and 23 c e of 10 X* sulphuric acid 


•From the Department of Biological Chemiitrv Em\er£itv of Buffalo Medical School 
Pecei\ed for publication Jui^ 30 1031 * 

tAlthouRh ■ne use a lomenhat similar oxidation and sulphide precipitation fn 
Fellenbcrf:* the subsequent process is entlrelj different. Also the method of Poliakow and 
kolotv‘ bears no slmilarita to ours except that thea finalU use a stannous 
arsenomoUbdate (after Felsl) Their concentrations differ avidelj from oure since 
adjusted to jri\G the maximum color possible ^ ^ tue\ are not 

tSuiphidc precipitation for the quantitatiae determination of ^ 

not unu*5uaM in small amounts is 

SAMiilo arsenic-free brands of sulphuric acid can be purchased the c. n ^ 

enxl iaboraton purposes Is usualK pracUcaUj arsenic free Blanks must be i^n^h^on*^ 
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3 Stannous Cliloiide Solutions — (Stock and dilute solutions accoidmg to 
Kuttnei and Colien ) 

Dissoh e 10 glams of stannous cliloiide, c p (preferably Kalilbaum’s) 
in 25 e c of coiicentiated In dioeliloiic acid, c p Stoie in a bioivn, glass 
stoppered bottle 

Dilute 0 5 c e of tbe abo%e stock solution to 100 c c with water Tins 
solution IS safe to use foi a neek oi until a tuibidity forms After that 
a nen dilution should be made 

4 Standaid Arsenic Solution — Dissolve 01533 grams of pure arsemc 
pentoxide in 50 cc of dilute sodium In dioxide solution (P-free) Neiitrahze 
with sulphuric acid and make up to 100 e c with watei 1 c c =1 mg of 
arsemc 

Prom the above, dilutions are made so that 1 c c =01 mg and 
lee = 0 01 mg of arsenic Presei ve witli chloroform These solutions 
keep for at least six months and peihaps indefinitely 

5 Perhvdrol — Thiit 3 pei cent hydiogen pei oxide Merck Bine Label 
Supeioxol IS satisfactoi}' since it contains inappreciable amounts of phosphoins 
or arsenic Keep in the icfiigeiator after dailj use 

Pi ocedui e 

(The following deseiiption is for bodv tissues For other materials an- 
alyzed, the approximate amounts to be taken must be estimated ) 

Fifty grams* of tissue aie cut into small pieces, placed in a 500 c c Kjeldahl 
flask and eovei ed with concentrated niti ic acid To it is added 10 c c of con- 
centiated sulphuric acid, seveial silica^ oi other pebbles (to pi event bumping) 
and several diops of capivlic alcohol (to pieient foaming) The flask is then 
heated, at fiist gently, then vigoionsh until fumes from the sulphuiic acid ap- 
pear Oxidation is completed by using more nitric acid and finallj' perhydrol 
(by drops , total about 15 c c ) The contents of the flask are washed into a 
50 c e Eilenmeyer flask, made up to a volume of 20 c c inth iiater and cooled to 
room temperature Hjxlrogen sulphide is passed into the cold solution for about 
five minutes and the flask is then heated to 70-90° while the hydrogen sulphide 
continues to pass in slowp foi an additional five to ten minutes The flask is 
then stoppei ed and set aside ovei night * The supernatant liquid is then de- 
canted, the piecipitate is centrifuged and washed by centrifuging with 4 to 6 
normal snlphuiie or lijxlroehloi le acid 3 oi 4 times, except that the last washing 
IS done with water 

The precipitate is then tiansferied to a 150 X 20 mm Pyrex test tube gradu- 
ated at 10 e e Fii e-tenths c c of 10 noimal sulphuiic acid and a silica pebble 
are added, the tube is placed slanting partly ovei an electiic hot plate or small 
flame and heated at a boil until the vatei is evapoiated and the acid begins to 
boil gently The tube is then tempoiaiih lemoved and aftei allowing it to cool 
for about tliiiti seconds, 1 oi 2 diops of peihj^drol are added The tube is re- 
placed and the heating continued until oxidation is complete, more peihj'drol 

♦Often less tissue ma^ be taken depending on the amount of arsenic present or the amount 
of tissue available 

tBroken silica- ware can usuall> be obtained fiom the organic chemistrj laboratoia 

tThe sulphide is first in a %er> finelj di\ ided state and is slow in settling out n 
necessa^^ the solution can be centrifuged within an hour after precipitation 
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being added if iicces<iai\ Aiiv possible excess of pcrlndiol must be rcmo\ed b} 
continued boiling foi fi^e iiiiiiiites otherwise the coloi de\clopnient ivill be 
retarded 

Tlie tube is then placed in a rack allowed to cool water is added to the 
10 cc mark and the contents aic mixed An aliquot (eg, 5 cc) is remo^ed 
and kept for possible later use 

To tbe remaining aliquot is added enougli 10 normal sulpburic acid to make 
a total of 0 5 c c of that acid and 2 c c of mohbdatc smlplinnc acid solution B 
A standard arsenic tube is then prepared 1)\ tiansferring 5 cc (0 05 mg 
As) of standard arsenic solution in a similar tube and adding 2 c c of molxbdate- 
sulpburic acid solution A 

To both tubes are then added 1 c c of dilute stannous chloride solution and 
water to tbe 10 c e mark and the contents arc mixed wutliout delay It is best to 
complete each tube independentlv 

The color is read in a colorimeter after one minnte 

If the color of the imknowTi greatlr exceeds that of the standard dilution 
mavbe made, but for most accurate work a smaller aliquot must be taken for the 
color de'velopment 

Calculation 

“Wlien a 5 c c aliquot is taken and the standard is set at 20 mm 20/ reading 
of tbe unknown X 0 2 = mg arsenic in 100 grams of tissue 

DISCUSSIOK 

To oxidize organic matter prebmmary to the precipitation of the arsenic 
as sulphide, we use a modification of the Sanger method, employing sulphuric and 
nitnc acids and perhydrol "While this combustion is time-consuming, it com- 
pares favorably with other methods in that regard, and on the whole is the most 
satisfactory Fifty grams of beef liver, for example, can be oxidized in one and 
five-tenths hours 

It IS of course impossible to designate the exact procedure for all determina- 
tions because of the vanetv of materials analyzed Blood is treated bke solid 
tissues I'nne and beierages require concentration to small volume by evapora- 
tion as a preliminary process Orgame arsemcals are easily oxidized by sul- 
phuric acid and perhvdrol, omitting the nitnc acid Catalytic agents such as 
feme chloride, copper sulphate and permanganate cannot be used because they 
interfere -with the sulphide precipitation Xeither is it advisable to use potassium 
chlorate and hydrochloric acid m the oxidation on account of the volatihtv of 
arsenic tnehlonde 

The conditions for the precipitation of arsemc as sulphide were eloselv 
studied We desire to precipitate in sulphunc acid solution, if possible because 
the digestion is carried out in this acid Although hydroelilone acid lias cus- 
tomarily been used in quabtative procedure we find that sulphunc acid works 
equally well Table I shows how completely the sulphide is precipitated m small 
quantities and under varying degrees of aeiditv It is seen that 0 01 mo- of 
arsenic can be precipitated with a good degree of accuracy from a volume of 
20 c c 
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The rate of precipitation vanes directly vitli the concentration of H ions 
and the tempeiatuie Hovever, too much acid, on account of its high granty, 
prevents sulphide fiom being tin on n down vhen centiifuging The optimum 
acidity lies between 25 and 50 volumes per cent 

Some hvdiogen sulphide is aluais reduced in this process, and some free 
sulphur thus liberated, but tins is desirable because it entiains the sulphide and 
facilitates the handling of it "We do not belie\ e that so small a quantity of aise- 
mc as 0 01 mg could otherwise be reeoveied 

Antimonv, which is rareh pi esent, is pi ei ented from precipitating with the 
arsenic y hen 40 volumes per cent of acid is used in the precipitation of the sul- 
phide It IS latei eliminated in the vaslnugs along vitli the phosphate 

An intense blue coloi is developed bv arsenic undei the conditions described 
in tins method It is 0 4 as intense as the coloi produced by phosphoiiis with 
the same i eagents Fig 1 shov s that the rate of fading of the blue color is very 
slow These data veie obtained bv preparing a standaid arsenic tube and then 
comparing the coloi vith standard aisenic tubes freshlj* prepared at the times 
indicated The tempeiatuie effect on the coloi deielopment is so small that it 
can be neglected 



Table I 

Eecovert of Arsenic FROir Pure Aqueous Solutions of Arsenic Salts When Varting 

THE ACIBITF for THE SULFHIDE PRECIPITATION 

NO SULPHURIC ACID 4RSEMC ADDED APSEMC RECOTCRED RECOVERY 

VOL PEE CENT MG MG PPE CENT 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


2 4 

100 

0 997 

99 7 

48 

100 

0 997 

99 7 

72 

LOO 

1 003 

100 3 

95 

100 

0 985 

98 5 

14 3 

1 00 

0 995 

99 5 

19 1 

100 

1040 

104 0 

23 9 

100 

0 985 

98 5 

28 6 

100 

1000 

100 0 

33 4 

1 00 

1 000 

100 0 

47 5 

100 

1 020 

102 0 

33 4 

0 01 

0 013 

113 0 

33 4 

0 01 

0 010 

100 0 

33 4 

0 03 

0 028 

96 2 

33 4 

0 03 

0 031 

102 0 

28 6 

0 05 

0 049 

98 7 

28 6 

0 10 

0 096 

96 0 

28 6 

0 10 

0 097 

97 0 

28 6 

0 50 

0 499 

99 8 

28 6 

100 

0 995 

09 5 

28 6 

100 

0 997 

99 7 
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T\nLr II 


Reco\xpt of Afsfmc Ffom Lnrr 


NO 

Vr^EMG XnDFD 

MG 

FECOXFl FD 

MG 

rFCo%'ErY 

I FP CENT 


From S 

Grams of Liter 


1 

0 00 

0 001 

— 

o 

0 00 

0 003 

— 

3 

0 05 

0 04S 

90 0 

4 

0 05 

0 049 

98 0 


0 10 

0 098 

98 0 

c 

0 10 

OODG 

96 0 

7 

0 50 

0 491 

98 2 

8 

0 50 

0 4SS 

97 6 

9 

0 75 

0 716 

95 5 

10 

100 

0 967 

96 7 

11 

100 

0 943 

94 3 

12 

3 00 

2 901 

96 7 

13 

3 00 

2 840 

94 0 

14 

5 00 

4 800 

96 0 

lo 

5 00 

4 680 

93 6 


From 50 Grants of Liter 


16 

0 10 

0 095 

95 0 

17 

100 

0 971 

97 1 

18 

100 

0 954 

93 4 

19 

100 

0 964 

96 4 


Table II shows the accuracy of the method m the recovery of arsenic from 
a tissue "With the smallei amounts of tissue the recovery range is shown to be 
between 93 and 98 per cent vhen 5 to 0 05 mg of arsenic is present ^Tith 50 
grams of tissue (which mav often be taken in practice) the recovery is the same 
Using the standard arsenic solution (not inAohung the sulphide precipita- 
tion) one part of arsenic m 10,000,000 parts can be detected This is not as sen- 
sitive as the Marsh test, but equals that of the Gutzeit method It is about 250 
times as sensitive as the Eeinsch test 


SUMilAKT 

Arsenic is determmed by precipitating as sulphide from the oxidized mate- 
rial The sulphide is then oxidized and determined colorimetrically by the ad- 
dition of molybdate and stannous chloride 

After the oxidation of orgamc matter, the method is simple, accurate, and 
ven sensitive 

It is applicable to almost any arsenic determmation but was developed pn- 
niarih for biologic and toxicologic work 
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A JJEW PROCEDURE FOR LIGATING THE PYIjORUS IN ABSORPTION 

EXPERIilENTS'^ 


B\ STEPireX I ilADDOCK BOSTOX, 


A SURVEY of the methods ^^lnch ha\c been reported for stTid\nng absorption 
from the stomach reveals that all of them mav be included under tivo gen- 
eral headings (A) acute experiments using general anesthesia or, (B) a series 
of experiments on animals pronded mth alimentarv fistulas 

Emploving the first of these general procedures a number of inx estigators 
have anesthetized animals opened the abdomen and ligated the pvlorus Then 
thev have mtrodiiced into the stomach the substance to be studied and after a 
defimte interval have killed the animal and analvzed the material recovered from 
the stomach at that time Bv means of such processes much useful information 
has been eoUected This ve shall not attempt to summarize, but merely point 
out that in connection mth such experiments the question alivai s has arisen as 
to vhether or not absorption proceeded at a normal rate ivhile the animals ivere 
under anesthesia 

The second of the above mentioned general methods has involved the 
preparation of fistulas giving direct access either to the stomach or duodenum, 
or both Many of the early investigators used duodenal fistulas and after block- 
mg the distal end of the duodenum mth a rubber baUoon, caught in a container 
the material vrhieh floved out from the pvloms Gastric fistulas vrere used also, 
and the pvlorus blocked by a baUoon inserted from above In both instances the 
difBeulty of ohtaming quantitative recovery of the unabsorbed material is ob- 
vious A number of years ago London (1908 1913) described and used appar- 
ently quite successfully, a very ingenious and elaborate double fistula technic for 
overconung this last difScultv Quite recently houever, a new and hitherto 
unsuspected element of uncertainty has appeared Gamble and Melver (1925, 
1928) haie brought to light the deleterious effect of complete loss of gastric or 
duodenal secretions If there veas even a slight but continuous loss of body 
fluids m the animals mth fistulas, it is possible that some abnormabty might have 
been introduced into their response Since the larious investigators uho have 
used this demce made no specific mention of leakage from fistulas it has not been 
possible to judge either the extent or the possible significance of this factor 

Consideration of the difficulties and uncertainties of the methods previously 
used led to the design of an experimental procedure mhieh avoided both the 
complications of ether anesthesia and the effect of fistulous openings mto the 
alimentary tract This method served lerv satisfactorily in the investigation on 
carbohidrate absorption uhich occasioned its deielopment The possible use- 
fulness of it to those who might msh to earrv out similar studies upon other 
substances under conditions so nearlv physiologic prompt us to describe the 

*rrom tlie Biochemical I^boratom of Harvard lledical School 
Ucceived for publication JuU 21 msi 
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method in this place That it is also applicable to the pioblem of following the 
early changes in hodj^ fluids which follow pjloiic ohstiuction mil be eiident 

EXPERiaiENTAL 

The Pi ehm'inai y Opeiation — ^All the experiments m this series nere per- 
formed upon healthy adult dogs Under cthei anesthesia and with aseptic 
technic a midliiie incision 12 to 15 cm long extending domiiiaid fiom the tip 
of the xiphoid uas made The piopentoneal fat iias sepaiated and the stem 
ach exposed The hepatoduodenal ligament was dnided sufficiently to allow 
the pylorus to be brought into the wound After a little disseetion it was pos 
sible to pass a flat tape around the pjdorus mthout injuiy to any of the vessels 
of the omentum The ends of the tape iieie then inserted through a special glass 
cylinder about 3 to 4 cm in length and of 1 7 cm internal diameter (Pig 1) 
These cylindeis weie open at both ends and the edges weie pioiided with broad 



flanges each of which earned two ejelets in the glass These eyelets neie use- 
ful in anchoring the glass cjlinder loosely to the pjloiic legion of the stomach 
and to the incised edges of the linea alba Caie yas taken to insure that the 
relations of the pj loi us wei e undisturbed and that the glass tubing did not fix- 
ate the stomach and thus cause lankmg oi obstiuetion The tape was then 
anchored loosely to the subcutaneous tissues with its ends piotiuding fiom the 
glass cylinder The incision was closed with interrupted sutmes of silk so that 
the outer end of the glass tubing was located neai the uppei angle of the wound 
Animals prepared in this way leeoveied quieldj and then appetites and food 
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consumption promptly became normal Usually the animals ucre subicctecl to 
absorption experiments m itbin three or four dax s How c\ er in se% cral instances 
longer periods elapsed witbont an^ noticeable effect upon the results obtained 
These ammals should not be kept more than six or se\en dajs since the tape 
tends to disintegrate, and after that period it mav break when it is pulled taut 
The Ahso)phon Expoimcnt — After a preliminaiv fast of eighteen to 
twenty-four hours a control sample of blood w as draw n from the animal Then 
hi the severance of the stitches holding the skin the ends of the tape and the 
edge of the glass cilmder were exposed The snare about the pylorus was slowly 
and gentlv drawn tight and fixed bv a clamp resting against the edge of the glass 
tube A stomach tube was then introduced bv mouth into the esophagus and a 
solution of the substance being studied was allowed to flow into the stomach 
The dogs never showed any signs of discomfort and no retching or vomiting 
occurred for at least two hours Thev w ere allowed to remain on the table or 
to move about the room The animals m this senes were saenficed at the end 
of two hours by the intravenous administration of amvtal In each instance the 
complete closure of the pylorus was demonstrated at autopsy 

Besults — ^In Tables I and II will be found data which illustrate the apphea- 
bilitv of the method for its purpose Observations upon the blood sugar content 
of the peripheral veins of dogs before, and just after, the manipulations neces- 
san* to close the pyloric snare are contained in Table I It wiU be evident that 
the procedures emploved were without hTperglveemic effect The Folm-Wu 
method (1919) was employed in making the blood sugar measurements 

Table I 

EfTECT or CiiOsvPE OF Pttopic Sxabe Upon the Blood Scgap 


ZXPEPIWFXT BEFOPE AFTEP 

NTOtBEP 


itG PERCENT 

MG PEE CENT 

1 

7S» 

7S 

2 

93 

100 

3 

77 

84 

4 

80 

73 

o 

77 

70 

6 

100 

81 

Averages 

84 

81 

•All samples drawn from peripheral 

Neins 



Table n 


Blood Sggab Changes 

Dgpixg Glecose 

Toitepjxce Tests 


• ^FTEOEIC SVAEE— > 

(i) OPEX (b) closed 


WIN-ETES MG PEP CEVT MG PEE CEXT 

Control 72 7» 


25 5 gm Glucose m 200 c c Water Introduced Into Stomach 


15 

93 

S3 

30 

105 

85 

00 

149 

82 

90 

165 

87 


Weight ol dog S 5 Kilos 
miorlo snore Introduced Not 11 
Experiment (A) Xot IT l*>5s 

Experiment (B) Not "O IS's 
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Table II records tbe data of some blood sugai studies made upon a dog after 
a P3 lone snaie had been put in place as described above In expeiiment (A) the 
snai e bad been in position for sei eral daj s, but bad not been closed In experi- 
ment (B) tbe snaie vas closed aftei tbe coutiol blood saniiile bad been taken but 
before tbe sugai vas introduced 

In tbe experiment in vbicb tbe snaie vas in place, but open it may be noted 
that glucose produced a noimal use in tbe sugar content of tbe peripheral blood 
On tbe otbei band vlien tbe expeiiment ivas lepeated a few dajs later with the 
snare elosed, tbe sugai fluctuated only slightlj’- and an ineiease in excess of tlie 
uncertainties of sampling and measurement vas not obtained 

SUMMARY 

A procedure is described bv nbicli tbe pjdorus can be obstiucted nben de- 
siied without tbe complication of general anesthesia A snare, consistmg of a 
glas tube and a flat tape eneu cling the pyloiiis, is inserted at a pieliminarv 
operation This is allov ed to remain in place foi several days while the animal 
recoveis Then bj means of this device the pi loins can be closed readih from 
the exterior just befoie an expeiiment is to be undertaken A senes of blood 
sugai values is leported which show the application of tbe method to the stiidj 
of the absorption of glucose from tbe stomach 

This procedure has been developed during the course of nn investigation earned on in 
collaboration vith Professor Harry C Trimble 
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A SDIPLE ]\IETHOD FOR THE ANALYSTS OF PROTEIN IN JULK'^ 


Br Cn iRLES F CRO^^ lei A , Pn C , :M D , LL D , Omaha, Neb 


T hose fm iemo\ecI from ^\elI-eqlllppc(l laboratories maj lia\e occasion to 
require the protein content (casein, lactoglobulm and lactalbiimm) of milk 
iThen facilities for the Kieldabl method arc not aiailable Reliable results mav 
be quickly and easily obtained bv the folloumg piocediiie, using a centrifuge 
and 15 c e tubes 

Centrifuge 15 cc of milk and remoie the cream laier It mav be throim 
off with a sudden lerk over the sink or ivith a pipette the skimmed milk can be 
draivn from beloir Dilute 5 e c of this skimmed milk u itli 20 c e of ivr ter and 
shake 'well Place 5 c c of the dilution in a Purdi lo c c centrifuge tube add 
5 c c of 'water and 5 c c of Esbaeh’s picric acid solution then shake 'well 

ESBACn’S SOLUTION’ 

Picric acid 1 gm 

Citric acid 2 gm 

"Water 100 c c 

Place tubes m tlie centrifuge and run centrifuge for iiist three minutes The 
number of cubic centimeters of precipitate in the conical bottom of the tube 
mnltiphed bv 6 'll ill approximate the amount of protein in the milk in percentage 
The centrifuge used m our experiments has a diameter of 15 mclies and a 
speed of 1,300 revolutions per minute Milk containing, bv the Kieldahl method 
3 5 per cent of protein gave a volume precipitate of 0 6 c c in the conical end of 
the tube This multiplied bv 6 gives 3 6 per cent of protein 

"Wliole milk cannot be used in the above Uiethod until the fat is removed, as 
the amount of fat swells the i olume of the precipitate and is sometimes so large 
as compared to the protein, that a floating instead of a sinking coagulum is 
formed 

Comparison Tible 


KJELD^UL METHOD 


CENTPirrCE METHOD 

3 SO 

Coiv's Milk 

3 60 

3 43 

Co'w’s Milk 

3 30 

3 31 

Co'w’s Milk 

3 15 

3 32 

Cow’s Milk 

3 15 

3 50 

Cow’s Milk 

3 30 

2 27 

Cow’s Milk 

2 40 

2 10 

Cow’s Milk 

2 40 

3 OG 

Goat’s Milk 

3 00 

3 06 

Goat’s Alilk 

3 00 


"With a centrifuge haiing a less diameter and a less number of reiolutions 
poi niniiito a smaller constant or multiplier than 6 'would be used as the volume 
of the precipitate uould be larger The three factors controlling the volume of 
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the precipitate are diametei of the centiifuge, speed, and time These can be 
constant for anyone cairjnng on the above metliod 

The merit of this method is in its availability inespectne of diameter, speed, 
and time, inasmuch as one ean determine the volume of the precipitate for a 
sample of noimal milk, -mth his particulai centrifuge, ivith its paiticular diame 
ter and speed and specific time of three minutes Any sample having a less 
volume lull of eouise be belov noimal, ivhile gi eater volumes are above normal 
This IS true even vhen the tubes aie not %er}’- coriectlj’" graduated as is some 
times the ease 

Should other components of milk be of interest the following details can be followed 
Take the specific giavitj with the urinomcter spindle Variation is usuallj between 
1 025 and 1 035 Alwais make correction for temperature on the basis of one gravity degree 
(third decimal place) for each se\on Fahrenheit degrees above or below C0° F as the spindles 
are standardized for GO” F Add if abo\ e, and subtract if below 

Determme the fat content bi the Babcock method Use 5 c c of milk, add 5 c c of 
sulphuiie acid (sp gr 180), one cc at a time, shake well after each addition Centrifuge 
for three minutes, add hot water to force the fat up into the measuring neck of the tube, 
centrifuge one minute and read the amount of fat 

Total solids can be found bj Bichniond’s formula 1 2 X + 0 25 x Graiity (second 
and third figures) + 0 14 =: Total solids Example Sp gr =: 1 032 and Fat = 38 per cent 
1 2 X 3 8 + 0 25 X 32 + 0 14 = 12 70 Total solids 

The total solids can also be determined by weighing a dish with 10 gm of sand and a 
stirring rod, adding 5 gra of milk, placing in an o\en it 100” C and evaporating to constant 
weight Increased weight multiplied by 20 gives the percentage of solids 

The ash may be determined by e\ aporating 5 gm of milk in a small crucible to dryness 
and then incinerating The inci eased weight of the crucible multiplied by 20 will be the 
percentage of ash, or inorganic solids 

It IS quite eiident that a sugar determination is not necessary as the sum of the protein, 
fat, and ash subtracted from the total solids would equal the lactose 

MilX Siiffar — ^Lactose may bo determined by taking 5 gm of milk and adding 40 c c of 
water and 5 c c of glacial acetic acid Boil,cool,and make lolume up to 50 c c Filter this mixture 
mto a burette and from it run the solution slowly into boiling Purdy 's amraomacal copper 
solution, until the blue color just disappears Use 35 c c of this solution 

PURDY 's AMXrONIACAI, COPPER SOLUTION 

Copper sulphate 4 752 gm 

Caustic Potash (KOH) 23 500 gm 

Ammonium Hydroxide (sp gr 0 9) 350 000 c c 

Glycerol (CjH^ OH), 38 000 cc 

Water to 1000 000 c c 

Since 35 c c of this solution is reduced by 0 02 gm of glucose or by 0 03 gm of lactose, 
it IS only necessary to dnide the number of cubic centimeters required to decolorize the 3 o c c 
of Purdy ’s solution mto 0 03 and multiply bv 100 to obtain the percentage of lactose m the 
dilution and by 10 again, as the 5 gm of milk were diluted to 50 e o Of course Benedict s 
solution can be substituted for Purdy ’s, but lemember that the 25 c c of Benedict’s solution is 
reduced by 0 05 gm of glucose and 0 067 gm of lactose 

Where a polanscope is available such as Ultznian ’s, measure out 25 c c of nulk, add 
05 cc acid mercuric nitrate solution (made by dissobing mercury in twice its weight of 
rutrie acid sp gr 142 and diluting with an equal volume of water) and 2 cc of water 
Shake, let stand five minutes, filter and polaiize Multiply reading by 1 1 The specific 
rotatmg power of glucose and lactose are about the same at 20” C, viz, 52 5 

Inasmuch is the foregoing directions are for rapid work and the results are approxi 
mations, it makes little difference whether 5 c c of milk are used where 5 gm are indicated, 
and vice versa 



A PERiLVNENT NITEOPRUSSID SOLUTION FOR ACETONE TESTS’ 


B\ Robert ]\I Hiel, Ph D , Drv\T:R, Colo 


I N URINALYSIS acetone tests -«hicti make use of mtroprussid can ha^e no 
qiiantitatne significance and liaie rather questionable eolnparatl^c lalue un- 
less the mtroprussid solution be of the same strength for each deteimination A 
ivater solution of mtroprussid decomposes so rapidh in the light as to make the 
quantitative use of such a solution impossible Semiquantitatnc methods based 
upon the mtioprussid reaction ha\e lacked much in convenience because of the 
necessitv of preparing the reagent each dav uith quantitatne care Because this 
procedure ivas irksome and because of the loss of time imohed, a study of the 
problem of stabibzing the mtroprussid solution cvas undertaken in this labora- 
torv about tivo vears ago After manv failures one successful method was foupd 
and it alone will be discussed 

It was thought that the free acid might be more stable in solution than the 
salt Two per cent solutions of sodium mtroprussid were made in sulphuric 
acid^ of strengths ranging from 1 to 5 per cent Samples of these were put in 
clear glass and in brown glass bottles placed on the laboratory shelf and ex- 
amined from time to time Deterioration was measured bv the appearance of 
Prussian blue and bv color comparison with a freshlv made solution These 
solutions have been standing non for eighteen months portions being used from 
time to time for acetone tests Onlv the solution in one per cent sulphuric acid 
in the clear glass bottle has shown anv deterioration A trace of blue color ap- 
peared m the bottom of this bottle duiing the eleventh month The mtroprussid 
m one per cent acid in the dark glass bottle is still as good as when prepared 
Ten per cent solutions of sodium mtroprussid in 1, 2, and 5 per cent sul- 
phuric acid are still as good as when made, after six months in brown glass 
bottles Since both the brown bottles and the sulphuric acid contribute to the 
stabilitv of the solution we now use either 2 or 10 per cent sodium mtroprussid 
m 2 per cent sulphuric acid and keep the solution in a brown glass bottle This 
amount of acid is of no consequence m using the quahtative acetone methods , m 
qiiantitatue methods a corresponding excess of aUiali mav be used 

Recently it has come to our attention that CaiaUi (1897) and Zucarn 
(1915),' both inorganic chemists have reported that mtroprussid solutions are 
far more stable w hen kept in the dark and that small amounts of sulphuric aeid 
added to the solution greatlv increase tins stabilitv 

For the convenience of phvsicians, 10 per cent sulphuric acid made up mth qnantita 
tue accumcv mav he obtained from the Denver Fire Clav Companv of Denver, Colorado 
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A SPLIT SECOND TBIER-" 


B\ C G GuTmiE, M D , Pb D , Pittsbdrgh, Pa 


'C'OR manj labolato^^ pui poses it is desiiable to measuie time in fi actions of 
a second as mtb stop vratches Aside horn then high hist cost, shoit life in 
student bands and high cost of and iinsatisfactoiy chaiactci of icpaiis of the 
usual Sniss noiks, tbei arc eonienicnt and satisfaetoii 

To eliminate some of these objections, an inexpensne, simple and accurate 
timing dei ice has been designed to supplant ■watches for mam such purposes 
It consists of a glass resen on and giaduated glass tube connected b'v a metal 
tap mounted on a lotating base, and a suitable quantitj of cleaned and sifted 
sand (See Fig 1) It is at least as accm ate as the aiei age stop natch 

To operate, the base (8) is lotated upon the friction suppoit (6) until the 
reservoir (1) is donn and the base is against a stop on the suppoit and is nearly 
perpendicular The tap is opened and all sand in the graduated tube and 
connection is emptied into the reseiioii The tap is then closed and the base 
rotated to perpendiculai when it comes in contact nith the suppoit stop and 
the reseivoii is up The timer is then ready for use, the tap being opened at the 
start and closed at the end of an obsei ration The time is read on the scale from 
the top of the sand column in the tube 

Aftei the best eoaiseness of sand had been determined an article dealing 
mth the most favorable eoaiseness of fcitilizeis foi uniform distribution br ma 
chines came to notice' Such mateiials haring an average angle of lepose of 
about 34° gave the best results 

The angle rvas determined by pouring the material into a conical pile upon 
a hoi izontal sui face and measui mg the angle between the sui face and cone This 
was done r\ ith the sand used in the timer and it measui ed rr itliin about a degree 
of that of the fertilizer 
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np 1 — 1 Rtscr\oir 2 hole in base 
for ob«ier\inp return of from tube to 

re*Jenolr S metal connector and tap 4 
adju'^tlnp and stop ‘^creu 5 graduated 
tube f rotating friction support *’ 
plug S base 




A NEW DEVICE FOR HONING mCROTOME E^sHVES ON GLASS* 


B\ N Graham Stabher, Phiiadelphia, Pa 


A DEVICE knoBTi as the Schmid hand nuciotome Inife sliaipenei^ has re 
cently been placed on the market The deface makes use of a glass plate for 
homng, as does the Parn! automatic krufe sharpener,^ hut is very simple m de- 
sign and therefore very much less expensne Compared to honing on stones, 
much time is saved, much less skiU is required, and there aie other advantages, 
inherent to aU glass plate honing methods, ivhich ^vill be mentioned below 

This device consists (see Fig 1) of a glass plate 14 by 14 inches, % inch 



thick, ground on one suiface, on which the honing is done, a glass base plate 
14 by 28 by inches, a phosphor-bionze clamp which will hold almost any 
nuciotome knife of detachable handle type, a stainless steel knife holder rod 
which screws into the clamp and has a comenient wooden handle on the other 
end , a stainless steel upright ivith two casters and with eight holes, any one of 
which can he used for the knife holder lod The latter screvs apart at the point 
where it fits the upright, and will rotate fi eely in its hole in the upright when m 
place The outfit as sold includes in addition a set of abrasives and accessories 
The knives furnished from now on by the maker of this device wiU have a 
thieaded hole for the knife holder rod With these knives the clamp is not 
needed 

•From the SIcManes Laboratoo of Patliologj of the Unlversitj of PennsjUanii 
Recel\ ed for publication Augrust 12 1931 
tSold b> Artliur H Thomat. Co Philadelphia 
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The method of using is ^e^v simple, and ■while it requires reasonable care on 
the part of the iisei, it leqnires practicalh no skill An inexpert girl has made 
a knife sharp the first time bv follo'wing the xMitten directions that come i\ith it 
For working a knife into shape the first time and for rough honing FFF emorv 
flour IS suspended m 5 per cent gh eerin and poured on the honing plate and the 
knife IS worked rapidlv in circles on it For finish honing white rouge is used, 
suspended in 5 per cent ghcerin and more care is exercised in honing, the knife 
being pushed edge first onlv Aha one who so desires ma\ use diamantinc Xo 1 
for finer honing It has recenth been found how oxer that an absolutch' smooth 
edge IS undesirable, at least for paraffin cutting, and it is beliex ed for celloidin 
also Experience indicates that there is an optimum degree of roughness of the 
edge for best cutting , and that white rouge seems to produce somewhere near 
this optimum degree A knife honed on white rouge and stropped slightlv cuts 
beautifullv It is the sharp uniform-grade abrasnes that make glass plate honing 
speedier than even w ell-dressed stone hones 

The device seems to merit -wide use because first, its loxv cost not a great 
deal more than a set of hones, puts it within the reach of everv laboratory, 
second, because no user should have trouble de'x eloping what skill is necessary, 
third, because the honing surface wall not wear out of shape as do stone hones ; 
fourth, because any grade of abrasix es desired may be used Its only disadx an- 
tage, breakabihty of the glass, is not serious The thick plate glass does not break 
easily, and is not very expensive to replace This disadvantage is inherent in all 
glass plate honing methods 

REFEREXCE 

1 Fanz, J I An Automatic Knife Sharpener and Alethods for Grinding and Honing the 
Knife Satisfactonlv, J Lab Clin AIed 14 1194, 1929 



A DEVICE USED WITH jMOUNTED INTBSTIN^Hj SPBCIMENS TO 
SliMULATE SIGMOIDOSCOPIC VIEWS" 


Joseph Felsek, 51 D , N'ew York, Y 


'^UBPOSE — Didactic A simple oiitical ariangement to be used in connection 
witli mounted intestinal specimens to simulate Mens obtained through a 
sigmoidoscope or proctoscope 

Pnnctple — A leflected image of a limited area of tlie specimen is Tiened 
througli a cardboard tube 

AppaiaUis — (1) A nell siKeied plane surfaced mirror of high optical 
quality (2) Graj caidboaid tube of approximatelj the same length and diame 
ter as a sigmoidoscope (12 by % incliesj or proctoscope (6 bj' 1 inches) 

The mirror should be appiovimateh six inches in its aiiteioposteiior diame 
ter and set at an angle of ten to fifteen degiees to the horizontal plane The 
viening tube, held bj niie, eaidboaid oi aliimmum combination shield and sup 

A 



rig: 1 — A pseudosiffmoidoscopic de\ice adapting mounted intestinal specimens for clinical 

stud> 

poit, IS placed horizontally iii such a position as to afford a view of the pathologic 
area to be demonstrated The purpose ot the shield, which is approximately 
the size of an ordinary filing card (3 bj 5 luclies) and uhicli is slipped ovei the 
viewing tube betueen the eye and minor, is to shut out confusing images of 
objects in the vicinitj or of contiguous poitions of the specimen This may he 
modified by covering the niirioi with a jiapei oi cardboard sheet hanng a circu- 
lar cut-out so as to limit the image to that part of the specimen being demon- 
strated Where numerous specimens are available, mirrors may be cut into suit- 
able lengths so as to foim a continuous mirioi shelf VJien set up with neat 
cardboard folders (11 bv 14 inches) containing brief suinmaiies of the clinical 

•ReceKed for publication August 13 1931 
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and pathologic aspects of the case as well as gio^s specimens and photomicro- 
graphs the whole makes an impiessue and Tcr\ instructue exhibit The source 
of ilhnmnation is from abocc, the ordniarx pendant or gooseneck biackets being 
satisfacton The image is upright undistorted and of unusual clallt^ due to the 



Pig 2 — Photograph of mirror image seen through detice as described Photograph made 
JTith a S'!;! kodak one minute exposure 73 natt illumination using a magnified doubH reflected 
image (miotogr-iph has been retouched ) (Felscn J The Use of a Magnified Double Peflected 
Image in Proctologic Demonstrations JAMA 't~ 23 I'd ) 


presence of preserving fluid There is no appreciable magnification where speci- 
mens are mounted m rectangular or square oars The mirror-tube denee being 
below the general level of the specimen shelf, neither obstructs a direct view of 
the museum 3ars nor interferes with the illumination of specimens from above 
This has a decided advantage oxer a tube aimed directlv at the pathologic area 



A MICROSCOPIC ARRANGEMENT FOR READING MACROSCOPIC 
KAHN PRECIPITATION TESTS^ 


B\ David H Flashmak, M D , New Kensington, Pa 


T TARIOUS metliocls aie m use foi leading Kalin precipitation tests One of 
I ’ the simplest is to use tlie inieited oeulai eyepiece of a micioseope Tins 
method tends to result in seiatehmg of the lens and does not give a high inagm 
fication We have found the following method of using the compound micro 
scope foi this puipose to be such a decided advantage as to wanant its leport 

The stage of the microscope is tilted at an angle of about 45 degrees A 
simple vooden frame is constiucted to suppoit the small test tubes used m the 
test and to fit into the mechanical stage of the mieioscope A mechanical stage is 
not necessaiy, hut is lery handy Dilfeient tj-pes of mechanical stages viU re 
quiie different tjqies of supports to fit them We use a support composed of 2 
side pieces of wood, each 4 8 by 1 2 by 0 4 cm , and of a baseboard 3 8 by 1 2 by 
0 4 cm The baseboard fits bj' fiietion into a space at the lonei iiinei surface 
of our mechanical stage (Bausch and Lomb) The 2 side pieces of vood are 
nailed perpendiculaily to the baseboaid, so that the naiioiv sides lest semner 
ticallj on tile stage and the mde sides aie paiallel to each othei about 13 mm 
apart, to suppoit a test tube 12 mm diametei and about 72 mm long Fig 1 
illustiates hoy the test tube fits into the fiame, as both he on the stage of the 
micioseope The side pieces should be shoitei than the test tube to leaie loom to 
grasp the tube 

The upper suifaee of the liquid in the tube lemains hoiizontal to the ground, 
but IS slanted in relation to the long axis of the tube The condenser lens of the 
microscope is best lemoved and the diaphragm beneath the stage is much nar- 
rowed The magnification is about 12 times, using a bmoculai microscope with 
5X oeulais and a number 3 Zeiss obiectivc If the louei lens of a 16 mm objec- 
tive (Bausch and Lomb) is removed, a similar magnification can be obtained 
One focuses on the surface of the slanted poition of the fluid, at the thinnest 
region Undei these conditions, with the light satisfactorilj’’ cut down and the 
mirror pioperlj’’ adjusted, the lonei zone of the microscopic field will show a 
bright light w'hile the uppei one-half oi moie wiU show a dark-field illumination, 
in which the particles of antigen can be seen as luminous points against a dark 
background 

It is helpful to shake the tubes gently befoie inserting them in the frame, 
as the moving of the pai tides allows more particles to be seen If the tube is 
scratchy, one can rotate the tube in the holder in older to look thiough that por- 
tion of the tube most fiee fiom sciatches Some expeiieiice with the apparatus 
IS of course necessaij'’, but we haie found that beginners acquire skill in reading 
the tests more quickly than w itli the use of an ejmpiece lens 

♦From the Pathological Eaboratorj of the Citizen s General Hospital 

Rcceited for publication, August 16 1»31 
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The method permits gi eater scusitmti because the slightest degree of aggre- 
gation of the particles eau be detected The propoitioii of antigen and s.ilt solu- 
tion and the amount of antigen used natiiralh affect the dispersion of the par- 
ticles as well as the seusitn iti of the test It is well to use that combination nhicli 
gives mth the antigen control and the negatne sera a uniform, fine dispersion 
TTith stronglj positne sera, the clumps arc large and feu, and all degrees be 
tween this picture and that of the ncgati\c sera mil be found The method 
avoids mistakes due to foreign particles such as red blood corpuscles clumps of 
bacteria, etc , because the fine pai tides of antigen mil still be readilv seen if the 
serum is negatne, but if positive there uiU be a uniform aggregation of the fine 
particles to larger ones It is the aggregation of the finer pai tides that indicates 
most definitely a positive reaction rather than the piesencc of larger partides 
The results can be expressed as plus-minus, one-plus tuoplus, three-plus, and 
four-plus, depending on the degree of reaction 

TVitli this method the results are simpler by using only one amount of 



b 


a 


f, mg 1 — Support for test tube (a) Side-piece to support test tube (b) 
nts Into groote of mechanical stage (Slightli reduced from natural size ) 


(c) baseboard that 


antigen, instead of three as in the regular Kahn test, and the more sensitive 
quantity should be used "With the Kahn antigen sold by Parke, Dans &, Co , we 
have foimd a 1 to 1 5 dilution of the antigen better than the 1 to 1 dilution recom- 
mended bv the company Also the use of 0 005 c c of this antigen dilution gave 
better results than the use of larger quantities It is well also to use two different 
preparations of antigen, each adjusted to the most sensitive combination, as some 
serums react better mth one antigen than with another In this ease the un- 
known sera tested mth a giv en antigen must be compared mth known negativ e 
sera tested mth the same antigen 

Since the method promotes greater sensitivity bv detecting the sb"htest 
degrees of reaction, more care must be used m the mterpretahon'^of these sbc'ht 
reactions Inaccurate pipetting unclean glassware, and other such sources'’ of 
error uould naturaUv be more apt to produce faDe sbght reactions the mote 
sensitive the method Also the presence of other diseases would act sumlarlv 
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Howe-\ei, for tieatecl eases of s^plnlls and as a supplement to clinical evidence, 
the slight reactions are helpful One must beai in mind, hoivever, that the less 
the degiee of reaction, the loivei the piobability of the reaction indicating the 
piesence of sj^philis 


SUMMARY 

A simple method is desciibed foi adapting the compound micioscope for the 
reading of macioscopic Kahn 211 eeipitatinn tests The stage of the microscope is 
tilted to an angle of about 45 degiees and one looks thiongh tlie slanted portion 
of the fluid in the test tube, Yitli the illumination cut donn A daik-field illiimi 
nation of the particles of antigen is thus pioduccd, giving a sensitive and easv 
method foi reading the tests 
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BnjIB.trBINXrK.IA Methylene Bine Test for, Slede, J, and Zink, K. Deutsche nicd 
TTchnschr 57 1744, 1031 


To 5 c c of nnno idd, drop ■b\ drop n 02 per cent •\qucous solution of metlulone blue 
4. blue color on the addition of the lir'-t drop indicates a negatu c reaction 
In the presence of bilirubin a preen color appears The number of drops of mcthvlenr 
bloc required to change the blue color to green indicates the amount of bilirubin present 
^2 drops = 01 mg of bilirubin) 

The following scale is suggested 
More than 10 drops stronglv positii e 
2 to 10 drops wcaklv positir c 

B TTrBEEClJl,OSIS Demonstration of Bare Tubercle Bacilli m Sputum, Bottenger, J E 
Am Bei Tnberc 24 583, 1931 
The following method is adiocated 

1 For collection of specimens and also for carrving out the technic use S ounce, wide 
mouthed, graduated bottles which arc selected to fit the shaker Ther arc graduated for 
ei en 10 c c through paraffine with hydrofluoric acid Xo 16 cork stoppers, to fit the bot 
ties, must be used once onl% 

2 Siphons, 3 4 mm lumen, for remosing subnatant liquid 

3 CapiUan pipettes with rubber bulb, for remoimg hydrocarbon laier in making 

preparation ^ 


4 Open water bath for digestion, kept at 55 to oS° 

5 Closed flattop o\en, containing water at 65° for drying films on slides 

staining ’ 


and for 


6 Mechanical shaker The 4 bottle sbakcr manufactured by tbe International Equip- 
ment Co has sen cd well .sJHsup- 


PPOCEDUEE EOF CAFPTING OUT TECHNIC 

1 Collect twenti four hour or three dar specimen 

2 Add equal parts of 0 5 per cent XaOH fehake by machine for fiie to ten minutes 

0 Ifigest in ^vate^ bath 55"’ for thirty minutes to one hour 

the bo\tk discard am insoluble residue which has settled at the bottom of 

So\" 

6 Uiow hydrocarbon to collect at top of bottle (ten to twenty minutes) 

1 If \iscosity of specimen is too high, remoie subnatant honid by nsp cf i 
-Phon fill to 200 e e again with distilled water, shake fiio minute' 

S Wan iiscositi IS practically that of water the supernatant hvdrocarho^ 
drawn up m a stonle pipette which is pinched by inserting cork and allowS ? 
in icrtical position until subnatant liquid separates from the h. drocarbtn layer 
minutes) The liquid is discarded and preparations are made froT hrhXcafbo T 
yhieh IS put on the sfide and dned Imer upon layer, to desired thiLess 

in Pf'iP'if'ifi'm in «hcr to remocc traces of hydrocarbon and fat 
10 ‘-tain preparation as usual In decolorizing with alcohol do one t. 
fnenti seconds’ ovposurc ns bacill. decolorize rapidly Comnlete ‘ f^mn 

pet cent soduim satpViite if necessar. Conntersta.n with j 

aqueous picnc acid 
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PNETJMONXA. Immune Transfusion In Lotar, Barach, I !• , and Soroka, M Am J 31 

Sc 182 81, 1931 

Of S patients nho i\erc treated bj immune transfusion, 0 were due to pneumococcus 
Tj’pe in and 2 to pneumococcus Typo H Pour of the C patients of Type I I I cases had a 
bacteriomia and all died TJie 2 patients of Tjpc III cases mth stcnlo blood culture sur 
viied Of the 2 patients of Tjjjo II pncunioiiia iMth positue blood culture, 1 died and 
1 sur\i\cd 

The immediate effect of the transfusion on the clinical condition of the patient was 
negligible Ko lessening of toycmin, prostration, cyanosis, or dyspnea was obsoned In 
four fatal cases, the blood culture was not rendered sterile, nor was the spread of pulmonary 
consolidation chocked The determination of protcctiic substance in the patient’s blood 
before and after transfusion of immune blood showed an absence of the introduced pro 
toctne substance in all the 5 fatal cases Of the 3 who surviied, 1 showed no protcctiie 
substance in his scrum until two dajs following the last transfusion, which therefore could 
no*^ be ascribed to the introduction of immune blood In 2 cases of pneumococcus Type IH 
infection wath sterile blood culture, tlio patient's serum contained protectise substance 
after immune transfusion although not before Their clinical course, however, was so long 
drawn out that it would not be possible to ascribe rocoverv to the protective substances 
introduced bj transfusions 

Eight patients with pneumococcus lobar pnciiinonin, 6 due to T 3 -po HI and 2 due to 
pneumococcus Type n, wore treated bj transfusion of 1000 to IGOO c c of blood from 
donors immunized over long periods of time 

Xo favorable effect was observed on the clinical condition of the patient ns a result 
of any of the transfusions The introduction of protcctiv e substance present in the donor's 
blood could not be demonstrated in the patient’s blood in the 5 fatal cases and appeared 
to have no influence on the course of the disease in the 3 recovered patients 

TUBEECUliOSIS Direct Culture In Tuberculous Effusions, Bezancon, F, and Buc, B 

Pressc nied 39 1493, 1931 

The authors hav c had success in the culture of tubercle bacilli using the following 
medium Peptone 2 gm , glyccnn 5 gm , water 100 e c , neutralizing with 1 gm of monobasic 
potassium or sodium phosphate The medium was tubed (2 to 3 c c per tube) and sterilized 
at from 110 to 115 C Pleural fluid was inoculated in quantitj almost equal to the tubed 
medium and the two liquids were mi\ed Growth in the liquid usually appeared the third 
or fourth week in the form of cotton fllaraents, sometimes at the bottom of the tube os small 
opaque white granules, these increased in volume and assumed an arborescent aspect The 
growth was more vigorous close to the surface of the liquid, there assuming cottony colonies 
The bacilli were acid resistant, often highly granular, sometimes fragmentary, and virulent 
for the guinea pig 

In old thick, punform, pleural effusions the microscopic cvamination was sufficient 
and animal inoculation was usually effectiv o Eor direct culture it was found necessary 
to add to the peptone glycerin medium 3 per cent gelose and one third volume of blood 
serum In making cultures of old punform es.udntes, as in senous evudates, inoculations 
were made exclusively from effusions in the course of artificial pneumothorax 

NEUEOSTPHHiIS Malarial Therapy of Other Than tTncompllcated Dementia Paralytica, 

Wile, D J , and Davenport, KM J A M A 97 1579, 1031 

The authors thus summnnze their experience since 1927 

1 Kalanal therapy was used in the treatment of tabes, of dementia paralytica with 
tabes, and of diffuse neurosyphilis, including cases complicating the secondaiy stage 

2 In a large percentage of cases, immediate improv ement was noted Thus, 53 per 
cent of the tabetic group showed immediate iraprovment, and later observation increased 
this group to 67 per cent In the greater number of these, improv ement amounted to com 
plote symptomatic remission One patient showung immediate improvement relapsed later 

3 In patients with dementia paralytica with tabes, 40 per cent showed immediate 
sv'mptomatic improv ement, later observ ation increased this figure to 67 per cent Thirteen 
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per cent of the cn-cs ucrc ntro'^ted, 1". per cent were nntle wor<=c and 7 per cent of 
the pitients died after kaMng the liri--pital 

4 The immediate results averc mo^t Mrihing in the diffii'ic central ncranu"! aistctn 
group In the group complicating iccondnra «:\pliili«, all eight were immcdiatcU iiiiproted, 
coven later remained acvniptomntic ind one culiseqiienth relapccd In thic race, recoin 
mended thcrapa was not earned out 

5 Twent' four eases of later occurring diffu'-c neuron philic showed striking im 
mediate improacment in all hut one case The later follow up of this group showed im 
proicment in S4 per cent no change in 10 per cent and a change for the worse in 6 per 
cent, 

6 mtinintc gain in weight was an almost uniform feature, e\cn in patients who did 
not otherwise improa c 

7 Tollowing treatment, mani colloidal gold curies hecanie ncgatiie, rciorscd, or be 
came more or less intense without paralleling ehnical results 

S Eei trsal of the serologic reaction or diminution of its positii iti occurted more 
often in the spinal fluid than in the blood in the group studied 

9 Decrease in cell counts and organic solids was almost inianahh noted 

10 Trom the foregoing conclusions, it is apparent that malarial treatment is a 
dcfiniteli beneficial addition to the armamantanum of ncurosvphilitic therapv 

B TDBBECXrLOSIS A Potato-Egg Medium for Isolation, "Woolley, J S , and Peter, P G 

Am Rev Tuherc 24 596, 1931 

Preparation of ■Uedtiim — 

AH glassware is stenhzod in the autoclave, also egg beater, potato masher, etc Eggs 
should be soaked in alcohol (70 per cent) The culture tubes, 6 x Tt inches, are stoppered 
with a Ivo S long cork stopper and heated in a hot air oven at 275° P for one and one 
half hours The use of the cork stopper helps to retain the moisture during sterilization and 
later It also facilitatoa the seeding of the tubes as the stoppers van be easily withdrawn 

Autoclav e medium sized unpeeled potatoes for thirty minutes at 15 pounds ’ pressure 
Peel, and after thorough mashing, suspend in 15 per cent glvcetol water, in the proportion 
of oOO gm of original potato to 500 c c of 15 per cent glycerin Heat in a boiling water 
bath for thirtv minutes, stirring occasionallv Strain through two lavcrs of surgical gauze 
bv compression into a flask and then boil filtrate for about five minutes Cool and add 
one part of filtrate to two parts of well beaten whole fresh egg Add sufficient 1 per cent 
crystal vaolct to make a concentration of 1 to 30,000 Stir thoroughly, to distnbnte the 
dvc cvcnlv throughout the mixture Pour the mixture through one laver of sttnle gauze 
into a tubing funnel and add approximatelv 7 or S c c of medium to each tube Sterilize 
in the inspissator at the proper slant for one half hour at S5° C on the first dav, and at 
75° on the second dav Bring inspissator up to required temperature before introducing 
tubes Bv omitting the crystal violet an excellent medium is obtained for growing stock 
cultures of tubercle bacilli Incubate the tubes to test for stenlitv Tubes must be stored, 
seeded and incubated in an upright position to k.ocp the surface of the medium drv 
The sputum before isolation was treated as onginallv suggested bv Corper 
One cubic centimeter of sputum is beaten into a homogeneous pulp and introduced 
into a stcnle 15 c c centrifuge tube with 1 c c of “6 per cent sulphuric acid” (prepared 
hv adding 17 c c of sulphuric acid specific gravitT 1 84, to distilled water of 500 c c final 
lolume) After thorough mixing the tube is stoppered with a stcnle cork and incubated 
at 37° C for thirtv minutes Dunng this period it is occasionally shaken The contents 
are then diluted with about 10 c c of stcnle phvsiologic sodium chloride solution well 
mived and centnfugated The supernatant fluid is decanted, and the residue cultured or 
mocuHted ^vltbout further treatment 

MENINGITIS The Diagnostic Value of Smears from Puipuilc Eesions in Meningococens 
Bactcriemla, McLean, S , and Cafley, J Am 1 Di« Child 42 1053, 1931 

The following procedure was found to be of carlv diagnostic value in endemic purpunc 
meningococcus infections ^ ^ 
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The tochme of examining purpinic skin lesions for meningococci is simple The shin 
surface over the cutaneous lesion is cleansed with alcohol and permitted to dr\, and then 
a small stab wound is made with a Hagedorn needle Uusualli the largest lesions are 
selected for puncture The examination, howcier, was satisfactorily completed several 
tines iMth small petechiac After the skin puncture, the extraxasated blood and tissue 
juices from the lesion arc smeared onto a slide or cox er glass Thej are then dried in the 
air and stained bx Gram’s method Mrcioscopic examinations are then made xiath the high 
poll or oil immersion lens The material on the preparation xarics considorablj in its con 
tent of blood cells and polymorphonuclear leucocj tes Usiiallj a surpnsinglj large number 
of the latter cells are present Search is made until tj pical intracellular organisms are 
identified Tn negatixc cases search xxas continued for at least one hour before a negatne 
result xxas tabulated 

The results are positix c onlj xx hen the gram ncgatix e diplococcus has been seen witlun 
polymorphonuclear leucocj tes Tj'picnl looking organisms were frcqucntlj present extra 
cellularlj as well as xxathin the cells 

POLIOMYELITIS The Spinal Pluid Cytology, Thelander, H E, Shaw, E B, and 

Lemper, M A Am J Dis Child 42 1117, 1931 

In a series of 122 cases of poliomj ehtis, the cell count of the spinal fluid vaned from 
10 to 700, xvith the greatest number of cases between 50 and 200 and about an equal number 
beloxx 50 and betxxeon 200 and 300, dropping off rnpidlj oxer 300, but a few scattered cases 
occurring up to 700 A high percentage of cases of bulbar inxolxemcnt max account for 
the large group xxith a loxx cell count 

About one half of the cases had a polxmorphonuclcar percentage oxer 50, the peak 
of the eurxe being in the group from 50 to 75 per cent This finding is not in accordance 
xxith most authors and maj bo accounted for bj xariations in difforcnt epidemics and by 
the technic of staining and studj ing the cells 

The percentage of polj morphonuelears during the acute phase of the disease was in 
dependent of the dax of the disease The presence of a high percentage of poljmorpho 
nuclears is dependent, therefore, probablx on some factor other than the stage of the 
disease 

The blood count quite consistcntlx showed a slight Icucocvtosis xxith a rclatixcly high 
polxmorphonuclear count 

AETHKITIS DEFORMANS Role of Streptococcus In An Improved Cultural Method, 

Gray, J W and Gowen, C H Am J M Sc 182 082, 1931 

The following modification of Cecil's technic is said to show growth in one to four 

days 

The patient’s arm is prepared bj two coats of lodin, washed off with alcohol and 
20 c c of blood IS drawn from a xcin in the arm, and placed in two sterile drx test tubes 
(10 c c in each) These arc placed in the ice box oxer night The serum is remoxed, clot 
broken up, and the pieces of clot placed in each of two 100 c c bottles containing 50 c c of 
media The media is prepared as follows Fresh beef heart is freed from fat and fibers, 
ground finely in a meat chopper and infused at ice box toniporaturc ox er night, using 500 
gm ground meat and 500 c c of tap water The next morning the infusion is warmed 
from 20“ to 25° C and squeezed through a flannel bag The filtrate is then boiled slowlj 
for one hour and filtered through paper It is then made up to x olume, 1 3 per cent peptone 
CWitte), 0 5 per cent chloride of sodium, 1 per cent dextrose, and 1 per cent gelatin aidded 
This is then placed in the Arnold sterilizer for tw entx to twenty fix o minutes to dwsolx e 
the ingredients It is then titrated to Ph 8 and laced m the Arnold sterilizer for one hour 
It IS filtered through paper and retitrated If the Ph has dropped beloxv 7 8 it should 
be retitrated to that figure It should not be below a Ph of 7 S before placing in bottles 
The bottles are prepared beforehand bj placing about a teaspoontul of calcium carbonate 
(c p , powdered) in each of them, plugging with cotton, or cheesecloth, and cotton and 
sterilizing in the drx sterilizer for one hour In these sterile bottles 50 c c of medium 
are placed and sterilized in the Arnold sterilizer for tliirtj minutes on three successixe 
days 
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At the end of three d^^s it is titrstcd -iml if the Pn is 7 C to 7 S it is sstisfaetors 
It iisusllv shows 1 Pr of 7 7 to 7 S If the Pn is correct, the medium is pi iced iii the iii 
cuhator for so\ oral das s and if sterile is then reads for use 
The authors thus suuimarirc their in\ cstigation 

1 Our results confirm recent ms estigation that arthritis deformans is due to an Alpha 
tepe streptococcal infection of the joints 

2 Climate and fatigue are important predisposing factors 

3 The Alpha tvpe or Alpha prime streptococcus causing arthritis deformans produces 
slight hcmolvsis in pnmarv cultures 

4 The blood or joint fluid was positi\c for this streptococcus in G2 per cent of 71 
arthritis deformans cases 

5 An improi ed cultural method for the quick growth of this organism from the 
blood and joint fluid is described 

6 The clinical picture and pathologi of arthritis deformans arc fi pical of an in 
fectious process 

7 Agglutination tests arc of considerable \aluc in diagnosis 

S The importance of general and focal treatment should not be underestimated 

9 Specific vaccine therapv is the most efficient form of treatment because it has cured 
or improied patients who were becoming progressii cli worse following other forms of 
treatment 

10 Vaccine should be prepared from blood or joint cultures when possible, otherwise 
from cultures from foci or from stock specific strains 

11 Vaccine treatment preliminary to the removal of foci, particularlv badlv infected 
tonsils, might prevent undesirable joint reactions 

12 Vaccine for the cure of joint infection must be continued for a long period of 

time 

13 Intravenous vaccine promptlv relieves svmptoms and probahlv controls the joint 
infection more quicklv than subcutaneous injection 

14 The dose of vaccine and interval between injections should be so regulated that 
reactions do not occur, particularlv joint reactions 

TISSUE Method for Examination of the Appendix, Steinberg, E Arch Path 12 598, 
1931 

The method below is useful in determination of a perforation and the localization of 
the lesion 

An ordinarv 5 or 10 c c svnngc is partlv filled with a weak solution of cosin A 
needle is attached to the sv nnge, and the needle is introduced into the lumen of the ap 
pendiv through its proximal end A hemostat is applied over the appendix and needle to 
keep the needle in place and to prevent the escape of the eosin The heomostat is 
applied over that part of the appendix which shows the hemostat markings made bv the 
surgeon The piston of the sv nnge is gentiv pushed down so that the eosin solution runs 
into the appendiceal lumen At the point of perforation, the cosin escapes through the wall 
and marks the point of the perforation This method of filling the appendix was found pref 
erable to the introduction of the fluid bv grav itv The slight pressure exerted was not found 
to produce artificial perforations in gangrenous appendices If a permanent record is 
desired of the perforation and its location, iodized poppv seed oil 40 per cent mav be intro 
dueed instead of eosin and a roentgenogram taken 

The following method is suggested for cutting and sectioning the appendix 
After the appendix is recciv ed from the operating room it is placed in a 10 per cent 
formaldehv dc solution for from six to twentv four hours The organ is then romov ed from 
the fixative and cut longitudinally with a long and flat bladed knife The cut is begun 
at the tip of the appendix with the heel of the knife and earned longitudinallv through 
the approximate middle of the organ The appendix is supported gentiv wath the left hand 
and the knife is earned in a single cut to avoid an irregular surface At the completion 
of the section two equal liahcs arc obtained Each half of the organ shows the lumen 
its contents and the wall ' 
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For histologic sections one or both hnlics ninj bo used Ani method of handling 
the tissue preparatorj to embedding mni be cmploied Houcicr, Steinberg boheies it 
preferable to use alcohol for dehjdration and chloroform for clearing Either colloidin or 
Warthin’s celloidin sheet method or paralTiii embedding maj be selected The paraffin 
method requires more skill and eare in prcicnting wrinkles and tears Sections G microns 
in width are made through lanous leicls in which the appendical lumen persists From fi\e 
to ten sections will gi\c a composite picture of the entire organ The sections allow the 
determination of the width of the lumen and the relation of the opposing surfaces, and 
make it possible to study the whole length of the appendix in a single or two sections 
GIiAlEDEIiAE FEVER Protozoal Nature of The Experimental Disease, Bland, J 0 W 
Bnt J Exper Path 12 311, 1931 
The results of this study arc thus summarized 

1 The rabbit diseases, pre\iousl 3 called “experimental glandular fe\cr,” which 
followed the inoculation of blood from two cases of human glandular fo\cr is caused by 
protozoa of the genus Toxoplasma 

2 These protozoa closely resemble the Toxoplasma cuniculi and are immunologicallj 
identical with it The disease they cause is indistinguishable from that produced by a 
strain of T cunicidi 

3 The protozoa differ from ordinary T cuniculi in their greater a irulcneo for rabbits 
and in their power to infect monkeys in which animal thea produce a disease lery like 
human glandular feaer 

4 No similar disease has been produced in rabbits of the same stock by control inocula 
tions anth normal rabbit or normal human blood or aaath blood from febnlc people 

5 The eaidence suggests that human glandular feaer may be caused by the protozoa 
described, but this requires confirmation 

DAKIN’S SOLUTION Simple Test for Available Chlorine Strength, Etc., Ullrich, A H 
Am J Pub Health 21 1257, 1931 
Apparatus — 

Pipette graduated to deliver 5 cc Dakin’s or cquiaalent chlorine solution (Note 
Our test IS based on the use of a 5 c c sample of the solution to be tested ) 

Pipette anth two graduations, the first to deliver C 43 c c N/10 As Oj, the other to de 
hver 7 S6 c c N/10 As Oj 

Two 2 ounce ground glass stoppered bottles to be marked No 1 and No 2 respectively 
for convenience 

1 c c medicine dropper for orthotohdin 
Seagenis — 

Standardized N/10 As.Oj solution 
Standard orthotohdin solution 
Procedure — 

To each of the 2 ounce bottles add approximately 20 c c of distilled water and then 
exactly 5 c c of the solution to be tested 

To bottle No 1 add standard arsenious acid solution as measured by the lower mark on 
the graduated pipette or 6 43 c c 

To bottle No 2 add standard arsenious acid solution as measured by the upper mark 
on the graduated pipette or 7 86 c c 
Shake contents of both bottles 
Add 1 c c orthotohdin solution to each bottle 
Besults — 

No color in either bottle, solution tested weaker than the accepted Dakin’s solution 
Yellow to orange color in bottle No 1 but no color in bottle No 2, solution tested has 
correct strength for accepted Dakin’s Solution 

Color in both bottles, solution tested is stronger than accepted Dakin’s solution 
SPINAL FLUID A New Test, Gruskin, B Am J Clin Path 1 441, 1931 

Ten Wassermann tubes are set up in a rack Into Tube 1 there is pipetted 0 3 c c of 
spinal fluid, into Tube 2 there is pipetted 0 23 c c of spinal fluid To Tube 1 there is added 
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07 cc of tili\ Molopc ■inline, nn-l to TiiVio 2 i*, nAtkil 0 77 c c of s-iUne, bnngtnR the -volume 
m c-\ch tube up to 10 cc Into encli of the other ei(;ht tubes 05 cc of snhnc is added 
The fluid in Tube 1 i= ucll mixed In genth shahiiip or In pipetting nnd 0 j c c is trans 
ferred to Tube 3 mixing well and transferring 0 5 cr to Tube 5, nnd so on in alternate 
tubes until the ninth tube is reached, from this tube 0 5 c c is discarded Then beginning 
mth Tube 2, the fluid is ucll mixed nnd trunsferred similnrh in senes to Tubes 4, G, 8, 10, 
discarding the 0 5 c c from Tube 10 

To each tube is then added 10 cc of starch iodine solution The tubes arc care 
fuUv agitated until the color is uniform m each tube, nnd the color of each tube is read 
immediatcl' The final readings are taken one half hour later 
The starch iodine solution is made ns follous 
One part aqueous iodine (0 1 gram in 1000 c c distilled irater) 

One part starch solution (0 75 gram in 100 c t of saline) 

One part phxsiologie saline (S o grams XnCl in 1000 c c of distilled water) 

One tenth gram of fine iodine cnstals will dissolve in the water m from three to four 
weeks The wnter must be absolutelr free from organic matter so that the solution of 
iodine will not be weakened bv anv reaction or standing Soluble starch is used for the 
starch solution and is heated onlr until a clear solution is obtained The solution need 
not be boded and should not be used when it has become cloudx on standing The gla«s 
ware for the test should be chcmicallj clean and dned bv sterilizing in the gas oxen, thus 
keeping it free from foreign matter, such as lint, dost and the like 

The readings are made in srmbols as follows decolorized tube, O, light blue color, L, 
standard blue of starch iodine solution, B Enclosing the letter in parentheses indicates a 
lesser x alue, thus, (L) indicates a x crx pale blue color and (B) a slightlv affected standard 
bine color 

In normal fluid two tubes are slightlx affected and one tube is sometimes decolorized 
In tabes, from four to fixe tubes arc affected and two of these are decolonzed 
In paresis, from fixe to six tubes are affected and three of these arc decolonzed 
In meningitis, from seven to nine tubes max be affected, according to the sexentj^ of 
the case and from fix c to six of these are decolonzed 

PHOTOORAPHT X-ray Ink, Ealson, T W Eadiographx 7 13, 1931 

The follo-wing formula, devised for marking s ray films, conceivably might be used 
for marking microphotographs 

'VTatcr 20 c c 

Sodium iodide 11 gm 

Banum sulphate 40 gm. 

Mucilage of Acacia 2 gm 
Chloroform lee 


The sodium iodine content can be x aned from the amount stated in the formula, more 
iodide gives greater x rav absorption, although poorer -wnting and drxing quabties, while 
the reverse is true for lesser quantities of iodide 

Since the banum sulphate tends to settle on standing, the ink should be well shaken 
before using A laU pointed pen is recommended for use with this ink, and the wnting 
should be done rather slowlx m order to produce a broad, heax-x line 

TOblOMYEUTlS Eesults of Treatment in One Hundred and Four Cases, Sha-w B B 
Tbelandcr, H. E , and Lemper, M- A. J A M A 97 1620, 1931 ’ 

The studx IS thus summanzed 

One hundred and four patients with pohomxelitis were admitted to Children’s Hos 
pitaUn the penod from Jul> 1 to Dee 31, 1930 Specific therapy was attempted in 92 


Of 53 patients treated before the onset of paralvsis, 
time, 15 showed transient weakness which had entirely 
showed persistent paralvsis and one died 


2S showed no paralvsis at anj 
disappeared before dismissal, 9 
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The a^erage age of the unpanlvyed patients uns nine and one half lears, of the 
transiently parah/cd, 10 jears, ana of those with definite paraljsis, 17 jears This is at 
least significant to the hjpothesis that better result" are obtained in the lower age group 

The aicrage spinal fluid cell count was 14G in the iinparaljzed group, 119 in the 
transicntlj parahzcd group, 197 in the persistently paralyzed group, and 270 in the single 
fatality These aiorages ucre mntlo up from widely inrying indnidual cases and, we 
bclicie, are without significance 

Soium was applied, on the aiorage, 2 7 days after onset of symptoms in the unparaljzed 
groups, 3 6 days in those with transient paralysis, and 3 4 days in those inth persistent 
paralysis 

The ayerage amount of serum used in the group treated prcparalvtically was, 
respeetiy cly , 120, 151, 209, and 373 c c 

In the group treated in the acute stage after the appearance of demonstrable weal 
ness, of 39 patients, 9 showed transient weahness, 23 had persistent paralysis, and 7 died 

The ayerage age in those with transient yiealncss yyas 6S years, 11 7 years in those 
with persistent paralysis, and 19 8 years in the fatal cases, again showing the higher 
ayerage age in those with serious outcome 

Ai erage cell counts wore ti7 in the transientli paralyzed, 194 in those with persistent 
paralysis and 199 in the fatal eases 

Treatment was instituted on the ni erage of 3 7 days after onset of symptoms in the 
transiently paralyzed, 4 2 days in the cases of paralysis and 6 3 days in the fatal cases, 
coinciding wath the general idea of the importance of carh treatment 

The transiently paralyzed patients rccencd an ai erage of S4 c e of scrum or plasma, 
the permanently paralyzed 150 c c and in the fatal cases, 136 c c was giien 

Of the 33 patients treated before the onset of paralysis, 83 4 per cent showed no 
permanent paralysis, 10 9 per cent showed definite persistent paralysis, and 19 per cent 
died Of the thirty nine patients treated after the onset of paralysis while the disease was 
still acute, 23 08 per cent showed no end parahsts, 59 per cent showed definite paralysis 
and IS per cent died It is unfair to attempt to compare the results in those two groups 
of cases While the first group included at least a few benign cases, the second group in 
eluded many extremeh y indent cases referred to the hospital because of their fulminant 
course 

IVTOLTIPLE SCLEROSIS Study of the Etiology of Well, A. J J A W A 97 15S7, 

1931 

Having first learned their methods by working wuth Chciassut and Pun cs Stewart 
the author repeated their work on the etiology of multiple sclerosis with the following 
results 

1 Repetition of the expeninents of Chevassut and Pun es Stow art failed to produce 
comincing eyidencc that, in multiple sclerosis, cultures from spinal fluids yield a flltrable 
Mrus and that this urns is responsible for the production of the disease 

2 The fact that spheres and colonies of spheres may moic readily bo seen in agar 
cultures of spinal fluids that haie gnen a positne globulin reaction suggests the precipita 
tiou of colloidal protein (or lipoid) particles, winch become visible in the dark field 
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Klmische Laboratonumstechnik 

T his third a olume consists niostl' of functional tests of \ anous organs such as the lia or, 
kidnevs pancreas stomach, intestines, nnd lungs, the gall bladder and cxtrahcpatic 
bile ducts, the heart, blood acssels and the circulnton sastem as a aahole, and the organs 
of internal secretion such as the thvroid, hvpophasis adrenals, gonads and pancreas 
There arc also chapters on capillaroscopv, aital staining, in aitro cultiaation of tissues, 
serologic diagnosis of cancer, and methods of testing the pha siological effects of athletic 
training A large number of tests are giacn under each heading and for each test not 
onla are the apparatus used and the methods employed fulla described but a critical 
eaaluation is made of each test and a full bibliographa added 


Die Reguliening der Atmung'f 

T his monograph is a companion a olume to the author’s “Eeguliemng des Blntkreis 
laufes” (Thieme, 1930) It consists of a thorough discussion of respiratory phe 
nomena The action of such chemical agents as carbon dio-nde, oxvgen, acctvlcholine, 
pituitnn, cpinephnne, etc arc discussed and their effects correlated anth circulatorv, 
neraous, and mechanical factors The author also offers near eaidencc concerning the 
Henng Breuet refle's, in avhieh he lavs much stress upon the part plaved bv the diaphram 
A bibliographv of oa cr 400 titles is affixed 


Die speziellen Blutkrankheiten im Lichte der qualitative!! Blutlehre- 

r this second volume the author considers in detail the blood pictures encountered in 
a anous pathological conditions, grouping them according to the tvpe of blood reaction 
produced 

He deaotes 90 pages to agrauuloca tic reactions, 90 to la-mphocvtie reactions, 150 to 
Ivmphatic leukemic reactions and the rest of the book to the lesser reactions His method 
of differential aualasis of blood cells resembles the better knoavn method of von Schilling 
but differs from it in many details 


. , I;^boratorlumsteclmlk (Clinical Laboratorj Methods) Ba Brugsch and Sohitien 

helm a ol in Published ba Ijrban and Schararzenherg Berlin and Vienna. 1928 chitten- 

o-.,. ReKu"e''uns der Atmung (The Pegulation of Breathing) Bj av P Hess Geori- 

Thieme Leipzig 1931 137 pages ness ceorg 

„„„ BlutkranKheiten im Lichte der qualitatlaen Blutlehre (Special blood die 

amnste? ciualltatia e blood examinations) Ba Joseph Arneth H Stenderhoff 


Aote In so far as practicable the book remear section anil present to the reader (oa 
interesting knoavledge on the subject under discussion, culled from the rolume reneaved ami 
aolunlr*'"^'*'’" contents so that the reader mar judge as to his personal need for the 

IVe trust that the scicntifie information printed in these natres anil mete tn., 
thereof desirable per sc and anil thereba justify the space alloft^d^thereto reading 

393 


The Journal of 
Laboratory and Clinical 
Medicine 


VoL XYII St Loujs, Mo , January, 1932 


No 4 


Editor WAEEEN T VAUGHAN, MD 

Eiclimond, Vi 


ASSOCLVTE 

Dia^Nis E Jackson, MD 
Paul G "WooLLE-i, MD 
J J E Macleod, mb 
W C MacCaett, AI D 
Geralb B 'Webb, M D 
Victor C Mters, Ph D 
Bussell L Hadea, MD 
John A Kolmer, MD 
Eobeet a Kilduffe, M D 
George Herrmann, M D 
T B Maoath, M D 
Dean Leivis, M D 
M H Soule, ScD 


EDITOES 

CiNCINL ATI 
liOS Angeles 
Aberdeen, Scotland 
Eochesteb, Minn 
Colorado Springs 
Cleveland 
Cletcland 
Philadelphia 
Atlantic City, N J 
Gala’eston 
Bochester, Minn 
Baltimore 
Ann Arbor, Mich 


Contents of this Jourml CopjTiglit, 1932, bj The C V Mosby Comp my — All Eights Eeserved 
Entered it the Post Office at St Louis, Mo , is Second Cliss Matter Additional entry as 
Second Class flatter at Fulton, Mo , Pending 


EDITORIAL 


Experunental Studies of Dengue 

'X'lME was ■when diseases could be labeled geograpliically, as it were, and 
spoken of as “tropical,” “Oiiental” and the like Asith some confidence that 
necessity foi any familiarity nitli their chaiacteristics rested mainly upon 
physicians practicing in appiopriate localities 

The changes brought by modem methods of rapid tiansportation, however, 
have almost erased the geographic boundaries of disease and to that extent have 
compheated and extended the scope of the diagnostic problems in which the 
practice of medicine abounds 

For these reasons, as well as for the interest ivhicli attaches to the clarifica- 
tion of any pnzzhng problem in medicine, the recent comprehensive report upon 
studies in dengue bv the United States Aimy Medical Department Eesearch 
Board constitutes a contribution of distinct impoitance ^ 

Dengue, or “breakbone” fever, is an acute disease chaiaeteiized by sudden 
onset, initial erythema, headache, and pains in the trunk and limbs, especially 

^Simmons J S St John J H and Rejnolds F H K. Experimental Studies of Dengue 
Philippine J Sc 44 1 1931 
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the joints, the pam and stiffness in which lead to a pcculiaiitj in gait from winch 
the term “dandv fever” arises 

The disease has long been the siibicct of experimental investigation 
That the etiologic agent of dengue is a filterable virus which can be demon- 
strated in the circulating blood and that the disease mav* be transmitted bv the 
mosqiuto (Aedes aegvpti) was first showm bv Ashburn and Craig in 1907, their 
results being corioborated bv the later work of Siler, Hall, and Hitchens in 
1922 

The investigations thus begun have been continued and extended by the 
authors of the present report whose studies were planned to consider 
a The epidemiology of dengue 
b The nature of the virus 

c The possibdity of transmitting the disease by insects other than A 
aegvpti 

d The possibibty of transmission of dengue from infected to normal insects 
e The search for a susceptible experimental animal 
f Search for improved diagnostic methods 
g Observations on the therapeutic value of immune sera 
h Investigations of a prophylactic vaccine 

"While aU of these problems hav e not been solved, the inv estigation has defl- 
mtelv added to the present knowledge of dengue and wiU further the progress 
of future inv estigations not onlv of dengue but also of yellow fev er, as the two 
diseases, though differing greatlv in severity, as dengue is practieallv never fatal, 
nevertheless have manv points of similarity 

1 The Epidemiology of Dengue — ^The present studies indicate that, as far 
as the Phihppme Islands are concerned, dengue occurs in seasonal waves reach- 
ing their peak sometime between April and Nov ember There is a direct rela- 
tion between the monthly rainfall, and hence the mosqmto prevalence, and the 
prev alence of dengue The suggestion is advanced that the dengue virus may be 
mamtained in an endemic area by transfer through (a) susceptible native chil- 
dren, (b) incompletelv immunized native adults (e) susceptible newcomers 
from dengue-free locabties, and possibly, (d) by direct transfer from infected 
to normal insect v ectors 

2 The Tiansmission of Dengue ly Aedes Aegypti — The importance of this 
mosquito as a dengue vector is again substantiated bv the present investigation 
which has added to the understanding of the mechanism involved 

It appears defimtely demonstrated that the mosqmtoes become infected only 
when they feed during the first forty-eight hours of the disease, that the disease 
may be transmitted by small lots of five or ten just as consistently as by lar»'e 
groups of one hundred to one hundred and fiftv', and that mfectivitv persists 
for from sixtv to sev entv davs, if not indefinitelv at the temperatures prevadin"’ 
in ilanila (maximum 36 7°C , mean, 26 3°C , and minimum 17 4°C ) 

3 The Transmission of Dengue hy Insects Other Than A Acgypti ^The in- 

vestigations described in the report offer positive proof that not only A aegypti 
but also A albopictus transmit dengue and hence suggest that it is reasonable 
to suspect that still other members of the Aedes species mav be concerned in the 
spread of tins disease Experiments with Culex quinquefasciatus indicate that 
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if this mosquito is able to tiansuiit dengue to man, tins piobablv oceuis only 
as a lesult of meeliamcal transfei of blood duiing inteirupted feeding That 
IS, a 0 qmnquefaseiatus, interiupted in its feeding upon a dengue-infected m 
dividual, when it resumes feeding upon a noninfected indnidual, may niechan 
icallj transmit the vurus "While such mechanical tiansmission of the cbsease has 
been pioved expeiimentally, relatively laige numbers of mosquitoes are neces 
sary for such transmission, and it is piobable that it occurs but rarely in nature 

Contamination of the slun bj ciushed A aegypti or othei insects in vhich 
the virus might exist does not appear to be a factor in the natural spread of 
dengue 

The conclusions of Silei, Hall, and Hitchens that the \urus of dengue is not 
tiansmitted fiom infected female A aegvqiti through egg to offspring are cor- 
loboiated by the piesent eommission, nor vas it possible to infect mosquito 
larvae with the dengue viius, althougli it was not possible to be certain that the 
dengue virus added to the w atei was ingested by these larvae oi that it remained 
alive long enough to cause infection 

As dengue nrus escapes fiom the proboscis of infective female A aegvpti 
while thej aie feeding on blood, it was considered possible that a similai escape 
of the virus might occui during the mgestion of othei foods oi water and thus 
make it possible foi noimal mosquitoes feeding subsequently on the contami 
nated material to become infected While this possibihtv' was not pioved ex- 
perimentallvq the evidence was suggestive and the contingency cannot be dis 
missed, particularlj as in othei experiments it was showui tliat the vuius ot 
dengue could be transferred bj feeding noimal A aegypti on infected mosquitoes 
macerated and suspended in noimal blood 

Undei these circumstances not less than fiv e infective mosquitoes per cubic 
centimetei of blood weie lequired, a peiiod of more than seven davs being re 
quired before mosquitoes thus infected could tiansmit the disease 

4 The Natuie of the Yu vs — ^Attempts to demonstrate the dengue virus 
weie entirely unsuccessful although attempted with various wavs 

The results of cultiv^ation expeiiments were entirely in accord with those 
of pievuous mvestigatois in suggesting that the vuius of dengue was incapable 
of multiplication in the culture media used (Noguchi’s serum medium, Boeek 
and Drbohlov’s ameba medium, Hibler’s biain medium, MNN medium, brain 
agar, Frances’ cystine agai, dextiose infusion bioth, and mosquito biotli under 
aerobic and anerobic conditions at 37 5°C and lOom tempeiature) 

From available information it was evident that the dengue viius remains 
alivm in its mosquito and animal hosts for much longei peiiods than in the dead 
tissues of these hosts, although the duration of life in the lattei under fav^oiable 
conditions may not be inconsideiable The vurus was not pieseiv^ed in an infec 
tivm state m dessicated infective mosquitoes stoied at 18 °C for four davs noi 
in frozen dried blood collected during the fiist dav^ of fever 

The VIIUS was again shown to be filterable duiing the course of the present 
experiments 

5 The Chmeal Aspects of Dengue Fcvei — Based upon experimental cases 
the clinical aspects of the disease may thus be snmmaiized 
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The a^eiage incubation peiiod ■was 5 6G daAS, duration of fc\er 4 8 da'vs, 
■with pninarv rash, 33 8 pei cent, mth sceondai\ rash 69 5 per cent 

Additional svinptonis coniinoul^ obsened were leucopenia (100 per cent) , 
postoibital pains and backache (90 per cent) altered sense of taste (65 per 
cent) , pains in limbs (GO per cent) , adenopathy (4( per cent) , pains m the 
3 omts (43 per cent) 

In 58 per cent of the cases (60) the onset was abrupt, usually with chill, 
while in 81 cases the disease was mild in 13 6 per cent, a\erage in 70 4 per cent, 
and severe in 16 per cent 

Prom the diagnostic standpoint the leucopenia and other associated leuco- 
cwtic signs were of the gieatest diagnostic ^alne no significant changes being 
observed in the red cells or blood platelets 

Leucopenia was invariablv eneounteied at some time during the infection, 
after its initial appearance was progressive, and often lasted for several days 
after the subsidence of the fever 

As a rule the leucopenia began on the second dav reaching a low point in 
the fourth fifth, or sixth dav after onset, and graduallv returned to normal on 
the third or fourth dav of convalescence 

Differential studies showed the leucopenia to be due to a decrease in both 
the Ivniphocvtes and mature neutrophilic granulocvtes, the former first return- 
ing to the normal level during convalescence 

Coincident ■with the appeal ance of the leucopenia there was an enormous 
increase in the number of immature granuloc%tes This sharp “shift to the 
left” was a constant reaction and togethei ivith the leucopenia, constituted the 
most leliable single diagnostic sign of dengue fever 

6 Dengue hmmnniy — Xo e^ndenee has vet been advanced to prove that 
all people of anv race or group may be naturallv immune to dengue On the 
contrarv a large proportion of human beings are apparentlv naturallv suscepti- 
ble as IS indicated bv different epidemics mvohnng from 75 to 100 per cent of 
inhabitants particularlv m places where the disease is first introduced 

That immuiut% is produced is shown bv studies of adult natives Imng in 
endemic areas the immunitv in Pilipmos being apparentlv well developed, al- 
though not necessarilv invineible under experimental conditions 

The present studies sugge'^t that the immumtv foUo^wing an attack of dengue 
fever in persons residing in endemic areas is probablv completelv protective m 
the majoritv of instances There is some possibditv although this remams to 
be demonstrated that the immunitv produced bv a single attack mav be main- 
tained bv subsequent intioduetion of ■virus from infective mosquitoes 

Attempts, during the fever and follo-wing reeoverv to demonstrate specifie 
antibodies in the serum were not successful 

7 ProplnjIacUc Taccuiafwn onlv failure followed vaecmation of 
volunteers with filtrates from saline suspensions of macerated infective mos- 
quitoes saline suspensions of nouinfectne immune dried blood, and a vaceme 
prepared from infectne A aeg^v-pti Simmons Revnolds and St John believe 
that an effcctne piophvlactie laecme against dengue mav vet be developed bv 
further imcstigation ^ 
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8 The SeaicJi foi a Svscephhle Expcnmcvtal Amnial — ^Pioof is offeicd 
that dengue can be tiansmitted to inonke\s (hi fuscatus and M philippmensis) 
bj infected A aegi-pti, that the urns multiplies in the blood 1111110111 producing 
recognizable Ijiiical cbanges in the tempeiature 01 the leucocjte counts, that at 
some time between the thud and ninth daj the nrus may be passed to other 
monkeys by blood inoculation 01 maj’- be tiansf erred thiougb Aedes to other 
monkeys or man , and that in one monke} a single attack produced an immunity 
which lasted for several dajs 

As, therefore, monkeis are able to take part in the natural dissemination 
and maintenance of the virus in endemic tropical localities they are of consider- 
able importance to any consideration of the cpidenuolog5' of dengue 

Attention is also called to the fact that negative conclusions should not be 
dravn concerning animal susceptibility unless (a) the animals tested are 
larovn to have been protected throughout then lives from the bites of infected 
mosquitoes, and (b) unless they are tested daily from the fourth to the eighth 
or ninth dav after the introduction of the nrus bj transfer of blood, either di- 
rectly 01 mdirectlj^ through mosquito vectors to susceptible volunteers 

So closes a report representing a long and careful series of investigations no 
reference to which vould be complete without mention of the volunteers whose 
willingness to become the subieet of expeiimcnt made the investigation possible 
and in no small measure contributed to the measure of the success it attained 

—R A K 
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EXPERI3IEXTAL ADRENAL EXHAl'STION® 

By Chvrlfs W Edmlads, MD , a>i> Rvlph G Smith, MD 
Ann Arbor, Michigvk 

XTOIEROUS leseaiches Iwe been catned on in the past few years upon, the 
nervous control of the adrenal glands, upon the eflect of \artons poisons 
upon the output of epinephrine and upon the store of epinephrine which remains 
in the glands following the action of the poison The relation of the splanchnic 
nenes to the glands has also been extensnelv studied and the importance of these 
nerves in the control of the output of epinephrine has been repeatedlv demon- 
strated It has been shown that some of the poisons lead to a certain diminution 
in the amount of epinephrine in the gland and in fact hunger and cold mav have 
a like effect 

Among the toxins which grcatlv lessen the epinephrine stole, diphtheria 
toxin occupies a v erv prominent position In this connection an important fact 
was pointed out bv' Elliott,' vnz that the action of tins poison is an indirect one 
and exerted mainlv through the central nervous system as its effect is wanting 
when the splanchnic nerves are cut 

Amoinr the drugs which affect the epinephrine output phvsostigmine - 
pilocarpine^ and strvdrnine' arc perhaps the most important These have been 
studied by Stewart and Rogoft who have demonstrated that there is a distinct 
increase lu the epinephrine content of the blood following the administrations of 
these alkaloids This increase is most marked when phvsostigmine is mv en Cer- 
tain other drugs ai e said to hav e a similar action but the effect is not nearlv so 
pronounced as with those named One of the less known drugs which apparentlv- 
posscssos this action is a tellurium compound studied hv Cow and Dixon- who 


•Prom t)ic t-sbomtor^ of Ph'XrmocoIos' of the Umter^iU of Vllchiuan 

Pr<;«=ttnea btfort the V««oclatlon of Vmericsti Phvslciaos at Atlantic Cilv JJaj IV-*! 
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asciibed its effect upon, the ciiculation to the libeiation of epinephiine fiom the 
adrenals Section of the splanchnies did not altei the piessoi effect of the diug 
so that it ■ftould seem to be due to a diiect effect of the compound upon the glands 
themseh es Repeated injections of the compound tended to pioduce dinunishmg 
lesults which fact is aseiibed to an evliaustion of the glands A delay, howeiei, 
befoie fuithei injections sufficed to pioduce a noimal response again The rest 
inteiial necessaiy foi lecoveiw is not stated but it foims quite an important de 
tail in gmng some indication ot the rate of epinephi me i eplaccment m the gland 
It might be questioned uhethei the failuic of ciiculatoij i espouse to lepeated 
injections is due to lack of aAailable epiiieplmne or to fatigue of the stiuctuie 
acted upon due to too fiequeiit stimulation The impoitaiiee of the point lies 
in the fact that the conclusion is diawn that dining the biief rest inteiial epi 
nepluine is replaced and that theie seemed to be no limit to the amount which 
the gland can manufaetuie pioiided “a little time is gnen ” It ivill be seen at 
once that these facts hare an impoitant beaiing upon the geneial question of 
epinephiine i eplaccment, a matter uhicli no liaAe studied m detail, as will be 
discussed later in this paper The direct CMdence wliieh Cow and Di\on cite in 
support of this point is found in the epinephiine content of two glands, one re 
nioied befoie, the other alter the animal had leceired si\ imections of the tel- 
lurium compound Yen little difference was found indicating that the gland 
replenished itself leiv lapidh It should be pointed out, howerer, that a dif- 
ference in epinephi me content betw^een the tw o glands w'ould hai dir be crpeeted 
under the conditions described The amount of actne piinciple which is neees 
saij'' to raise the blood piessuie is so minute that even si\ stimuli from the tel 
luiium compound would call foith an almost negligible amount of epinephiine 
This fact IS supported bv the results obtained by mam investigators who aftei 
lepeated stimuli of one splanchnic nei\e found no lessening of the epniephinie 
content of the gland as compared with the resting gland 

For riistaiiee Stewait, Rogoff and Gribson" stimulated the left splanchnie of 
a cat 52 times in 4 hours At the end of the experiment the left adrenal jielded 
0 14 mg epmephrme while the right control gland contained 0 10 mg The situ- 
ation IS much the same wdien certain drugs are injected which nr themselves in 
crease the epinephiine content of the blood but which maj or maj not affect the 
store of the actiAe principle Some lessen the stoie and otlieis haie no such 
influence 

As an illustration Stewait and Rogoff found that pilocarpine caused a leiy 
mild diminution in epinephrine store In one cat to which 31 mg had been ad 
nuiusteied wathin Aac hours, both adrenals being the same wmiglit, one glaud pro 
teeted by cutting the splanchnic neiA'e eontaiued 0 31 mg of epinephrine ivhile 
the gland ivitli intact neiie supplj had onh 0 24 mg The work of Elliott 
pointed to a smaUei difference e^mn than that quoted aboi e 

Strcehnine also ivas found to meiease the epinephiine output e\en to fiie oi 
SIX times the normal amoiurt through a central action and imt examination of the 
glands on the tivo sides — one wuth intact splanchnic and the other with the neiie 
sectioned — showed no difference m epinephrine store These cats had been sub- 
jected to the action of stiwchnine for mam hours and had apparentlj' been pour- 
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ing out cpiucplmnc in inci cased amounts and ^ct nitli no diminution of stoie 
The onlv conclusion to be diami is that undci the iiiflucncc of the stnchninc 
the animals must ha\e been foiming epmcplmne in laigei amounts to allow foi 
the mei eased output mthout depletion of the glands 

Still anothei diug nliicli has a maikcd effect upon epincphiine output is 
phvsosti£miine It has been shown that this alkaloid will iiiciease the epinephrine 
content of the blood eien to fittecii times the noinial amount ■ 

Recenth Ciowden' has showm that the adienals can he pai-tmllv depleted bv 
subjeetnig the animal to exteiiial cold Cats made wet weie kept at a temper- 
atuie ot 0° C toi some hours and examination showed that theie was a certain 
degiee of depletion in most ot the animals iIoieo\ei the depletion was from 20 
to 30 pel cent gieatei in the noimallv innervated gland than it was in the gland 
wuth the neiie connection seveied Rxpeiimcnts weie cairied out also to stiidi 
the late of lecoveii ot the glands after such depletion and it was found that 
while eighteen houi"s was insufficient tliiee davs seemed to be ample 

Oui own expel iments weie earned out in an attempt to study further the 
phenomena of adieiial depletion and recoveiy — what factors might affect them 
and whetliei possible anv light might be shed upon the nature of the piecuisoi 
foi epinephrine m the bodv 

The fiist pait of oui studv was similai in nature to that earned out hv 
Ciowden, nz , to ascertain what agent, if anc could be relied upon to produce 
epinephrine depletion "NVe studied first of all phi sostigmine inasmuch as it had 
apparentlr proied to be the most active adrenal stimulant Our work was done 
exclusiveh' on dogs and the method of extracting the epinephrine from the 
glands was essentiallv that deseiibed b\ Folin, Cannon, and Denis ^ iletz sm- 
thetic epinephrine was emploved as a standard, a sufficient amount of X/10 HCl 
being added to the watei containing the alkaloid to bung the latter into solution 
A 1 1000 solution thus prepared was fur-ther diluted as needed for in]ection 
fVe found the biologic method of estimating the stiength of epinephrine solu- 
tions — bv means of the blood piessuie method on dogs — to be much more satis- 
faetoiw than the color imetiic method so that we used it exclusivelv The detaih 
of the manner of earrving out this method of assav are so well known that then 
repetition here is supeifluous As a control a total of eleven normal dogs gave 
an average content of 151 mg of epinephime foi each giam of fiesh gland 
These figures were a little higher than those usuallv accepted as beins normal 
foi dogs , VIZ , 0 1 per cent ot the moist weight of the glands Also the indmdual 
animals showed a somewhat vnde variation some havnng as little as 1 04 m"- per 
giam of gland , otheis havnng fiom 1 75 mg to 2 CO mg and one was found" vmth 
2 98 mg pel giam This great vanation in epinephime content made it veiw 
difficult to diaw conclusions ns to the eftect of expcnmental procedures as one 
animal might noimallv caiiw three times as much of the substance as another 
Anothei soiiicc of difficultv encoiinteied at times was the natural tolerance 
ot some or the dosrs foi plnsostigmme A\Tnle the vast maiontv of the animals 
showed marked svmptoms Horn 0 5-1 5 mg of the alkaloid per kilomam an or 
casmnal animal was encountered winch was icsistant and winch showed little 
feet from such doses As was to be expected the adienals ot these animals showed 
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no maiked deviation fiom the noimal in epuiephiine content For example, in 
the fiist gioup of "4 01 5 horn ” physostigmme dogs one of the gioiip to which 
was given 0 78 mg pei kg shoved piacticallj no sign of poisoning and its glands 
pelded a nomal amount of epinephiine, , 1 36 mg pei giam This animal 
was excluded fiom the final calculations as such an exceptional leaction would 
complicate the final figuies 

Oui exiieriments vith pin sostigmine veie accordmgh modified fiom time to 
time m so fai as the dosage and time of administiation of the alkaloid weie con 
cerned — these being determined In the se^ellt^ of the toxic snnptoms mam 

Table T 

ExptpnrEXTM Resuits 


Group I Nornnl Control Dogs Averogo of 11 dogs Melded 151 nig epinephrine per 
gram of fresh gland 

Group II “4 5 hour” Phi sostigmine Dogs 

These animals vcre iiiicctcd between S and 0 a it and the 

glands rcmo'icd about 2 p jr on the same dat 


DOSE OP PHVSOSTIOVIXE 

n ririiT or 

fpin'ei nriNE per 

MG PER KG DODX M EIGHT 

ADRENALS 

OR^M op gland 

08 

108 

OCG 

1 5 

127 

0 53 

18 

106 

0 84 Average 0 73 mg 

10 

0 78 

0 21 

2 1 

1 23 

1 40 


Group ni “24 hour’’ PliTsostigmine Dogs 


Glands were remoied the dav follonang the injection of the 



phi sostigmine 



DOSE 

or PHTSOSTIOSIIN E 

WEIGHT or 

EPINEPHEtNE 



ADREXALS 



2 09 

139 

0 43* 


1 78 

111 

0 81 


177 

0 89 

0 73 


2 06 

0 73 

0 27 


2 00 

2 04 

0 15* 


2 00 

0 85 

0 88 Average 0 55 mg 


Group lY “48 hour” Plijsostigmine dogs 


Glands removed 

the second day 

folloinng the injection of 


phj-sostigmuie 



DOSE 

or PHVSOSTIGillNE 

■WEIGHT op 

rPlNFPHRINB 



ADRENALS 



174 

1 34 

0 75 


2 29 

104 

0 44 


1 65 

1 21 

128 


2 00 

1 63 

2 45 


ISO 

142 

141 


4 00 

09 

160 


1 90 

1 02 

1 24 


2 83 

125 

3 20 Average 1 55 mg 


Group “72 

hour ’ ’ Physostigmme dogs 


3 days between 

injection of plijsostigmine and removal of 


glands 



DOSE 

or phtsostiomine 

WEIGHT or 

EPINEPHRINE 



ADRENALS 



1 S2 

13 

0 85 


158 

108 

1 39 


2 19 

1.34 

0 87 


2 00 

1 14 

2 40 


2 08 

2 01 

3 98 Ai erage 1 91 mg 
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fosted bv the animals One do- nas miectcd at 11 i m and the glands lemoied 
at 2 p it , making onh a tliiee-lioiii inteiial and the vield fiom this animal fell 
vn thin normal limits viz, 128 mg pei giam of gland This time then nas ei. 
dentlv insnffieient to piodvicc aiii maiked chan-e in the gland content as the dose 
of phvsostigmine emploied (2 m— pei kg bod\ v eight) isas ample as shown li\ 
nnineions subsequent animals Four moic dogs were iniected with plusostig- 
nune dining the earli moiniiig hours and in the aftemoon Some four to fiie 
hours after the alkaloid had been gireii the glands were i emoted and the epi- 
nephrine estimated as outlined abote These animals toim Group II as giten m 
Table I 

In spite of individual tariations the ateiage figuies giten abote tneld cleai- 
eut results Follotving the subcutaneous admimstiation of an adequate dose of 
pht sostigmine the epinephrine content of the adicnals is reduced m foui oi fite 
hours to about 35 or 40 pei cent of the normal Twentv-four houis later the 
epinephrine is still further reduced In certain of the dogs it was as low as 
from one-fifth to one-tenth of the normal (0 15 mg , 0 27 mg , etc 1 The svmp- 
toms shown bv the dogs with model atelv low content weie quite striking reii 
marked weakness and depiession If the epinephrine content is still lower the 
depression and wealoiess is much moie marked, and death upon the table usuallv 
follows as is indicated bv an asteiisk in the twenti -four-hour gioup table 

The fortv-eight-houi group of dogs shows that the glands haie largelv le- 
plenished themselves during the second twenti-foui-hour period inasmuch as the 
average content is praeticallv at the normal le\el The seventv-tw o-hour group 
shows a considerablv higher aieiage figure but this is due to the presence in this 
group of one dog with an abnonnalh high content, viz , 3 98 mg If this animal 
be eliminated from consideration the remaining four giie an aierage within nor- 
mal limits (1 39 mg ) 

The studv of the effect of phi sostigmine upon the adrenals was extended bv 
administering the alkaloid twice dailv over a series of dai s This method was 
found to produce a rerv maiked depletion of the medulla of the glandc and as- 
sociated with this poiertv of epinephrine were the chaiactenstic weakness and 
apathi of the animals Two of the three dogs died on the table and an examina- 
tion of the adienals showed extreme epinephrine depletion One dog weighing 
8 G kg recened an aieiage of 7 5 mg phisostigraine daih, a total of 45 m- be- 
ing guen The dog died and the adrenals assaved 0 27 mg epinephrine per gram 

of gland A second dog weighing 6 8 kg received an aseiage of 8 mg dailv a 

total of 98 mg being giien The animal showed extieme weakness and died on 
the table its adrenals vielding 0 45 mg epinephrine per gram of gland Such 
low figuies seem to be incompatible with bodili vigor and death usuallv follows 
when aui extra strain is put upon the animal, ecen a small dose of urethane 
being sufficient in sei eral of oui dogs to cause a sudden fatal termination It 
would seem then to be eleailv established that m cases where there has been 
marked depletion of the adrenal medulla the glands can recover more or less 
complcteh in twcntv-foui houi-s It will be remembered that Crowden in his 
recent paper said that eighteen hours is not sufficient but that three davs is 
ample Fioni oiii results it would seem that one daa maa suffice m some cases 



40i 


THE JOURNAL OF EjVBOK^-TORY \ND CLTMCAIj ■MEDIC]^E 


In addition to the use of pin sostiginine as a means of causing an inciease in 
the epinephiine content of the blood it has been sliomi In Stew ait and Eogoff' 
that stiyehnine also has a similai action even when gnen in doses which aie so 
small that an inciease in motoi leflexes is not appaieiit The action of this alka 
loid in iiiei easing the epinephiine output aecoiding to these w'oikeis is entirely 
upon the eential neiioiis si stem as it is absent when the nenes to the gland are 
eut A fuithei inteiestiiig point coiieeincd the late of leplaeement of the cpi 
nephiine which had been pouied out It ivas found that if the nenes to one 
gland iveie seieied and stivchnine injected, the epinephiine content of both 
glands was essentialh the same in all eases The evplanation giien was that the 
epinephrine which had been pouied out fiom the intact gland had been leplaced 
as quieklv as it had been excieted so that no depletion was showm A similai 
condition had pieiionslv been desciibcd hi Elliott in 1912 Seieial othei 
woikeis base studied the action of stiyehnine upon the adienals and all, with 
one exception, haie desciibed an inciease in the output of epinephiine and m 
geneial the action has been ascribed to an effect upon the eential neiious si stem 
Some of these lesults liaie been discussed in the papei bi Haimon and JlcPalP 
ivhose ivoik foims the exceptional finding icfeiied to above These m- 
lestigatois, emploiing the deneiiated heait of cats as a means of estiniatins- 
epinephrine output, conclude that theie is no eiideuce that stuclinine has am 
action upon the aetiiiti of these glands These findings aie not easy to exTila”^ 
as they aie at vaiiance wnth the lesults lepoited bi so mam othei woikeis The 
explanation offeied bi Haimon and SlePall is that undei the influence of stneli 
nine the animal mai stiuggle due to inei eased leflex actiiity and under such 
conditions an increase in epinephiine mai occui but the inciease is due to stiiig- 
gling and not diiectly to the stiiclmmc This explanation may possibly hold 
tiue foi ceitam animals in which stnchiiiiie comulsions or struggling lime been 
encounteied but would haidlv explain the appaient inciease m othei dogs and 
cats which maj’’ show inci eased leflex actmti but no comulsne moiements 
Such animals aie lepoited bj’ Edmunds*'’ and also bi the same wuitei in col 
laboiation wutli Llojd** For example, in the lattei paper it was showm that 
epinephiine in small doses piodnces chaiacteristic changes in the total white 
blood cell count and in the lelatne proportions of the different laiieties of the 
white cells The same cnive of changes follows the injection of small doses ot 
strychnine in animals which aie deeph anesthetized but if the adienals aie re 
moved before the stiyehnine is adniinisteied the curve is entiieh differ eiit This 
holds tiue, as reported in the paper, in animals showing no eonndsne movements 
whatsoeiei, the effect on the blood being due to the epinephiine excieted undei 
the stimulant action of the stiyehnine 

If this IS collect and epinephiine is excieted m laigei amounts undei the 
influence of stijchnme, it must also be formed moie quickly by the gland, inas- 
much as sexeral workers lime lepoited no diminution in the epinephiine content 
of glands lemoied after stiielinine administration These findings aie hardb 
to be doubted except that in each base the estimations hare been made bv the 
colorimetric method which in our hands at least is not so reliable as the biologic 
method of assai It theiefoie seemed desirable to leexamine the question in view 
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of the findings nith pin sostigmine, and of its hearing upon the general suliBcet 
of the replacement of this activ e principle in the gland 

Onr experiments ■which iveie earned out along the same lines as those ulien 
phrsostigmine effects weic studied confirm the lepoited findings that no lessen- 
mg of epinephrine content is piesent even nhen sufficient strj'chnine is gnen to 
produce musculai tvatching The lesults obtained on one dog mav he cited 
Dog weight, 11 kg Sti-vehmnc sulphate imcctcd subcutaneously as follows 
9 30 A M 1 mg , 11 15 V M , 0 5 mg , 12 noon 0 5 mg , 1 p m , 0 5 mg At 1 30 
dog showed musculai t'witching and some spasticitv of legs 1 45 pm dog 
anesthetized, adrenals removed Epinephrine content assaved hv biologic means 
and found to be 1 59 mg per gram of gland Thus the amount was normal in 
this animal which showed definite stiwehnine symptoms 

5Ve tried to produce adrenal exliaustion mth strvehmne as we had with 
physostigmine bv gnnng the stiyehnine ov er a numbei of dav s but with no posi- 
tive results as the following figures show Dogs gi\ en 0 5 mg strychnine sul- 
phate subcutaneously twice daily foi three davs and showing slightly increased 
reflexes had glands which m one case yielded 1 38 mg epinephrine per gram of 
gland and m the othei ease 2 14 mg per giam of gland There was evndently no 
exhaustion of the glands and whatever epinephime had been excreted under 
strv chnine stimulation must hav e been replaced as quicklv as it had been poured 
out This finding is by no means surpiismg as it has been lepeatedly shown as 
mentioned above that following numeious stimulations of the splanchnic nerve 
no lessening in epinephrine content of the glands occurs There must be a fun- 
damental difference, however, between phvsostigmine and strvchnme in so far as 
this action is concerned as both increase the outpouring of epinephrine into the 
blood and both produce this efi:ect by a central action, but while the ffland is 
depleted bv the phv sostigmine no such result follows the use of strychnine or 
indeed direct stimulation of the splanchnic nerves 

In connection with the synthesis of epmephrme bv the animal body there 
has alwav s been a question as to what is the precursor of the active principle 
The two substances which seemed to be the most likelr are tvrosine and dihy- 
droxvphenvlalanine These two chemical bodies are quite closely lelated to epi- 
nephime as can be seen bv the following fonnulae 
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The theory that epinephrine is formed from tvrosine is emphasized bv 
naUe'= who points out that the foui changes in the tyrosine molecule which 
would be uccessavv are all perfectly compatible with bodv metabolism He* 
further substantiates his views In adding a gram of tyrosine to minced adrenal- 
mid incubating the mixture for 7 davs He finds from 14 to 33 per cent more 
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epineplii me m such a iru\tuie than in one to ■which no t3iosine lias been added 
On the othei hand Bloch’’ heliCACS that diovjphemlalanmc is a piccursoi of 
epinephiine and that in Addison’s disease the adienals aic unable to utilize the 
eompound and it theicfoie is lesponsible foi tlie pigment ioimation charaeteiistic 
of this disease 

In an cifoit to shed some light upon this question we studied the effect of 
administeiing these tw'o comiiounds to dogs in wdneh tlie adienals had been sub 
lected to depletion In plnsostigmine, as dcseiibed aboie The foim of noimal 
lecoveii cuive haiiug been well established, anj' fnioiable influence wdneh miglb 
be exerted by eithei of the compounds would show" itself piobabh In a nioie 
complete oi moie lapid lecoieij than is gained without then use The cxpeii 
ments weie eaiiied out as follow's The dogs weie mieetcd with the necessaiy 
dose of phj sostigmine as in the eailiei senes, and at the end of tw'entr-foui hoiin 
when the epinephiine content would be at its lowest le\ol eithei t\ losine or diln- 
dioxsphen-vlalanine was administered In some animals twentv-lom houis weic 
allowed follownng the injection of the suspected pieenisoi befoie the glands weie 
examined, ivhile m otliei dogs a second injection was giicn the next daj, so that 
foitv eight houis w"eie allowed for leeoien The Inosine solution oi suspension 
caused eoiisideiable iiiitation when it was giien subcutanconsh so we changed 
the pioceduie and gaie it mtiapeiitoncalh One-giam doses weie stiiied foi 
some time in w'atci kept just aboie body tempeiatuie, some NaOII haMng been 
added to the mixtuie The dihjdioxiphenilalannic wns prepaied in the same 
way m doses of 200 mg The lesults of the combined phj sostigmine and tyiosine 
expel iments aie as follow's It is unnecessaij' to give all tlie detailed figuies of 
the thuteen dogs injected wnth the tjiosine so w'e wnll gne nieielj" the final assay 
figures of these animals and the ai eiage content in milligiams per giam of gland 
1 dl, 1 10, 0 91, 0 83, 0 77, 1 13, 0 51, 0 77, 1 50, 0 6G, 2 07, 1 30, 2 25 , an aierage 
of 1 16 mg as compared wnth an acerage of 3 55 mg foi the dogs wdiich had had 
no tsiosme The senes of dogs (12) lecening timosnie on two dajs jnelded 
lesults as follows 1 31, 1 16, 0 84, 0 89, 0 60, 3 81, 0 70, 0 55, 0 62, 0 94, 2 10 mg , 
an average of 1 04 mg as compaied wnth 1 91 mg foi the dogs wuthout tyrosine 
It IS veiy deal that undei the conditions of the expeiimcnts tjuosine exeited 
no fa^orable influence upon epinephiine leplacement which would be ex- 
pected if it weie a piecuisoi of the alkaloid A similai conclusion was 
leached by what wu may teim clinical obseiiation The dogs gnen tjnosme 
were certainly not impioved bj" the diug and in many instances then geneial 
condition was woise A similai study was made wuth dihydroxyphenj lalanme 
with lesuIts W"hich wuie essentiallj the same The glands of thiee dogs leceiving 
the injections yielded twenty-foui houis latei epinephiine as foilow's 1 50, 2 05, 
1 68 mg , an average of 1 74 mg as compaied with the eontiol of 3 55 mg It is 
time this figuic is highei, but it can liaidlj be said to be outside the noinial 
limits An animal gii en the compovncl on two daj s j lelded 1 34 mg of epnieph- 
iine as compared with the eontiol figuie of 1 91 mg Dihydioxj^phenjdalanine 
theiefore does not seem to be beneficial although iiewmd fiom othei standpoints 
the negative evidence is not quite so condusne as it is with tjiosiiie For in 
stance we treated dogs with dailj injections oi dihidio'viphenjlalanine for about 
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two weeks with the followms lesiilts One dog w eighing T T kg reecu ed 2 / G in 
diYided doses between June i and IS and its glands assa%od 1 9S mg pei gtamoE 
gland A second dosr wcighins 10 2 kg leccned 1 1 O between June 20 and Inh 
21 and Its glands melded 1 31 mg, an aieiagc foi the two of 1 64 mg which is 
aboie the normal aieiage 

Pmalh as we pointed out eailiei theie aie in all the senes of doas certain 
of the animals which meld e\eeptionalh liiah figuies, up to thiee oi foui times 
the a^elaae laliie, and such figures with oulv a few animals in the senes pio- 
foimdlT modifv the eouise of the cui\e We ha\e aecoidmgh in draimncr a 
giaph omitted these exceptional animals fiom eon^-ideiation fulh lealmiig that 
from the statistical point of mew such an arbitiaiw limitation would not be per- 
missible Tbe 3 ustification foi sucb action is seen ot eoni’se, when a fiiiure of 



Pie 1 — Cur\e ot epinephnno contept of adrenals ot dogs at time periods marked on 
cunes Solid line shows epinephrine when ph\ sostigmine is used alone Interrupted line (Trr) 
When tjrosine xs also giten as described m the paper and dotted line ( Xlm) when dihy- 
aroxj-phenrlalamne is gnen with the phrsostigmine 

3 98 mg IS found in a senes the other members ot which aierage about 1 mg 
Again a dog witli 320 mg epinephime is found m a group averaging about 1 4 
mg Drawing such a cniwe tFig 1) we find that tbe dihydrowpbenvlalanme 
figures aie distineth aboce the noimal controls in eceiw instance and the findinss 
agree faiih well with the dih\ droxc-phem lalanine figures for eontmuons admin- 
istiation In each instance the secentv-two-hour lalue is less than the forfv- 
cight-honr figure Win this should be we cannot suggest but the parallel find- 
11125 , 111 the Cline would seem to ofter some lustifiration lor the libertr we have 
taken m dioppmg the exceptional figuies ivhen the eune is constructed At the 
same time these are to be found in the tables gn en 
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The iiitramusculai iniectioii of plij'scstigmiiie m dogs is followed by a 
diminution in epinepliiine content of the adrenal glands at the end of fi\e hours 
to about one thud of the iioiinal, and at the end of thirty horns the depletion is 
even greater Such animals exhibit niaiked symptoms of ■weakness and apathy 
The glands giadualli replace the aetne pimciplc, so that at the end of anothei 
tweiity-foui hours the amount in the glands approaches the normal 

If physostigniine administration is continued orer a peiiod of two oi more 
dais, the glands are depleted to such an extent that they contain onh about an 
eighth of the normal amount Such animals are rerv weak and they mar die 
Studies were also made upon animals -with such depleted adrenals to see whether 
evidence could be secured upon the existence of a possible preciiisoi substance 
for the epinephrine For this purpose triosine and also dihr dr oxr phenylalanine 
were administered, and the adrenals were then examined at ■raiying intenals to 
see whether the course of the curve as described above was changed Tnosine 
apparently had no effect, but the diln dr oxr phenylalanine seemed to exert a 
fa'rorable influence, but a positne statement could not be made on accoriirt of 
the rvide rariations between different animals 
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POLIOilYELITIS* 


By Robert W ]Me.vls Isl D Albert G Bo^\ER 'SI D , Los Angeles, Calif 


W ITH pobomvelitis again making its appearance in Southern California a 
reneiv of the 1930 epidemic in this locality is apropos at tins time Par- 
ticularly IS this true in new of the difference in clinical findings and treatment 
of our cases from those reported elsenlieie The following remarks are based on 
observations from 350 eases 

The known etiologie facts concerning polio hai e been renewed extensively in 
the literature the past year and oiilv such points as are pertinent to this discus- 
sion inll be mentioned The spiead by direct contact or “healthy earners ’ was 
exemplified One of the Los Angeles City Health Department inspectors who 
speaks Mexican fluently, made a trip tlirougli Sonora and Baia California, lUst 
preceding the outbreak of the epidemic in this state He found large numbers of 
funerals being conducted in eierv Mexican toivn and hamlet and was assured 
that children were dying from the disease “which leaies them paralyzed if they 
get well ’ Soon after this the disease manifested itself in Imperial, San Diego 
andRnerside counties from u hence it uas traced directly mtlim a few days in- 
to Los Angeles County It is also interesting to note that from here it spread di- 
rectly north into California as well as to the states east of us along the mainly 
trai eled United States highways 

A normally high immunity is accepted ' and whether natural or acquired by 
previous, mild, unrecognized infection, the use m a few instances of pooled 
nonspecific adult sera gave results comparable to those obtained with convalescent 
serum A shortage of the latter made this procedure necessary early in the 
epidemic 

The im asion symptoms most frequently encountered were those common to 
most toxemias, particularly those of an acute infectious nature Frontal head- 
aches, pain and stiffness of the neck and back, constipation with nausea or vomit- 
ing, and some degree of fever were the most constant Little children, among 
nhom headache of anc ti-pe is a rare complaint, and who usually pay httle atten- 
tion to their boM els frequently of their own accord mentioned both the headache 
and the constipation Rarelv there uas an early diarrhea The older patients 
frequently suffered almost unbearable pain in the frontal region “unhke any- 
thing preiioush experienced ” Often the degree of prostration uas so extreme 
that it uas difficult to obtain a history The extremely toxic or the bulbar types 
were lethargic and stuporous, sometimes irrational and usually irritable and 
h\-peresthetic uhen aroused A feu were unduly alert Cerebral manifestations 
such as diplopia blurring xision dcsarthria certigo and incoordination of 
muscles Mere common These early cerebral symptoms frequently presaged a 
high imohcment of the nerxous sc stem uhile those with loner extremity pains 
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fiequently teimniatecl yitli lowci coid lesions An e\tieme seusitneness to 
slight stimuli nas lei^ noticeable Deep niiiscle pains especialh in adults uas 
often unduh acute Sometimes tliese pains made then appeal ance long after 
tlie fe^el and othei s^stemlc s^^nptoms liad subsided (postenoi polioim elitis) 
Uiinaiy retention uas occasionallj picsent early but laielA persisted as the 
pathology of poliomi elitis does not nnohe the snnpatlietic si stem Mam cases 
stalled lerj insidiouslj uith mild sjmptoms and a feu slioued focal symptoms 
almost as soon as am illness u as recognized 

Examination uas often entirely negative at this stage, although stiffness of 
the neck uitli acute pain along the spine uhen anteflexed uas a common earh 
finding Whethei this be due to sti etching of the spinal muscles or to tension on 
the duia of the coid, it is a suggests e sign of eaih eeiitial neiious system m 
vasion and fiequently piecedes the positixc spinal fluid findings Hyiieiactmtr 
of both deep and supei*ficial skeletal leflexes uas an eaily neurologic finding, 
although the lattei iveie frequently absent uhen the patient uas first seen Oc- 
casionalh mstagmus oi othei eMdenecs of cianial nei\e iriitation iveie noted in 
the SI stemic stage 

The axeiage case in this senes fiist presented itself at the hospital on the 
fouith day of illness and at that time eieiy case shou'ed some degree of feier 
The maximum uas 105° F uith an meiage of 102 Frontal headache ivas com 
plained of in 70 per cent of cases altliougli mam small childien and unintel 
ligible foreigners gaie no subjectne histoij Neck iigidity iras piesent in 95 
per cent of eases although pain in the neck and lumbar legion uas mentioned hi 
only 32 pei cent of patients Pain on anteflexion of the spine howeier, uas an 
almost constant finding, and uas almost imaiiably accompanied by Bindzmski’s 
sign On admission, 18 3 per cent piesented localized pain in one oi moie ex- 
tiemities The seieiitj of the headache piobably distiacted attention in mam 
cases from the milder pains elseuheie Gastiointestinal simptoms uere as fol- 
loivs constipation 92 per cent diaiihea 2 pei cent, nausea 60 per cent lomitmg 
40 pel cent, pain in abdomen 3 pei cent, difficulty in smallou ing 0 86 per cent 
Uiinary findings included incontinence in 8 cases and letention ni only one Onl\ 
three eases of the 350 shou ed com ulsions oi gm e history of same Fiftj' and tuo 
tenths per cent shou ed some localized paresis and 11 7 pei cent shou ed definite 
paialysis on admission 

Following the invasion stage the usual sequence of symptoms followed The 
actual number of the abortive tjqie u as difficult to estimate because of the uncer- 
tainty of the diagnosis in cases not developing eenti al nervous sj stem s 3 'mptoms 
Sixtj' per cent made complete lecoienes before leanng the hospital and this 
obviouslj^ included some of the 50 pei cent uho shoued localized pareses on ad- 
mission A rather unusual obseiiation among the diomedari’" tj^pes uas the 
occasional oecuri ence of pains and paresis as long as thi ee weeks after the initial 
piepaialytic onset and aftei an inteiial of two weeks of fieedom fiom all symp 
toms Some of these patients had been sent home with diagnosis othei than poho 
myelitis In those cases uhich made a giadual transition fiom the systenuc stage 
to that of the central neivoiis sjstem inx'asion, the first simiptoms ueie usiialh 
pain and weakness of the atfected pait Asjunmetrj' of the reflexes was the first 
objective endenee, and fieqiieiith the onlj^ deciding factor on uhich to base a 
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diagnosis Peculiarly, llo^^e^er the ahdoimnal. spinal, oi gluteal muscles fre- 
qnentlr showed the eailiest leflev changes but larch am residual parahses As 
IS usual in polionivelitis none o£ oui patients shou cd residual bladdei or bou cl 
paralvses 

Of the various laboratory procedures only the spinal fluid findings v ere of 
diagnostic significance The usual changes were a slight increase in pressure of 
from 2 to 10 nun of meicun , sbght increase in globulin, increased cell count 
(mostlv lymphocytes) , and a characteristic colloidal-bcnyoin precipitation test 
Occasionallc the spinal fluid was entiich unchanged, especially in the mild in- 
fections and a diagnosis then had to be made on clinical findings alone Also in 
the early systemic or preparalytic phase of the disease the spinal fluid findings 
were fiequently negative and misleading and we learned in questionable cases to 
defer puncture (but not treatment) until some clinieal endence of neurologic in- 
volvement, principally changing or asymmetrical refleves or painful anteflexion 
of the spine, was present Quite early in the epidemic a few cases diagnosed 
“upper respiratory infection,” etc , on the strength of negatn e spinal fluid find- 
ings later developed muscular paresis Thereafter these doubtful cases were 
gn en intravenous or intramuscular serum and the diagnosis later confirmed bv 
subsequent puncture or positive clinical findings This procedure raised the 
question whether or not convalescent senm, if given to normal indinduals might 
not itself he responsible for spinal fliud changes, but a few patients thus treated 
who made uueientful recoveries (probably not poliomyelitis) were later 
tapped and their spmal fluids found to be entirely negative, tlius nulbfying this 
contention In our senes 70 per cent of spinal fluids were under mcreased pres- 
sure, and cell counts ranged from 0 to 1083 per c mm , with an average of 87 
cells per patient Differential counts showed lymphocytes predominant in 95 
per cent of eases, polymorphonuclears in 3 per cent and an equal distnbntion of 
botli types in the remaimng 2 per cent In 79 per cent of cases, the eoUoidal- 
benzoin test was typical, i e negative precipitation m the first five tubes, max- 
imum precipitation in the second five, and decreased or absence in the last five 
It was totally negatn e in 8 6 per cent, showed the tubercnlons meningitis type 
of curve in 8 6 per cent of eases, was “atypical” m 0 8 per cent and questionable 
or not reported in 3 per cent In 12 86 pei cent of cases the spinal fluids xceie 
negative cijtologicalhj hut the patients showed chai act eristic neinologie find- 
ings, while 22 per cent of cases were negative ncurologically (abortive type) but 
showed conclusively positive spinal fluids Blood counts m onr senes ranged 
from 6,000 to 18,000 with an average of 13,000 and 79 pet cent polynnclears, 
obviously not alone cliaraetenstic of poliomv elitis In onlv a few cases where 
diagnoses were doubtful were blood cultures or blood chemistry determinations 
done, and these were all negative or of no positive diagnostic value in favor of 
pohomv elitis 

The diagnosis of the disease in its early stages is difficult and often impos- 
sible ^Vn obvious toxemia, particularly if there is undue prostration and the 
oarduial svmptonis of frontal headache, fever, stiffness, and pains in ’the back 
and in the neck aggravated hv anteflexion and some degree of gastromtestmal 
upset accompanied bv constipation is almost diagnostic of the preparalvtic 
phase, particularly in the presence of an epidemic If to the above is added en 
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dence of central nei\ous system involvement, especiallj asjTnmetrieal oi cliang 
mg reflexes, unilateral vealcness, pains, or paresthesiae, the suspicion is strength 
ened If the spinal fluid then shons an increased piessiire, globulin, oi increased 
cell count nith a preponderance of Ijmiphoeytes, the diagnosis is almost certain 
Polioniyebtis, if seen in tlie prepaialidic stage, must be differentiated from all 
acute infectious diseases, paitieulaih acute uppei lespnaton oi gastiomtes 
twal toxemias Of the former, the epidemic (stieptoeoecus) soie throats ivere 
the most common in our senes, although seieral eases of ordinary corjza and 
smusitis, and a few cases of influenza (questionably aboitive poliomyelitis), otitis 
media, bronchitis, and pneumonia seen Tvo cases of pvehtis, in which the 
local symptoms wei e ovei shadow ed by the S3 steniie, w'ere admitted to the hospital 
as suspects, also se^elal cases of h3steiia Encephalitis, although rare, was seen 
in a few instances at this time, although lieie again the question of etiolog} 
(bulbar involvement) was present Meningitis, particularh the tuberculous 
t3'pe, was fiequenth seen and, iaiel3 confused foi a shoit time with the bulbar 
t3q)e of the disease A purel} eliiueal differentiation between tubeiculous menin 
gitis, encephalitis and bulbai poliomi elitis is frequently most difficult if not im- 
possible, and in these diseases the eolloidal-benzoin test has been of gieat help 
Osteomimlitis was seen foi diffeientiation in seieial instances, and also an occa- 
sional case of multiple neiuitis (especialli alcoholic), acute iheumatic fe\er, cen 
tral nervous S3’stem S3’philis, biam abscess, and ceiebial accident One case each 
of meningococcus septicemia, acute endocaiditis with embolic phenomena and 
acute reticuloendotheliosis weie seen dining this epidemic In infants, birth 
injiuies, scurvi’-, rickets, and congenital musculai weakness weie all forwarded 
to the service for differentiation fioni poliom} ehtis One case of poliomyelitis 
wms complicated by the piesence of seniip’- The diagnosis in some few cases was, 
and always wall remain a mysteij', but in a majonti of instances the ultimate 
findings w'cre coiielusiim In time of epidemic, a communicable disease hospital 
dlw’a3’^s leceives a large numbei of cases foi differentiation from those of the pre 
vailing illness 

Theie were many toxemias Some of these patients recovered spontaneously 
and otheis latei showed localizing sinnptoms Of the spontaneous recoveries only 
those showing esdologie changes in the spinal fluid weie considered as abortive 
poliomyelitis Those with paiesis weie obnoiisly all poliom3 elitis, but, as aboie 
stated, arid control y to cm 1 ent medical opnnon, 12 86 pei cent showed no cyto 
logic changes in the spinal fluid Of those patients with obvious souices of their 
toxemia (particularly the septic soie thioats), and who developed no neuiologic 
findings, onl3^ those weie considered as positive whose spinal fluids showed cellu- 
lai changes All of these fluids also showed t3pical eolloidal-benzoin curves 
This test we believe to be of gieatest lelatne vmlue Toxemias aie common in 
many diseases and the “meningismus” often seen is as much a pait of the sys- 
temic manifestations of the disease as the headaches 01 the skeletal pains That 
changes should occur in the spinal fluid in such cases is not inconceii able, and m 
a few instances we did spinal punctures on patients with vaiious other acute in- 
fections for the purpose of evaluating the coUoidal-benzoin test All showed 
some degree of precipitation but no eellulai changes, and these weie classified as 
extreme toxemias involving the central nenous S3’'stem and not as aboitive polio- 
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myelitis Irrespectne of etiologv poliomi clitis is an anatomic and patliologie 
entity, and localizing smiptoms foinierh discussed iilien cloarciit, iiistifi us in 
so diagnosing the case 

The hospital treatment of pollonl^ clitis during this epidemic ivas largcli 
■with pooled com alescent human immune serum plus the usual rest immobiliza- 
tion of affected extremities dietetic and eliminative measures Oecasionalli 
methenamine nas rather empirically used because of its supposed diffusion into 
the spinal canal, and calcium for its muscle tonic effect was likewise given ■with 
about the same degree of expectancy Hcpertonic saline lntra^enously ivas used 
in a few cases when serum was not acailable Precious experience cvith 
Eosenau’s serum has caused us to abandon its use and the one patient in this 
senes ■who recened it before admission to the hospital dec eloped the all too com- 
mon allergic reaction, a terrific urticaria The amount of convalescent semm 
given averaged 15 ec per patient when gicen intrathecallc and 30 c c when 
gicen intramuscularly or intiavenouslv The choice of method was determined 
bv the stage of the disease the sec eritc of onset the eertamte of diagnosis, and 
evidence of central nercous system involcement It has been definitely estab- 
lished that dves gicen intramuscularly and intrac enously do not appear in the 
spinal fluid for at least tw entv-four hours, and eve feel c ere* strangle that if the 
toxin has reached the central neiwous sc stem as evidenced be neurologic and 
spinal fluid findings that the antidote should be gicen intrathecallv as well as 
intrac enouslv in order to neutralize the to^xin in its most dangerous site enthout 
unnecessary delay Similarly we feel that cvhen the disease is still a toxemia 
■without central nervous sc stem phenomena, that the intravenous or intramuscu- 
lar routes mac- be the most logical Hacnng bad experience cvitb intraeistemal 
therapy in this hospital, where oc er 1 000 punctures liac e been done in the past 
c ear foi the treatment of c ai lous conditions, w e hac e generally preferred this ap- 
proach when gicing seium intrathecallc The criticism of intrathecal medication 
because of irntant preserc atic es in the serum seems illogical in cnew of the 
splendid results obtained with antimeningococcic, antitetanic, and other sera 
gicen this wav all of which contain preserc atives and which also have the added 
disadcantage of being horse sera to which a patient may show an allergy Reac- 
tions to medication cvere shoevn m onlc- fic e of our cases and these were very mdd 
and transient 

IVhile it IS difficult to estimate the value of anv therapeutic measure in this 
disease, w hicli is too serious to permit of untreated controls and which normallc 
includes such a high percentage of spontaneous recoveries, nevertheless our re- 
sults seem to warrant our method of treatment The intraeistemal injection of 
sonini seemed to be the turning point m the febrile stage of the disease m 82 per 
cent of the cases and the subieetice symptoms bkeense seemed to rapidlc- abate 
following its administiation \Ve weie able in one instance, to definitely arrest a 
case of the ascending or Landrc ’s tc-pe cmtli intraeistemal medication, a prece- 
dent in this hospital The number of complete recoveries (60 9 per cent) the 
25 66 per cent of eases with cere mild residual paresis all of whom cnll prob- 
able recocor fnllc , tlic 10 28 per cent of residual paralyses most of whom ar« 
improcnig, and the low death rate of 3 16 per cent point to a mild type of the 
disease earlc recognition, or efficient treatment The death rate for Los Vn-eles 
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County duiing the same epidemie, as given by the Health Depaitment, vas oier 
7 pel cent In as much as this figuie is foi the same comrauniti and the same 
epidemic but includes patients ti eated outside the hospital, v e feel that oui treat- 
ment must have been a faetoi in the lov death late mthin the institution Judg- 
ing fioni data on pievious epidemics in this commimitv, theie is no leasoii to be 
lieie that the disease was mildei in 1930 or in this locality than clsewheie Our 
results, as contrasted nitli methods outlined in Califoinia and Western Medicine 
for Octobei, 1930, have been accomplished vith leiy much smaller doses of 
seium, not that we may not hare desired in mam instances to have gnen more, 
hut because the inadecpiatc supply required conseri’ation , and from the results, 
the dosages used seemed ample We feel that the relatively low morbidity rate 
here was largely due to the cooperatnc eftoits of the city and county health 
authorities and the prnate iihvsiciaiis resulting in eaih recognition of cases and 
then rational treatment 
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CAKBON MONOXIDE ACUTE AND CDRONIC POISONING AND 
EXPERIMENTAL STUDIES® 


By Thomas L Ramsey, il D , \nd H J Eilm yxx, 31 A , Pn D , Toledo, Ohio 

Capbox iloxoxiDE Affixity fob Hemoglobix, Aclte VXD Chroxic Poi^-onixg, 
Bxpebimextvl Stl’die‘= of Efpect of Altoyiobile Exhaust 
G\s OX' 6U1XE.V Pigs 

H E3IOGLOBIN is verv vvidelv distributed tlirougliout the entire animal king- 
dom, being found in the blood eoipuscles of mammalia, birds, reptiles, 
amphibia and fishes , it is also found in the blood corpuscles of many of the 
mv ertebrates The composition of its molecule v aries somewhat in the different 
animals, so that, strictly speaking there aie piobably a number of difteient kinds 
of hemoglobin, all howevei, closely related m chemical and phvsiologic 
properties 

Hemoglobin has the propeity of uniting with oxygen in certain definite 
proportions, forming a true chemical compound, known as oxv hemoglobin Each 
molecule of hemoglobin unites with a molecule of oxygen Oxv hemoglobin is not 
a yery firm compound If placed in an atmosphere containing no oxygen it is 
dissociated, gmng off free oxv gen and leav mg hehmd hemoglobin or so-called re- 
duced hemoglobin This power of combimng with oxygen to fom a loose chem- 
ical compound, which in turn can be dissociated easily when the oxygen pressure 
IS lowered, makes possible the function of hemoglobin in the blood as the earner 
of oxygen from the lungs to the tissues 

There are a number of pigmentary bodies which aie formed directly from 
hemoglobin bv decomposition or chemical reactions of v arious kmds The best 
known and most important are methemoglobin, nitiic oxide hemoglobin and 
Carbon Monoxide hemoglobin 


VIETHEMOGI OBIX 

This pigment is closely i elated to oxyhemoglobin, since it contains the same 
amount of oxygen and is isomeric with it The oxygen is howeyer, not in loose 
combination and cannot tlierefoie be utilized by the system 

XITRIC oxide hemoglobix 

Nitric oxide forms a firm compound with hemoglobin rapidly oxidizing it to 
methemoglobin 

CVRBOX MOXOXIDE HEMOGLOBIX 

This pigment is a molecular combination of one molecule of carbon monoxide 
with one molecule of hemoglobin It forms a stronger combination than oxygen 
and hemoglobin, carbon monoxide having an affinity for hemoglobin approxi- 
matelv three hundred times that of oxv gen Since carbon monoxide readily 

•From St Vincents Hospltnl Liboratories Toledo OMo 
Rtceltcd for publication September le lesi 
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combines -mth both oaa hemoglobin as well as with i educed hemoglobin, the tis 
sues suffei for want of OMgen Caibon monoxide hemoglobin imparts to the 
blood a bright, cheiii led color both in the %enous and aiteiial cii dilations and 
can be readily iccognized by a nnmbei of standaid tests 

CARBON MONOXIDE 

Caibon monoxide is a coloiless, tasteless, inodoious gas Its most common 
sources aie coal stores, giates, salamandei s, domestic and indnstiial furnaces, 
gas engines, coal, natuial, and aitificial gases It is foimed wheneier incomplete 
combustion of caibon oecuis oi, as a mattei of fact, anrwheie where combustion 
of the carbon takes place slowly with an insufficient quantity of oxygen The 
til St stage of combustion produces the poisonous gas CO A second stage then 
pioduces compaiatneh haimless gas, COj In the fiist stage eaeh caibon atom 
unites with one atom of oxj gen, in the second stage with two atoms of oxjgen 



Fig 1 — Guinea pig lung (xl75) Shows the hjperenila and the localized _ 

consolidation These changes are not unlike those found in an> section of guinea plff lunt, 
and are not specific for carbon monoxide poisoning 

In a coal liie the pioeess niaj^ he diffeient, the combustion taking place m 
the lower layers of led hot coals mar he complete hut the CO 2 passing nprvard 
thiough the less heated lajeis may give up some of its oxj’’gen 01 take up moie 
caibon, forming carbon monoxide 

In burning buildings caibon monoxide mar he produced in large amounts 
and IS the chief constituent of the smoke wdiich or ei comes the fiiemen In fires 
and explosions in mines it is the caibon monoxide that often causes moie deaths 
than the explosion 01 fire itself 

Tobacco smoke from cigaiettes contains considerable carbon monoxide 
McNallj’^^ found that the caibon monoxide from inhaled smoke was from 0 014 to 
0 26 per cent of tlie tobacco and paper consumed, fiom cigais it was from 0 027 
to 015 per cent and fiom pipe tobacco 0 027 per cent This ayeiages about 
80 e c of caibon monoxide to eaeh giam of tobacco burned 

The proportion of carbon monoxide diffeis gieatlj' in domestic and industrial 
gases The commeieial gas serred to the consumei, rvhich is a mixture of gases 
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from Boocl coal and naphtha contains about 11 25 per cent of carbon monoxide^ 
An atmospheie containing 0 2 per cent is capable of destioving life Haldane - 

AUTOItOBII F EXHAUST G \S 

The internal combustion engine uhcrc a miNtme of an and gasoline \apor 
lb caused to bum pioduces carbon monoxide in the exhaust larying anjTvheic 
from 3 to 10 per cent The richer the mixtuie the moie of the CO gas produced 
As a rough figure it has been estimated that one cubic foot of CO gas is pioduced 
per minute for each 20 horsepower of the motor From this one can estimate 
how quieklv a small gaiage can be polluted to a concentration sufficient to over- 
come a person in the enclosure and to produce death in a short time 

Anah sis of street air has showm carbon monoxide in x am mg amounts but 
never m sufficient amount to be distinctU poisonous The gas escaping from the 
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Fig 2 — Guinea pig kidneN (xlOO) Acute CO death shows acti\e h\peremia and a 
small hemorrhagic area 


automobile exhaust is rapidh diluted bv the surrounding an so that one stand 
mg behind a car not in motion but with the engine running, would be in an 
atmosphere of about 4 parts to 10,000 Carbon monoxide concentration in the 
air must exceed 15 parts pei 10,000 to produce possible serious results 

The atmospheric concentration times the time of exposure determines the 
amount of absorption Police officei-s on traffic dutv in the large cities have 
shown as high a concentration as 30 per cent saturation of the hemoglobin with 
carbon monoxide The New 5'oik Dnision of Industrial Hvmene in 1923 in a 
suiici of 157 gaiages, lepair shops and seince stations found carbon monoxide 
positue in 69 5 pei cent of the workers and carbon monoxide was present in the 
air in appreciable amounts m 77 5 per cent of the places examined 

Henderson’ in a studv of the exhaust svstem for the New York, Xew Jersev 
lehiculai tunnel made the follomng obscriations 

1 5Vhen the time of exposuie in hours times the concentration of the CO in 
parts per 10,000 equals 3, theie is no appreciable effect 

2 When the lesiilt is G there is just a perceptible effect 
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3 When the lesult is 9 theie Mill he headache and nausea 

4 When the lesuIt is 15 oi inoie the conditions aic dangerous to life 


ACTION 

Caihon monoxide may he freely respiied, causing no nutation of the air 
passages, hut the moment it comes in contact MUtli the blood by diftusioii, it unites 
with the hemoglobin foiming caibon monoxide heinoglobin 

Hill and Baicioft^ have detcimined that CO combines moie readily uith 
unsatmated oxa hemoglobin than with hemoglobin, in other words, hemoglobin 
will take up moie CO at a gnen tension if a little 0 x 3 gen is piesent than if oxr 
gen IS completely absent 

Nicloux- has shown that the icd blood cells even when satiuated ivith caibon 
monoxide aie not deiitalizcd but aie lead^' to icsuine functioning when supplied 



with oxygen Blood containing CO hemoglobin ma 3 '^ be depiived of tlie gas by 
submitting it to diminished pressuie or by passing air 01 0 x 1 gen tluough it for 
a cousideiable length of time 

The development of poisoning fiom caibon monoxide depends entiiel} upon 
the eoneentiation of the CO in the an and the time of exposure The higher the 
conceiitiation of CO 111 the inspiied an, tlie gieatei the satuiation of the blood 
with coriesponding deciease m the time of exposuie Foi instance 0 02 to 0 03 
pel cent CO in the insiiiied an will onl 3 ’- cause a 23 to 30 pei cent satuiation of 
the blood in fii e to six houis wlieieas 0 5 to 1 0 pei cent GO will cause a 73 to 76 
pel cent satuiation of the blood in two to fire minutes 


SXMPTOMS AND EFFECT UPON THE BODY 
The S 5 Tnptoms depend upon ivliethei the poisoning is acute 01 eluonic In 
the acute cases the symptoms depend upon the eoneentiation of the CO m the 
inspired an and progress aeeoiduig to the degree of concentration piesent 

As anoxemia pi ogresses the blood pressure is at fiist increased as a result 
of leflex stimulation of the vasoniotoi center, later the pressure is dcei eased due 
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to a benumbing of tins center and a dilatation of the blood cessels Apoplexj- 
mar occui in the fix-st stage The pulse becomes slonei as the blood pressme 
rises, the lieait beats violently, subseqnenth the pulse becomes frecpient but 
small The breathing is deep and difbeiilt as a result of deficient ox^-genation and 
the diminished production of COq Headache, throbbing of the temples, tinnitus 
faintness dizziness, xeitigo and exen xomiting max occur The face becomes 
flushed more or less eNtensixe patches of bright red color make their appearance 
on the surface of the bodx- The muscular sxstcni is cpiite earlx affected special 
muscle groups mav become paralxzed, there may be tonic or clonic spasms In- 
Tolimtary urination and defecation max occur The bodx' temperature is loxxcred, 
unconsciousness may occur cailx xvhicli is especiallx* true xxhen ethane gas is pres- 
ent xnth the CO Death occurs xvhen the respiratory center is paialyzed This 
usuaUv occurs xvhen the blood becomes saturated to about TO to SO per cent 



Fig 4 — Guinea pig ll\er (xlTo) Photograph tahen using blue filter to bring out 
portal capillaries shows actl-se h^ peremia around central \ein 

If lemoxed in time recovery sometimes takes place rapidly, bnt more usually 
symptoms persist for some time Muscle paralx sis and ex-en degeneration may 
continue Sensations to pam max remain absent for a long time 

Various opinions may be found in the literature as to the action of CO upon 
the nerxous sxstem and other bodx- tissues The inhalation of oxygen xnth 20 
pel cent CO has been reported to hax e caused cramps and total paralvsis xvithin 
the fiist minute of inhalation xvhich could certamlv not have occurred because 
of the anoxemia itself Kohert,® Geppert," and others stronglv inclme to the he 
hef m its action upon the nerxous system, both on the peripheral nerxes and on 
the uanghon cells of the brain, and they extend the poisonous action of the gas to 
the pioduction of a degeneration of the muscles and glands 

Haggard* has demonstiated that CO has no direct toxic action upon the 
nerxous sxstem Haldane'- and his coxvorkeis haxe generallx concluded that CO 
unites onlx xxitli hemoglobin and that it oxxcs its toxicity solelx to the fact that it 
tlins mterfeies xx-itli the oxxgen carrxmg poxver of thes compound It is nos 
sible, hoxxexer that it unites xnth othei ox-rgen receptors as xvell as those of th« 


420 


THE JOURNAL OF LABORATORY AND CLINICAL 3IEDICINE 


hemoglobin and it may thus act dncctlj on cells It is found to be somewhat 
moie tOMC, especialh tow aid the basal ganglia of the biaiii, than equnalent 
asphy-via foi mammals, which would seem to beai out this new 

Othei sequelae that liaie been mentioned aie piimaij^ gangienc, blisters, 
decubitis, peisistent distention of the eapillaiies, pneumonia, and deep seated 
distuibances of degeneiation of all the oigans, especialh of the vasculai w'alls 
and ganglion cells 


CHRONIC CARBON AtONOXIDF POISONING 

Chionic caibon monoxide poisoning occurs as a lesiilt of bieathmg small 
quantities of caibon monovide oiei long peiiods of time Digestne distuibances, 
diminished vigoi, coated tongue, loss ot memoii, moie oi less miisculai weakness 
aie all repozted as oecuiiing Some woikeis liaie repoited anemia, simulating 


•% 



Fie: 5 — Guinea pig brain cortex (xl75) Shows considerable edema pjramidal 
zone normal 


the pernicious type, others including Davis (quoted by Foibes),® Haines’® haie 
leported cases of poll ej’themia, sometimes the count lunning as high as six to 
nine million with a hemoglobin above noimal It is claimed that the increase in 
the red cells is a piotectne effort on the paid of the system 

Gruber” has shown that CO is not a cumulative poison, when inhaled in 
veiy small amoimts it rapidly disappears fioiii the blood Theiefoie the blood 
examination may not be an aid to diagnosis in chionie cases 

TREATMENT 

Much could be said in icgaid to the pieiention of CO poisoning The mci 
denee of this foim of poisoning fai exceeds that of all other forms of poisoning 
combined and j'^et it is surprising how little action has been taken to prevent its 
occurrence By this I mean, legislatn e action 

In some states regulations liave been passed and rigid inspections of the 
sources of origin of the gas aie earned out Education of the public in this 
matter seems to be considerably neglected, and it is only occasionally that it is 
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called to one s attention leading of ceitain deaths liaMiig occmied fioni tins 
somce 

During a tluee-^eal peiiod, 1918, 1919 and 1920, tlieie occuned in New 
York Cit% and Cliieago alone 2916 deaths fiom poisoning such as wood alcohol, 
bichloride of meicuiw, carbolic acid, potassium e\anidc, stmchnine, narcotics 
carbon monoxide, etc Out of these 2916 deaths 2298 iierc caused bj carbon 
monoxide In these same cities theie neic 316i deaths fiom poisoning during 
1928 and 1929, and 2628 weie due to cat bon monoxide poisoning 

Carbon monoxide asphs-xia if untreated, mai continue in foiee for a long 
time eien aftei the patient is lemoied fiom the poisonous atmospheie Early 
inhalation treatment to assist in the elimination ot this gas from the blood is es- 
sential Oxygen 93 pel cent mth eaibon dioxide 7 per cent, seems to be the in- 
halation of choice The carbon dioxide acts as a stimulant to the respiratory 
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6- — Guinea pi& brain floor of \entricle basal ganglion (xl75) Some edema 
ganglion cells normal no hemorrhage 

centeis If respiration has stopped, artificial respiration should be given by the 
prone pressure method and continued until it is seen to he useless oi success is 
attained If the carbon dioxide is not ar ailahle, oxc gen alone or even fresh air 
IS of value The nctim should not be mor ed in sec ere cases except to remove him 
to a fresh air atmosphere YTarmth should be applied and it is important that 
the \ictim be placed upon waim mgs oi gannents and not on the cold fiooi or 
ground 

Hc-poderimc medication is useless YThen the patient can be moved he 
should be taken to his home or to a hospital for observation and care Blood 
transfusion is also lalueless, piobablv due to the fact that CO combined with 
tissue receptors becomes released and entere the infused corpuscles eonvertintr 
the 0 X 1 hemoglobin to carbon monoxide hemoglobin Until the carbon monoxide 
IS largoh ehmimted from the bodi cells, this process would occur 

Until the patient is fuUv lestored to normal he should be kept absolutely 
quiet and not eien allowed to sit up The length of time necessary for ebmma 
tiou of the gas lanes of course, iMth the amount absorbed and the treatment 




422 


THE JOURNAL OE LABORATORA AND CLINICAL JIEDICINE 


Tlieie seems to be quite a vauance of opinion as to the lapidity of its elimi- 
nation, some claim that this change ma-s take place in a couple of hours, otheis 
state in fiom foui to six houis and otheis that the gas is eliminated quite slowl}' 
It IS unquestionablr eliminated moie lapidlj*^ if oxygen oi oxygen and eaibon 
dioxide aie adniinisteied but it is veiy questionable nhethei this gas is ehmi 
nated so lapidh by medium of the an alone Oui expeiiments haie com meed 
us thoioughly that this is the ease 

Out of 43 consecutive cases leceived at the Cook County Hospital at Chi 
cago,^- 34 pei cent weie examined vnthin one half houi aftei the patient was re 
mo\ed fiom the somee of exposuie, CO was found m all In 30 pei eent the 
exact time was not Imovm but was gieatei than one lialf houi, 27 pei cent being 
positixe and 3 pei cent wcie negative In 14 per eCnt of the eases twent\ to 
forty minutes had elapsed and CO was present m 12 pei cent and negative in 2 



Piff 7 — Guinea piff brain, medulla (xlOO) Showing’ ganglion cell areas normal 

per cent Of the 10 pei cent examined aftei three hours all were positne, ni 
another 10 pei cent five hours had elapsed, all were positive, and in 2 per cent 
twelve hours had passed and all gave positive tests The negatn e cases found in 
this series may not have been exposed to quantities of the gas and may have been 
unconscious from other substances such as ethane which occurs in illuminating 
gas 

It has been claimed that CO may be in part changed bj oxidation into COs 
within the body Giuber“ and otheis claim that this oxidation does not take 
place but that the CO is roided, quantitatively, unchanged 'Wliatever piocess 
of elimination oceuis, it is eeitam that it is not rapid The fact that this gas has 
an affinitj for hemoglobin approximately 200 to 300 times that of oxvgen would 
support this claim On account of tlie variance of opinions a senes of expel i 
ments were performed to make a study of this question and to obseiwe the 
pathologic changes that occuired from inhalation up to v^aijung percentages of 
blood saturation A senes of guinea pigs weie used and a special box, air-tight 
■with full glass top and measruing 4 by 3 by 2 feet, -with an inlet for the gas and 
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a conespondmix outlet foi the an, and with a dooi for h.mdlm? the animals, 
was desmned and used obtaining the CO fiom the CNliaust of an automobile bv 
a connection of lubber tubing The CO was found to be 8 pei cent with the 
motoi running easilv This remained quite constant 

T\ble I 
Etpepisients* 


(Guinea Pigs) 
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2 mm 
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•The animals were placed in a special sas chamber connected b> tube to the e'^haust 
of an automobile and were obser\ed through a glass top Special sliding doors were 
arranged so that thej could be remoied at anj time without disturbing the CO 
concentration 

The pigs weie exposed to atmosphere fuUv saturated, 50 per cent and 25 per 
cent saturated Table I is a summarj' of tins senes of experiments 

ESPERIMEXTAL 0BSERV1.T10XS 

From these experiments it was seen that the pigs that died all showed at 
least 70 per cent saturation of CO in the blood In atmospheres not fuUr satu- 
rated where the animal is allowed to breathe the CO somewhat longer, the blood 
concent! ation is high when the animal is removed and hves It is also evident 
that CO does not rapidly disappear from the blood but is slowly eliminated 

Another senes of expenments were performed upon dead animals to de- 
tenmne the abilitv of the hemoglobin to absorb CO after death 

In 4 gmnea pigs killed by etherization, laked blood saturated with CO from 
ilhimmating gas, was injected into the muscles, also beneath the skin and into 
the peritoneal and thoracic canties Twenty-four hours later the animals were 
autopsied and all showed similar appearances to those that had died fiom inhala- 
tion of this gas This same experiment was performed on two pigs killed bv 
etherization and then injected wutb embalming fluid Twent\-four hours later 
laked blood mtb CO was injected and the results were praetieallv the same 

Two guinea pigs killed bv etherization and embalmed for twentv-fonr hours 
were placed m an atmospheie of illuminating gas The'^e pigs had been pre- 
Moush autopsicd and the thoracic and abdominal eanties were open 4fter 
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eight horns the tissues and all the blood shoiied jiiaiked evidence of saturation 
with CO 

Two other pigs weie killed bj etheiiAatioii and embalmed foi twenti-fom 
hours and not autopsied but, inth the skin intact, iveie placed in an atmospheie 
of illuminating gas, contents of the 3ai being changed by allowing the gas to 
enter once an houi foi eight houis The pigs weic then kept in the sealed jai 
oveinight Upon examination of these animals they piesented the typical ap 
peaianees of all the othei animals that had died by inlialation of the gas 

These points aie of consideiable impoitanee from a medicolegal standpoint 
and weie suggested b’\ the expeiiments of Strassmann and Schultz’® who demor- 
stiated that CO ma-s penctiate b\ diffusion all paits of a eada^el with suffi- 
ciently long exposuie to an containing this gas It also bungs out the fact that 
if a body has been buiied in a region where gases containing carbon monoxide 
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Fig' S — Guinea pig brain medulla ganglion cell area (x375) Same as encircled area 
In Fig 9 Normal ganglion cells 


are present in the earth, this gas mav penetiate the body and be present m the 
blood in sufficient quantities to lead to an erroneous conclusion that death had 
been caused by carbon monoxide poisoning It is also eiident that a bod}’’ maj he 
so tampeied nith befoie oi aftei autopsi that an eiioneous conclusion may he 
formed and death attributed to carbon monoxide poisoning 


POSTMORTEM APPEARANCES 

The body mar present little evidence as to the cause of death, but geneiallv 
well marked eheirjr red blotches will be seen on the dependent paits of the tiunlv, 
neck and thighs The eyes arc usually closed, the countenance usually composed 
Upon opening the body one is immediately stiuek by the unusual biight 
cherry red color of the muscles and of the lenous as well as the arterial blood 
The blood is usualli fluid and is present m the aiteiies, yeins and all of tlie tis- 
sues The brightness of the blood may be masked by eaibon dioxide when it has 
also been present in the inspired air W^hen the action of the gas has not been so 
concentrated and the exposure longer, small hemorrhages may be present in some 
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of the tissues togethei vutli pulmoiiaix edema and a biiuht led fioth in the air 
passages The gastiic and intestinal mucosa maA also show small punctate 
hemonhages The kidne\s and Inei show ie\s if any changes Ghcosuiia has 
been piesent in about 20 pei cent oi the cases that base been c\amined 

^Vhen life has been piolouged, the skin mai show blebs, heipes and e\cn 
gangrene Some of the muscles niai show degeneiation If the patient has hied 
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Figs 

normal 


ana 10 — Areas showing ganglion cells from human brain of acute CO death, 


foi 1 number of houi-s onh a careful examination of the blood may reieal the 
presence of the gas It must also be icmemheied that the blood is bnsht red m 
coloi Mhen death is due to ciamde poisoning, but then the color is not so perma- 
nent and clnnues to blue upon exposme to the air Carbon monoxide can b^ 
leadih leeognized ba a niimbei of standard tests, pnncipallv the sodium 
indioxidc the potassium feuoecanide the tannm tests and spectroscopic ex 
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amination Anotlici pomt of mtciest fiom a medicolegal as iiell as diagnostic 
standpoint is the fact tliat foiinaldelnde and embalming fluid do not interfere 
with the dcteimination of CO m the blood, Tollens’^ eicn icconiniends adding 
some foimaldehyde to the blood solutions uhen making spectioseopie 
examinations 

POSTMORTEJI PATHOLOGl -MlCKOSCOPIC 

In 01 del to deteimnie the eftect of carbon monoxide on the bodj tissues, see 
tioiis neie made fiom all the pigs that died dining tlie expeiiment and fioiii 
seieial that Ined foi varying lengths of time folloinng cxposme The parts 
sectioned included ceiebial cortex, basal ganglia, medulla, lungs, heait, liiei, 
spleen, kidnejs, supiaicnal glands and lohmtaij muscle 

The tissues fiom the animals that died dining the expeiiment oi immediatelv 
afteniaids presented the following findings 

Cetehial coifcx in the majority the findings indicated edema, some con 
gestion of the pial lessels and oecabionally minute hcmoiihages 

Basal ganglia model ate edema, no appaicnt congestion of i essels, no hemor- 
ihages weie present 

IMednlla no laiiation fiom the normal iiith the possible exception of some 
edema No hemoiiliages and no degenerated ganglron cells were seen 

Lungs edema, congestion of capillan' lessels, areas of minute henioirhages, 
with some filhng of peribronchial an cells and a moderate amount of exudate 
especiallj m the smaller bronchial tubes 

Ilea) t muscle showed no variation from the normal 

Live), spleen, Kidneys and supiaienal glands all of these tissues appeared 
normal with the exception of occasional minute hemorrhages and congestion of 
eapillan' vessels The most marked changes veie iii the kidneys where minute 
hemorrhages were more fieqireiit in the cortical zone 

Voluntary muscle none of the sections showed am evidence of hemor- 
rhage or muscle cell degeneration, all sections appeared normal 

The tissues from the animals that lived after varying lengths of exposure 
showed no vaiiation from the normal with the exception of the lungs Evidence 
of emphrsema, peribronchial consolidation and bionchial exudation were present 
m all The brain tissues and gangboii cells, heart muscle and loluntaij muscle 
shoved no evidence of degeneration All the organs sectioned showed no changes 
other than those usually found in pigs sectioned after death bj' etherization 
These microscopic findings haidlv substantiate the claims presented in other 
reports 

SUMMARY 

We have presented a study of carbon monoxide from a standpoint of the 
method of its production, its affinitj for hemoglobin, its action upon being re 
spired, the percentages of blood saturation in laiying lengths of time aecoidmg 
to the concentration in the respired air, the sjTnptoms and effect upon the body, 
possible methods of its elimination from the body, the production of chionic 
carbon monoxide poisoning, methods of treatment, the postmortem macroscopic 
appearances of the body following carbon monoxide deaths, some important 
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medicolegal facts, a senes of cxpenments on guinea pigs to asceitam its per- 
sistence ui the hodv following e\posuie and the histopathologi* of aiioiis tissues 
in animals dying, directl'' dm mg exposure, and those killed and autopsied at 
1 annng periods later 

CONCI USlOKS 

■VTe admit that this is but a prebminary step in anv stud\ of this interesting 
subject but it does seem from our findings that CO is not lapidh elimmated fiom 
the body unless other measures than simple lespiiation of air aic used 

It appears that m acute cases death is caused entirely In anoxemia and 
respirator! failure 

The body aftei death is capable, even aftei embalming, of absorbing suffi- 
cient caihon monoxide, when concentrated and mth sufficient time of exposure, 
to pioduce all of the macroscopic appearances and positne chemical findings of 
death due to this gas 

It IS also possible to produce similar findmgs by injectmg the body with 
either laked or whole blood, saturated with CO These possibilities are of gra\ e 
medicolegal importance 
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endogenous ueic acid and hematopoiesis* 


III Uric Acid Outplts \.nd Eeticulocite Counts as Aftected by 6m cine, 
Caffeine, Urf-v, Bilirubin, Atophan, and Xylose 


Bi Joseph Kraitca, Jr Augusta, Ga 

TWrARKED inci eases m uric acid outputs have been demonstiated bj the 
authoi (Kiafka, 1929, 1930), following legeneiation of the zed blood cells 
aftei severe hemoiihage and after hemolvsis The i etieulocz’tes, oi loung red 
cells, piesent in the peripheial circulation have been numeiieally corielated 
Muth the uiic acid outputs These lesults suppoit the hypothesis that relates 
endogenous uiic acid to the nueleopi otein deiived from the destiuction of the 
extruded nuclei of the normoblasts at the maturation of the ervthrocj'tes 

In a seal eh for the factor lesponsiblc foi the maintenance of the balance be 
tween red cell pioduetion and led cell destiuction, a cheek has been made on the 
vazious substances known to ineiease uiic acid elimination, such as glyeme, eaf 
feme, atophan, and seieial simple diuretics, togethei with bilirubin and xylose 
The last two are consideied because of then relation to led cell destiuction in 
the one instance and nuclcai desti uction in the othei 

EXPERIMENTAL 

The majoiitv of the tests yvere earned out on a puie-bied Dalmatian coach 
dog The complete data include dailj’’ obseiy'ations on erjihioeyte counts, retie 
uloejte counts and uric acid outputs for 239 consecutive dajs The more sig 
mficant results y\ere cheeked on a series of rabbits and one test yias earned out 
on a human being All dings yy'cre administered by mouth exeejit in cases 
indicated 

The methods of testing aie essentiall 3 >- those used bj"^ othei iny estigators, that 
IS, by establishing a base ley^el as a contiol before administration of the drug 
The data aie presented m table foim 

Glycine — Since Leyyis, Dunn, and Doisy (1918), Chiistman and Mosier 
(1929), have tested the action of glycine on uiic acid outputs, tivo tests yveie 
earned out on our dog Three grams of glycine (Eastman Kodak Co ) y\ere fed 
Pebiuarj’' 17 The uric acid output for the subsequent tyventy-four hours vas 
727 mg as compared to 324 mg, aymrage for the four pieyuous days A second 
dose of 6 grams of glycine on February 18, hoyy ev^er, was follmved by a uric acid 
output of only 400 mg The use y\as not consistent for the second dose The 
results are best explained as due to the increased elimination since the first dose 
brought out a total urine ymlume of 640 cc, yyhilc the second produced only 
425 c c A similar i elationship may be seen in the tyv o iiiy'^estigations cited above 
particularly in the three experiments of Christman and Mosier 

•Prom the University of Georgia Medical School Department of Anatomy 
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111 our test the leticuloci-tcs rose fiom 32,500 per c min to 52,110 on the 
subsequent clai and dropped again to 6,020, 11,640, 22,520 Tliere iias no pro- 
portional rise on the tliird dai as noiild haie been expected had a real marroii 
stimulation taken place On our hj'pothesis oiir data faiors the view that glxcine 
increases uric acid outputs by elimination onli The rise and fall in reticulocvte 
count IS explained on the basis of flushing the current crop prematurely, as ivill 
be discussed more at length under the tests with caffeine 
The data are gixen in Table I 

jj,ea — ^Under the hi-pothesis of a specific dmamic action of ammo acids, 
Lems Dunn and Doisy hai e tested urea The dosage n Inch they used had only 
a rerr slight diuretic effect and showed no increase in uric acid output Our 
initial dose of 20 grams was also endenth subminimal, since no diuresis was ob- 
tamed and no increase in uric acid was noted oier the preialent leiel However, 
the second dose of 75 grams brought out 1060 mg on a lolume of 1350 c c at a 


Table I 

Effect of Ingestion of Glycine Upon Upic Acid Outpiits and Reticulocyte Counts of 

THE Dalaiatian' Coach Dog 



PETICULOCYTES PEP 
CMM OP BLOOD 

DULY LPINE 

VOLVME CC 

DA.1LT EPIC ACID 

OnrUT IN MG 

FED 

Feb 14 

35,700 

200 

320 


lo 

39,760 

310 

352 


16 

27,150 

450 

328 


17 

27,400 

275 

312 

3 grams glycme 

IS 

52,110 

640 

727 

6 grams gJreiae 

19 

6,020 

400 

400 


20 

11,640 

2S0 

320 


21 

22,520 

510 

500 


22 

10,400 

270 

432 



Table II 

Effect of Ingestiox of Upea Upon Ueic Acid Outputs axd Reticulocyte Counts op the 

Dalmatian Coach Dog 




RETICULOCYTES PEP 

C Mil OF BIA)OD 

DAILY UPINE 

VOLUME IN C C 

DULY UPIC ACID 
OUTPUTS IN MG 

FED 

Dec 

31 

33,920 

810 

405 


Jan 

1 

17,040 

450 

300 



2 

42,280 

380 

432 

75 grams urea 


3 

41,020 

1315 

1060 



4 

34,710 

350 

400 



o 

51,030 

360 

320 



6 

34,980 

350 

400 



time when the base lei el was 377 mg There was no subsequent reticuloeytosis, 
and hence increased elimination of uric acid is again indicated (Table II) 

Soda Bicathomtc — A dose of 20 gm of sodium bicarbonate also produced 
a marked diuresis and with it flushed out a large quantiti of uric acid A volume 
of 2380 cc earned with it 1260 mg une acid This occurred on a low blood 
count of 3 710,000 on an actneh regenerating marrow, and hence the influence 
on icticulocAte count cannot be determined directh 

Ammonnnn Chh> idc —A senes of consecutne doses of ammonium chloride 
showed soinewliat suiiilnr results Six grams gnen Mav 27 produced 830 c c of 



430 


THE JOURNAL OE LABORATORY AND CLIMCAL JIEDICI^E 


mine and 744 mg of mic acid, 16 gin the following day produced 2075 cc of 
mine and 1208 rag of mic aeid, 8 gm on the next day produced G50 c c of urine 
and 750 mg of uiic acid This was in a period of active legeneiation with a 
blood level of 3,520,000 on May 26 to 4,860,000 on jMaj^ 30 Dming this peiiod 
no marked uses in ieticuloc 3 tes oeemied which might be attiibuted to the action 
of the salt, the level being mamtained at 14,000 to 41,000 

One dose of lithium citiate and one dose of mi msi wcie also giieu but 
■without anj’’ diuretic efteet 

Caffeine — Eight doses of caffeine weie adnuiiisteied under a series of condi 
tions The fiist dose of 450 mg produced a urine volume of 550 c c and 550 mg 
of mic acid The second dose ivas evidentlj^ submimmal, since the volume 
di opped to 315 c e and 168 mg of uric acid The third dose, gn en three days 
latei in three poitious of 300, 300 and 450 mg, resulted in a mine volume of 
475 c c and 672 mg of mic acid The fomth dose ivas 600 mg , given on a blood 
level of 4,000,000 and just after a spontaneous uric acid peak of 675 mg , due to 


Table III 


Effect of Ilgestion of Caffeine on Uric Acid Outputs bt tuf DAmiATiAV Coicn Doo 




FED 


DVIIi\ DRIVE 

DULY URIC ACID 

R.B C 






\OLUiIEI\ C C 

OUTPUT IN MG 



Jan 

9 

450 mg 

cafifemo 

460 

368 




10 

300 mg 

caffeine 

550 

550 

5,820,000 



11 



315 

168 




12 



470 

248 




13 

1050 mg 

caffeine 

325 

288 




14 



475 

632 




23 



675 

675 




24 

600 mg 

caffeine 



4,020,000 



25 




344 




29 








30 

1200 mg 

caffeine 



3,940,000 



31 







Feb 

1 








26 



400 

456 




27 

1200 mg 

caffeme 

560 

448 

6,180,000 



28 



1750 

439 



Mar 

7 



600 

480 




8 

1200 mg 

caffeine 

570 

648 

5,870,000 



9 



1670 

835 




10 



290 

376 




23* 



875 

776 




24 

1200 mg 

caffeine 

915 

80S 

5,030 000 



25 



1460 

1064 




•Period of placental feeding" hence the high uric acid base Ie^el 


active eiythrocyde legeneration This may^ explain the diop to 344 mg of uric 
acid with a volume of 300 c c aftei the caffeine The next four doses are of 1200 
mg caffeine each, and maiked dimesis was obtained in each case The fifth 
dose, on a low blood count of 4,000,000 and an active maiiow, brought out 11/0 
mg of mic acid in a urine volume of 1470 c c The sixth dose, gn en on a blood 
count of 6,000,000 and after three high daily outputs due to the ingestion of 
nucleic acid, produced a marked dimesis of 1750 c e but ivith an extiemelv low 
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unc acid content of 439 mg Tlic sei cntli dose, on a blood le^ cl of o, 8 1 0,000 and 
a low reticulocvte count, resulted in a urine \olume of 1670 c c and 835 mg of 
uric acid The eighth dose nas followed by 1460 cc of urine and 1064 mg of 
uric acid, but the last ’lalue is of no significance since it occurred m a period of 
active regeneration, low blood count, and placental feeding 

It IS of mterest to note that in the experiments reported bv Jlvers and War- 
dell (1928) initial doses of cafteine alwavs acted as diuietics and the largest out- 
puts of uric acid came down with the largest volumes Thev seem to favor the 
hypothesis that the caffeine is converted into uric acid, prmeipallv because of 
the fact that while theobiomine is a good diuietic, it failed to inciease the unc 
acid outputs in their four tests An examination of their data shows that the 
dosage used failed to act as a diuretic Then tests with euphv Im show definitely 
that flmd intake and output were increased and that the nrie acid increased pro- 
portionately Our data seem to indicate that caffeine increases unc acid outputs 
by diuresis smee the amounts aie correlated with the condition of the marrow at 
the time 

The only outstanding fact against this explanation is the observation of 
Clark and Lorimer (1926) that the blood uric acid rises simultaneously with 
mcreased outputs under caffeine feeding 

The rehculocvte behayior under the conditions of caffeine administration 
throws further light on this explanation, and at the same time presents some 
evidence as to the mechanics of erythrocyte deliyery 

Reticiilocytosis Induced hy Caffeine — In six of the eight tests of caffeine, a 
marked reticulocytosis was produced The increases, howeyer, occurred on the 
daj subsequent to the administration of the drug, and in this way differed from 
the spontaneous rises observed after hemolysis and hemorrhage, which followed 
at intervals of from three to four days after uric acid peaks as reported m an 
earber paper (Krafka, 1930) 

The first dose of 450 mg caffeine, brought out 64,020 reticulocytes at a time 
when the prevaibng level was 38,010 With a higher prevailing level, caffeine 
flushes out proportionately more i eticulocv-tes Thus the fifth dose of 1200 m"- 
brought out 304,850 reticulocytes, nhen the count on the preyious day was 
149,720 The yalues for the other doses are giyen in Table IV Proportional in- 
creases of 1 7 to 3 5 tunes were observed The second and fourth doses present 
exceptions 


Table IT 

Eitect of Ixofstiox of Caffeixe Upon- the Reticeloctte Cocnts ix the Dalhatux 

COACH Dog 


caffeix-e 

ORAL DOSE IX MG 

Jan 9 450 

10 300 

13 1050 

24 600 

30 1200 

Feb 27 1200 

■Mar S 1200 

24 1200 


peticulocyte cotjxts 


PPE\ \IU\G 

AFTER CAFFEIX-E SUBSEQr 

38,010 

64,020 

39,500 

64,020 

30,500 

33,480 

2S,900 

1 0,140 

34,500 

100,500 

104,000 

98,560 

149,720 

304,850 

55 480 

31,400 

77,550 

12,240 

17,010 

63,000 

5,400 

155 030 

287,100 

78,820 


COFmCTEVT 
OF IXCPEASE 


1 7 


20 

2 5 

3 j 
18 



432 


THE JOURNAL OP I ABORATORY AND CLINICAL MEDICINE 


It Will also be noted fioin Table that a plethora followed the increase 
This IS paiticiilarlj’’ eiident in the massive 1200 mg doses The fifth dose shoved 
a diop to 56,480 fiom a pieexperimental level of 149,720 

The data may be intei preted as due to the flushing action of the caffeine hv 
incieasing the vasculai piessure The entiie letieiilocj te ciop is leleased into 
the general ciiculation instead of being letained for the niatiuing period of three 
to foul daj's A subsequent plethoia follows 

These obseiwations aie of considerable intciest in connection with the 
mechanics of erj^thi ocAde deliveij' Diinlvei, Drinlvci and Lund (1922) have 
sliovn that it is impossible to ivash out nucleated red cells bi^ increased me 
chanical piessure In oui eighth test with cafteine a cheek was made on this 
point, and it was found that thcie was no ineiease in the i dative number of cir 
dilating normoblasts, although the leticuloejde count lose fioni 155,930 to 
287,190 Theie is thus a maiked obseived difteience in the mechanics of the 
deliveiy of these two tvqies of cells 

This point is of such mteiest that the test was lepeated on a senes of ten 
labbits The data aic given in Table V 

It IS appaient from Table V that caffeine inci eases the reticulocjde counts, 
paitieulaily after the regeneiatne piocess has begun after hemoljsis This 
point IS Avell brought out in the test of June 11, 1931 Counts weie made in the 
morning, cafteine administered at noon, and lecounts weie made in the after 
noon, AMtli increases consistent throughout 

The inei eases aie not marked ox legulai on an inactive man ow a fact also 
obseived in the Dalmatian hound 

Afoplian {Phenylcmchomc Acid) — Since this diiig has been used lather 
ei-tensufely in gout, its relation to uric acid outputs has been widely studied 
Our two tests failed to sliow anv thing of significance An initial dose of 250 mg 
givmn at a time when the eiythrocjde count was 6,100,000, leticiilocytes at 0 3 per 
cent and uiic acid at 560 mg , lesulted in a subsequent K B C of 5 880,000, letie 
ulocvtes 0 2 pei cent and uric acid 664 mg A second dose of 750 mg failed to 
change the leticulocjde count or materially influence the uiic acid output, the 
values being 584 mg before administration and 500 mg after 

Bihi uhin — ^From time to time, the tbeorj has been developed that the hr 
products of hemoglobin destiuction maj'^ act in the capacity of erj thropoietie 
agents, capable of maintaining the nice balance between destruction and pio 
duetion of eiythroeytes Veizai and Zih (1929) claim to have obtained marked 
inci eases m the red cell count bj the oial administiation of small doses of 
biliiubin and bihverdin This observation was of such inteiest in an alternate 
lij pothesis developed by the author, that a test of bilirubin was made, checking 
not only the red cell count but also the reticulocj’te count and the uiic acid 
values 

The initial dose of 3 5 mg of biliiubin was giv'^en when the erj tbroojde count 
was 5,210,000 , reticuloejdes 0 4 pei cent, uiic 310 mg The subsequent daj , the 
red cell count was 4,870,000, retieulocj’tes 0 5 pei cent and the uric acid output 
288 mg A second dose of 3 7 mg of bibrubin was given wuth the BBC at 
4,700,000, leticulocytes at 0 1 pei cent and uric acid at 424 mg The lesult was 



Taiiif V 

IlttJCT OF Caifunf on Iiih Bt ricorocATJ CouNi- IN RAimns 
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insignificant since the eni:luoc34;es mcic 5,100,000, reticiiloc-^ tes 0 7 pei cent and 
the niic acid level 320 mg A thud dose of 3 6 mg gave similai icsults 

Verzai and Zih do not report reticuloc'^'te counts in then ivoik and until 
marked inci eases in this gioup of cells are demonstrated, biliiuhin cannot be 
considered an active hematopoietic agent 

Xylose — ^As a eoiielarj’' to the hematogenous theoiy of the origin of endog 
enons luic acid, a senes of tests were earned out on the bj-pioducts of nucleai 
destiuctiou in an attempt to find a factoi nhicli might contiol the pioduction 
of erjdhrocjdes by its vaiying concent! ations Uric acid nas the fii’st substance 
tried A massive dose of 1500 mg was gn'en a patient with a seiere seeondaii 
anemia without materiallj irapronng the red cell count or the reticulocide count 
Larsell, Jones and Phillips (1927) hai'e leported hematopoietic effects from 
the intiavenous injection of nucleic acid and nuclear exti actives in both rabbits 
and human beings Dalun, Hone and West (1931) have identified the active 
substance in livei extract as a hjdioxjpioline It seemed possible then, that 
somewheie in the splitting up of the nucleopiotem of the evtiuded noimoblast 
nucleus, an active agent might be found Of the thiee piincipal deiivatnes of 
nucleic acid, phosphoiic acid seemed the least piomising, since its eoncentiation 
m the blood may be vaiied by so many indejiendent piocesses The pentoses, 
purines and pjnamidines icmamed, and two of tliese have been tested On the 
basis of the lepoit bj' Dakin, Hone and West that the precipitate containing 
both hypovanthme and pentose from liver extiact neie inactive in the tieatment 
of pernicious anemia, and that the active substance is free from pj'ramidines, our 
own limited tests seem to indicate that nucleai deinatnes aie not concerned 
directly with the eiythiopoietie mechanism 

A test of pentose nas earned out on the Dalmatian hound, bj' fiist de 
pressing the eijdhiocj'te count by hemolysis nith phenylhvdrazine and then 
feeding 5 gm doses of xylose, observing the legenerative rate as shown by the 
erythrocyte and the leticulocjde counts This was not in excess of legeneiatne 
rates spontaneously observed for the same animal in eailier tests The data 
aie given in Table VI 

The xylose was fiom cottonseed hulls puiified by thiee leciystallizations by 
Dr C H Maryott 

It IS of interest to note that Madders and McCance (1930) report that the 
mgestion of 5 gm doses of xylose or aiabinose ha^e no effect on the uiic acid 
outputs in man 

Adenosine Compounds — Diuiy and Gyoigjn (1931) have extracted a sub 
stance fiom freshlj^ minced bullock’s heart by 5 pei cent trichloracetic acid whicli 
has a maiked action on the heart of the dog w'heu nijected into the circulation 
Thej^ have identified this substance as adenosine Using the same metliod of 
extraction, we have checked the effect on leticulocjde counts in tuo rabbits, but 
without shouTiig any activity on the maiiow We fuithei cheeked the activity 
ot the extract on a cat under ui ethane anesthesia and obtained a shaip fall la 
blood pressiiie ujion the injection of 1 e c The right femoial aiteij^ vas ligated 
before the mjeetion, the marrow of the light and left femora was fixed m 
formalin and sections prepared No observable differences in the marrow of the 
two legs were found 
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These obsenations aie in keeping ^Mtll those of the authois cited aho\e that 
subcutaneous doses ot 50 mg daih had no cfteet on the cmihioCNic counts in 
guinea pigs 


Tvble A’I 

Effect of Ingestion of Xylose Upon the Beticuloctte Counts in the Dilmitian- 

COVCH Doo 


erythrocyte count pep cevt peticclocytes 
PEP C lilt blood 


Max 12 

4,710,000 

0 1 




13 

4,670,000 

0 1 




14 

5 120,000 

0 2 



phenylhvdrazme HCl 

15 

5,260,000 

13 

50 

mg 

16 

4,560,000 

0 5 




IS 

3,970,000 

1 5 




19 

3 900,000 

17 

5 

gm 

svlose 

20 

3,910,000 

10 

5 

gm 

xalose 

21 

3,900,000 

19 

5 

gm 

rvlose 

22 

4,150,000 

2 I 

10 

gm 

nyIosc 

23 

4 420,000 

2 2 




25 

4,500,000 

0 5 




26 

5,030 000 

32 





SOniNRY 

1 Glycine, urea, sodium bicaibonate, and ammonium chlonde increase the 
dailr outputs of luie acid primaiilv by their diuretic action 

2 Caffeine maikedh mereases tlie output of uric acid appaiently through 
its diuietie action although the amounts lan' vrith the regeneratne states of the 
marioiv 

3 Caffeine pioduces a maiked reticulocYdosis the degiee of nrhich is de- 
pendent upon the maiiovr actmty It differs m tune from the spontaneous 
retieulocYtosis in that it follows the immediate admmistration of the drug 

4 Caffeine does not ineiease the number of circulating normoblasts while 
the letieulocytosis is produced, hence a maiked diffeience exists m the mechanics 
of deluen of these two types of cells 

5 Minute doses ot bilirabin failed to act as hematopoietic agents as cheeked 
hr retieuloevte counts 

6 Xclose failed as a hematopoietic agent as checked by letieulocxte counts 

7 Adenosine also failed as a hematopoietic agent as cheeked hr reticulocyte 
counts and by the histologic picture of the marrow 

8 The data are considered m their relation to the theori that relates endoir- 
enous line acid to the extruded nuclei of the normoblasts 


ewrk, 
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GINGIVITIS CHEJIOTHER.VPEUSIS AS AN AID IN THE DIAGNOSIS 

ANT) TREATMENT* 


PRELiiTixAPT Report 


Bt Herbert Marstiale Core PhD , PniLwrEPniA, Pa 


A FRESHLY isolated bacteria riU, when subjected to the action of various 
antiseptics either be killed conipletcH (bacterioli'sis) , be retarded (bac- 
teriostasis) , oi grow as on ordinary nutrient agar, or other media The anti- 
septic coefBcient of standard diugs has no relation to the different organisms 
as different strains of the same species react to the same agent in a markedly 
different manner 

Based on the fact that members of the same group of bactena and even dif- 
ferent strains of the same oiganism have a diiersitv' of reactions to a standard 
chemical it is seen that thev exhibit degrees of resistance vhich are independent 
of the ti-pe of drug used but more dependent on the phase of their de^ elopment 
Thev do not aetuallv build up a so called “immunitv” to the drug but thev man- 
ifest a varving degree of penetrability to the reagents and develop a tolerance to 
it This degree of tolerance is definitelv associated mth morphologic and atten- 
uation changes Consequentlv, in freshlv isolated rapidlv developing and divid- 
ing strains this tolerance is less than in those strains uhich have been or are ex- 
hibiting advanced phases of mierobic dissociation Just as bactena develop a 
resistant or “R” form to the continual Ivsis of the bacteriophage, so does a strain 
of bacteria deielop a similar tjrpe of resistance to the continued use of an 
antiseptic 

It IS this fact which explains a condition verr frequently found in the treat- 
ment of gingmtis A definite point or plateau is reached in treatment and from 
which no amount of medication with previously successful antiseptics has anv 
effect The lesion settles into one of chromeitv with possiblv periodic exacerba- 
tions of an acute nature Or as in the case of V incent ’s infection there is fre- 
quent recurrence 

Chemotherapeusis is in realitv the adaption of suitable chemicals or drugs 
to the tieatment for elimination of diseases and disease condition These drugs 
and antiseptics are the most standard preparations of x arious drug houses They 
aic sold and standardized in relation to their (1) antiseptic powers (2) pene- 
tiatiie abihtv, (3) safetx and conxemence in usage 

The preparations most frequently in use m oral hvgiene and for the treat- 
ment of gmgixal infections are divided into three main groups (a) mercurials 
(b) salts of other metals and (e) dxes VTith these, a chemotherapeutic standard 
is used of txio strong antiseptics whose coefficient of antisepsis has been accepted 
one IS phenol itself (in a final dilution of 1-1,000) the other is tricresol (final 
dih^on of 1-2,000) These groups of germicides gixe ns a range of the common 


•From llio XXilmcr Fp-so-irch FoundaUon In the Laboratorv of fho . 

ntciivctl for pubHcrtlon \pnl 2^ l^Sl ^ GermantouTi Hospital. 
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antiseptics coveiing most of tlie solutions used m oidinaiy dental or medical 
practice for the treatment of gingivitis 

The teehnic followed is the same one used and desciibed hj Keilty,^ the onlj 
variation is in tlie concentiation of tlie voik done on the stieptococei isolated 
fiom gingiial cultures by anaeiobic as well as aeiobic methods Keilti ’s lesiilts 
have been so unifoimly good that any laiiation vould only slov up the treat 
ment The entiie work depends on a coopeiation between the laboratory and 
the dentist to give a maximum ot efbcient diagnosis and tieatment 
Techmc — 

A Two diieet smeais aie made foi staining 

1 Foi the usual stain bv Gram’s method, 

2 For differential stain if wanted 


B A suspension of tlie matciial, fiesh, in salt solution foi a daik field 
examination oi w ith simple oil immersion lens, to note motibti , character of the 
spmlla, piotozoa, t^'jie and numbei of organisms 

C A suspension in Sehaudmn’s fluid foi aineba piesent 
D A blood agar plate is inoculated for media control and initial culture 
from w’hich subcultures aie made for fuithei bacterial identification 

E Tubes of the special antiseptic agar aie inoculated by stioke and stab to 
deteimme the degiee of giowth allowed bj the diffeient antiseptics 

The antiseptic tubes are all made up as follows Nutiient agar is melted 
and flashed in 50 e c lots, to this is added 2 pei cent blood collected aseptically 
and 0 5 e e of a 1-100 dilution of the antiseptic to be tested This gives m the 
final dilution an antiseptic agar of 1-10,000, m all flasks This is then tubed in 
small tubes and used directlj' aftei slanting The standards (phenol and 
tricresol) aie made up in eoiresponding piopoitions to give the final dilutions as 
desiied 

The folloiving preparations are the ones made up as bemg the ones most 
commonly used by contributing dentists We ha^ e discarded some and are add 
ing others Poi example, antiseptics which persist in showing giowth in a dilu- 
tion of the antiseptic of 1-10,000, and m dilutions of greater concentrations, 
which generally show groivth are not suitable clinically w'here the dilution in the 
mouth IS greater in a few moments than tliat w Inch w'e are using in each test tube 
Among those which gave consistently poor results are S T 37, and meieiiro 
chrome These have been discarded from the set up and we are confining the 
test to eleven antiseptics They aie 


{ Metaplien (Abbott Laboratories) 
Mertliiolate (Eli Lilly) 
Mereurochrome (discarded) 


Salts of metals 
Oxidizing agents 


Anabne dyes 


Copper sulphate 
Chromic acid 
Argyrol 

lodme, acetone, glycerine (Prinz Formula) 

Acriviolet 
Gentian violet 


Standards 


Tricresol 

Phenol 
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TVBLE I 

22 STE«NS of OFGVMSMS IsniBITEO BY ■\.\T1SEPTICS 




MFFCVPIVLS 

Dvrs 

OFGIVISMS 

MFT\ 1 
PJTtN 

MErTHI 

OL\Tr' 

3FXTHX 

VIOLET 

ACPI 

TJOtET 

E 

coll conuntmis 

G 

XG 

G 

- KG 

I 

; coll conimnnior 

G 

KG 

G 

G 

Gram negative rods 

i hctis aerogenes 

G 

KG 

G 

G 


11 catarrhalis, 3 strains 

3XG 

2 KG 

G 

IKG 


i mneosus capsulatns 

KG 

KG 

G 

G 


S saliianus (2 strains) 

2SG 

2G ! 

2G 

2 KG 

Gram negative cocci 

S progenes 

syG 

3G 

3G 

3 KG 


Strept subacidis 

G 

KG 

G 

G 


S Hemolvticus I 

G 

G 

G 

KG 


S fecalis 

G 

G 

G 

KG 


S anginosns 

6 

G 

G 

KG 

Streptococci 

S mitior 

G 

G 

G 

KG 


G equmas 

G 

G 

G 

G 


Is aureus hemolvticus 
(3 strains) 

G 

3 KG 

IKG 

2 KG 


M tetragenns 

G 

G 

G 

KG 

Other gram positive 

Pneumococci 

G 

KG 

G 

KG 

COCCI 

Diptheroids 

G 

KG 

G 

KG 


APGT 

POL 


G 

G 

G 

G 

G 

IG 

G 

(T" 

G 

NG 

NG 

G 

G 



G 

G 

G 


There is a definite relationship between the degree of infection and the trpe 
of organism present In the most severe infections, there is a predominance of 
streptococci, and these respond less to treatment than do the other types of in- 
fection Gram negatn e organisms are less difficnlt to clear up than the gram- 
positive ones The opinion has been prec alent that the gram-positn e organisms 
lospond better to drugs which have as a basis one of the coal tar products, i e , 
the dves, and that the gram-negative organisms respond best to mercuriaLs This 
IS not iihollv in accord iiith our findings The streptococci respond equally well 
to the mercurials as to the dA es, but there is a slightly greater afSnity for the 
gram-negatne rods and the mercurials A mixed flora, however, might react 
dificrenth to tvo of the individual strains and require still a third antiseptic to 
act on the combination of the strains 

Table I shovs the results of the isolation of single strains of bacteria by cul- 
ture ’ITlien isolated pure thcv were then put through aU of the chemothera- 
peutic media The streptococci are classified according to Holman, = based on 
their feniicntation reactions All the organisms were isolated from gm<nval sulci 
except the strains of the colon group uhith were obtained from cases of mucous 
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cobtis The antiseptics ivhidi gaAe letaidcd gronth aie not included in the 
table, growth howe\ei techie was leeoided as being equal to no inhibition 
In inoculating slants, two main mctliods were tiicd in older to get a method 
for compaiatne lesults The fiist was to inoculate a tube of Rosenow’s deep 
brain broth fiom a pus pocket After tw ent j'-foui horns' incubation a loopfnl 
of the bioth cultuie was transfeiied to the antiseptic tubes and incubated oier 
night This gave -vaijung lesults but thcie was doubt as to all of the organisms 
piesent m the pus pocket sunning, as it is well known that there is inhibition 
of one tATpe of oiganism bv another Tlieiefore slants were inoculated directh 
from the gingival sulcus or iioeket In badly infected cases this generally gave 
the same amount of mateiial tiansfeiied to each tube, geiierallv a loopful Fol 
lowing IS the result of fiftv eases so inoculated 

Table H 


Fifty C^ses of Ginoimtis, CiiEMOTnrjiAPEU’nc Kesolts 


ANTISEPTIC 

RETARDED 

PEP CENT 

NO GROWTH 

PEP CENT 

Cliromic ncjct 

4 

8 

0 

0 

Copper sulphite 

2 

4 

0 

0 

Merthiohte 

0 

12 

17 

34 

Mcrcurochiomc 

0 

0 

0 

0 

Motiphen 

12 

24 

10 

20 

Argyrol 

0 

0 

2 

4 

Gentnn violet j 

4 

8 

0 

0 

Acrmolet j 

4 

8 

19 

38 

Phenol 

14 

28 

10 

20 

Tricresol 

14 

28 

0 

12 

I A G 

3 

6 

4 

8 


When giowth occuiied the antiseptic was consideied as being a failure, even 
though the growth was maikedly lestiictcd In Table II a report is made of this 
retardation but is merelj^ placed there as a matter of record for comparative 
purposes 

The percentage of nongrowth pioduced bv the dilfeient cultures of the 
gingiva should determine the percentage of its efficiency Table III shows the 
percentage of each of the antiseptics used in relation to then bacteiiolytic 
efficiency 

Table III 

Percentage Chart of Antiseptics Used 


SOLUTION PER 

CFNT OF EFFIOIENCl 

Aenviolet 

38 

Merthiolite 

34 

Metaphen 

20 

Phenol 

20 

Tricresol 

12 

Iodine, Acetone, Glycerine 
Argyrol 

8 

4 

Chromic acid 

0 

Copper sulphate 

0 

Gentian violet 

0 

llercurochrome 

0 








GlNOmTlS 


441 


Gmfi\al cultures sliou a dnersifiefl bacterial flora In Table IT there is a 
high peieentage of streptococci and cataii balls The vmexpcctedlv large per- 
centage of moulds found is noteAvortby 


Table IT 

BACTEriAi* Incidence in 100 Cases or Gingivitis 


organ rsvrs 

pep CENT or cases 

OPGiMSifS 

PEP CENT OP CASES 

'll tetragcnns 

2-1 

S aureus 

44 

B mneosus cipsulatns 

19 

1 S albns 

6 

Diphtheroids 

29 

S citrens 

1 

Pneumococci 

76 

B 'hemolrticus 

V, 

B influenzae 

9 

S nonhemoljdicus j 

15 

M bnciths 

o 

S infrequens 

12 

SfreptothriA 

48 

S sabvarius 

33 

Leptothnx 

81 

S pvogenes 

12 

It catarrhalis 

73 

Protozoa* 

75 


^nchomonas buccalis 36 per cent, 
Endameba buccalis 39 cer cent. 


The application of the geimieide is an important factor It is immatenal 
hoAv it IS applied if one is certain that the bacteria and the germicide are in con- 
tact For this pui’pose a flexible rubber Tacunm cnp has been recommended 
This bolds a sufficient quantity of solution to be time-savung in application 
There is no doubt also, that there are benefits derived from the Augorous massage 
given br the use of this cup Pus pockets of depth are reached by the use of a 
bent, blunt platinum needle mth a SAminge The method of application is sec- 
ondary if the fact be borne m mind that any germicide must be m contact Avith 
the organisms to be effective 

In treatment the alternate use of the suggested drug has been combined vnth 
arsphenamme in some form or other This is used to clear up the spirochetes 
which AAe have found to be present in 86 per cent of all normal mouths, and in 
98 pel cent of all those infected with one or moie of the streptococcus gionp It 
is doubtful whether the tj-pe of arsenical can be used mdisenmmately, but the 
lesults With neoaisphenamme and sulpharsplienamine m glycerine, applied topi- 
cally, have been remaikably good when used vnth the various antiseptics These 
arsenic preparations are definite spuoeheticides and clear up the spirilla present 


SUilWARX 


Cliemotlierapy is definitely indicated in gingival infections The coopera- 
tion of the laboratory and dentist is necessary m suggesting the proper anti- 
septic to use in treatment of gingival infections such as streptococcal gin^ivihs 
ukevomemhranous gingintis pvorihea, etc 

Gingival infectious due to gram-negative organisms respond to treatment 
better and more rapiclh than do those due to gram-positive organisms There 
seems to be no basis for the idea prevalent m medical minds that the ‘n-ara-nosi 
tive organisms respond more snceessfulJv to tlie dres than to the merc^als 
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Gmgnal eultuies slioi\ a diveisificd bacteiial flora Yitli a large percentage 
of moulds and 89 per cent of streptococci present in lesions For cliemotliera 
peutic diagnosis inoculation stroke and stab is necessary and direct inocula 
tion gives tlie most accurate results Mcitliiolate, metaplien, acrmolet, and 
phenol were found to be the four antiseptics of highest baeteiiolysis of eleven 
used in a series of fifty cases 

In treatment the use of ti\o oi more of the bacteiiolj'tic antiseptics used 
alternately and in eonibination nitli aisiihenamine has been found to give the 
most satisfactory results and nith fenei recur reiices 

REFERENCES 

1 Keilty, E A Specificity of Bictcna to Bacterioh tic Action of Cliemicils "With Note on 

Tins Application to Cheniotlicrapj , J L vn A Clin Med 14 530, 1020 

2 Holman’s Classification of Streptococci, T Mctl Eesoareh 29 377, 1916 



ItEBETHIOLATB AS A SKIN DISINFECTING AGENT 
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Indian’apous, Ixd 


Es'TRODOCTIOK 

M any studies liave been pubbsbed upon tbe use of various germicides as 
human skin steriUzing agents i, ^ 5 « '. * In some instances m the 
literature on this subject, artificial conditions ha\ e been introduced, such as ani- 
mal skm disinfection tests, the use of laboratorv cultures as 11:611 as certain con- 
tammated materials artifieiallv applied to the skm, and experiments dealing only 
with the verv superficial bacteria associated vnth the skin Such tests do not 
necessarily indicate the true effectiveness of a germicidal agent against the 
natural skm flora of the human In other instances the techmc employed has 
been more or less tedious and complicated, seemingly practical onlv m certain 
conditions vhere the time element has not been an important factor 

The ideal germicide for skin disinfection should be effective in causing prac- 
ticallv complete destruction of not only surface skin bacteria but also those situ- 
ated m the deeper lavers Antiseptic action should be mamtained for several 
hours after appheation In addition, tbe ideal germicide should not mjure the 
most sensitive skm, and may best fulfill its function if it directly stimulates tis- 
sue eeU grovrth and healmg 

Merthiolate (sodium ethyl mereun thiosalieylate) , an organic mercurial 
compound, seems to fulfill the requirements of a satisfactory dismfectant for the 
skin This compound has been shoivn to possess active germicidal properties 
mamtainmg its effectiveness in the presence of media most nearlv resembhng 
the tissues, such as serum agar and white clot or fibrin agar ® It is readily sol- 
uble, possesses definite penetiation properties, and does not precipitate serum 
proteins Merthiolate has a low degree of toxieity for ammals and human 
bemgs, does not hemolyze red blood cells, and does not injure sensitive bacterial 
antigens and antibodies ® It has been found to stimulate tissue cell growth 
and healmg Jlerthiolate has also been reported to approach the ideal germi- 
cide very closelv in tests utihzmg bacteria and hvmg tissue growing m vitro 
In these new tests, which give most important information as to the real value of 
a germicide combining as thev do readings on the germicidal value and effect 
on Imng tissue, merthiolate has a ratmg of 0 9, and phenol a ratmg of 0 2, as 
against a minimum rating of 1 0 for a theoretically ideal germicide The close 
appioneh of merthiolate to the ideal in these tests indicates that a high deoree of 
efficaev shonld he icahzod m tissue antisepsis 

Eeimanni^ has reported that some indniduals displav a sensitiveness to tluo 
compounds uhich is characterized bv reddening of the treated area and the ap- 

^rom The Lni> Rcceirch Uaborvlorics InUianapoUs Indiana 
UecclNcd for puhllcaUon September 5 l^Jl 

443 



444 


THE JOUEXAE or LABORAIOBA AKD CLINICAL AITDICINE 


peaiance of small papules and vesicles Since meidlnolate is a deinatne of a 
tliio compound, the occasional eijdhema noted in a few highly sensitive persons 
foUoning the use of unstabilized aqueous merthiolate solution may in part be at 
tnbutable to this factor Studies on piocediires nhicli bring about stabilit} of 
solutions and oveieome tins possible tendency as veil as the possibilitv of in 
fiequent meieurial dermatitis in particulaily sensitive poisons mil be published 
separately These studies, winch aie to be reported soon, show that bv ratlier 
simple stabilization methods applied to the solvent, merthiolate solution can be 
so prepared that it may be applied in 1 1000 dilution as v et dressings for tnentr 
four hours oi longer vnthoiit causing irntation in highly sensitiye indmdnals 
who prevnously reacted after one minute exposme to the unmodified solution 
Such stabilized merthiolate solutions’- retain then healing properties The 
meithiolate solutions used in the woik reported in tins paper included stabilized 
solutions which cause no irritation in eithci ordinal y oi hvqiersensitive siibiects 

The work reported heic consists of expeiimcnts indicating the comparative 
potenev of meithiolate in skin disinfection proceduies nndei conditions ap 
proaelnng as nearly as possible those eneounteied in ordinal v chnical practice 
A simple, rapid technic vas emplojed The oiganisms dealt with consisted in 
all eases of those normaUj lesident upon oi mfhin the human skin These in 
eluded gram-positive cocci and various mixtures and pioportions of giamposi 
tive and gram-negative bacilli Tests were carried out m such a way as to de 
termine the value of mei-thiolate not onlj in the preopeiative preparation of the 
human slcin, but also in first aid antisepsis Tincture of iodine IT S P was used 
as a control germicide so that lesults would be comparative The meithiolate 
piepaiations used included both coloicd and uncoloied 1 1000 aqueous solutions, 
and eoloied and imeolored 1 1000 alcohol acetone aqueous solutions 

EXPERIMENTAL 

Genoa! — The technic used in this work unless otherwise stated is as fol 
lows Human slan aieas of about foiu inches in diameter weie treated with soap 
and watei and then shavmd The slun was next thoroughly sciubbed with tine 
ture of green soap and watei bv' means of a gauze sponge The aiea was then 
iinsed with steiile watei and dried wnth a steiile sponge At this point a culture 
was taken from the center of the treated area by rubbing the skin vigoiously 
with a sterile swab w et wnth broth This sw ab was rubbed up in a tube of 10 c c 
of fresh vmal infusion broth Following this a gauze sponge wet with the gernii 
eide was rubbed evenly over the area for ten to fifteen seconds After a one 
minute exposure the excess of geimicide wms rinsed off with sterile watei and the 
area quickly dried with a fresh sterile gauze sponge Bilaterallv symmetneal 
skin areas were used, one germicide being placed on one side and the other on 
the opposite side Immediately aftei a one minute exposure a surface culture 
was taken by vigoiousl 3 ' lubbing a portion of the treated area with a sterile swab 
wet with broth This swab w as nibbed up in a tube of 10 e c of fresh veal m 
fusion broth Deep skm cultures taken at the same time as the surface skin 
cultures were made as follows An aiea of skin about one-eighth inch bj one 
half inch was scraped with a sterile scalpel until capiUary bleeding occurred 
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Those scrapings ■were planted to broth tubes In addition, immediate subcut- 
tures to blood agai plates wcie made fioni both the surface and the deep skin cul- 
tures, using Ice amounts *\.fter tu enti -four hours’ incubation at T7° C both 
the surface and deep skin cultures nere subcultured mice amounts to fresh 
10 ec broth tubes All cultures ■ueie read after a further incubation of forty- 
eight liours, 1 e , three da% s after the tests, and niav be listed for conremence as 
follows 

1 Control culture made after cleansing the slan but before application of 
the germicide 

2 Surface skin biotb culture made one minute after appbeation of the 
germicide 

3 Subcultures to blood agar plates made from Xo 2 within one-half hour 

4 Suhcultiues to broth tubes made horn Xo 2 after twenti-four horns 
menbahon 

5 Deep skin broth cultures made one minute after application of the 
germicide 

6 Subcultures to blood agar plates made from Xo 5 withm one-half hour 

7 Subcultures to broth tubes made from Xo 5 after twent\-four hours’ 
incubation 

Subcultures were made as indicated above to rule out the possibility of inhi- 
bition from an excess of germicide being carried over into the cultures and inter- 
fering mth tbe determination of the actual killing of the bacteria This possi- 
bilitv had been considerably mmiimaed by the nnsmg of germicide treated skin 
areas previouslT described The regions selected were distributed quite evenly 
over the bodr and included tliose areas frequentlv subjected to surgerv Twelve 
white and thiee colored mdmduals offered themselves as subjects for these 
studies The tests were earned out during the months of !Mav June, and July, 
and lanons degrees of skin hvgiene were encountered 


TlStE I 

ScAtstvPY or Coitrwj,Tn-E Sctgicm, Sktv Disi>-fectio%- Tests With irEPTHiouiTF 

Aqtoovs 1 1000 


OEPlIICIDE 

' 0 or 

TREJtTMEVrS 

SHEPiCi; SKTv CVLTTXBES | 

»EEP SKIV CVhTVPES 

AVD ClTL 
TTFES 

STERltr 

COKTSU 

INATED 

PE? CEVr 

sTEPn:*E 

STEPILE 

COVTAit 

s^\Tzn 

CEP CEXT 
STEPrEE 

Mrrtlnnhtc, iqueous 

1 1000 

47 

47 

0 

100 

43 

4 

014 

Conjrol colturos before 
igplicitjon of 'Mcrthi 
ointc 

47 

1 1 

0 

47 

i 

0 

! 


! 

i 

1 

i 

Tincture of iodine, XI S 1? 

1 40 ' 

34 ' 

6 1 

1 

S5 

33 

7 1 

82 1 

Control cultures before 
upplicntion of tincture 
of loiimc 

40 

0 

40 

0 


i 

1 


Hi'ittTilcd Control 

10 

0 

10 

0 

0 

10 

0 
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Presnigical Shn Disinfeciwn Tests with Mcttholaie, Aqueous 1 1000— 
Table I gnes a sumnian of tlie skin disinfection lesults obtained mtli meitluo- 
late, aqueous solutions 1 1000 Because of preliminarj u ashing i\ith soap and 
iratei, the aqueous solutions wet such aieas adequately Clear aqueous solu 
tions of merthiolate 1 1000 as iiell as aqueous solutions colored intli larions 
dyes were equall}' effective, and this agrees with our test tube experiments not 
reported here Of 47 merthiolate applications, the surface skin was sterilized in 
all cases (100 pei cent), and the deep skin was sterilized in 43 tests (914 per 
cent) Of 40 tinctuie of iodine applications undei cxactlj’’ comparable condi 
tions the surface skin was steiilized in 34 eases (85 per cent), and the deep skni 
lias sterilized m 33 tests (82 5 per cent) In 7 of the«e tests, control tincture of 
iodine appbcations weie not made, due to the delicate nature of the regions 
selected Control tests consisting of washing of similarlj'' prepared areas with 
sterile water for one minute instead of germicide, resulted in entire failure to 
sterilize the skin In all instances the control cultures taken after scrubbing 
with soap and prioi to application of the gcimicidal agents were positive, show- 
ing that the scrubbing was not effeetii’e as regai ds skin disinfection 


Table II 

SuMitART OF Comparative Surgical Skix Disinfection- Tests With Merthiolate, 
Alcouol Acetone Aqufous 1 1000 



^0 OF SKIN 
TREATMENTS; 

SUPPACE SKIN CULTUPES 

BEEP SKIN CULTURES 

GERMICIDE 

^ND cuL ; 
TURFS : 

sterile: 



STERILE 

contam 

INATED 

PER CENT 
STERILE 

Merthiolate, alcohol ace- 
tone aqueous 1 1000 ] 

57 

55 

2 

9C4 

52 

5 

912 

Control culture before ap 
plication of Merthiolate 

57 

0 

57 

0 




Merthiolate, alcohol ace 
tone aqueous diluent; 
control 

43 

19 

24 

44 1 

8 

35 

IS 6 

Tincture iodine, DSP 

43 

43 

0 

1 

100 0 

36 

8 

83 7 

Control culture before ap 
plication of tincture 
of iodine 

43 

0 

! 

43 

0 





Piesnjgical Skm Disinfection Tests with MeitJnolatc, Alcohol Acetone 
Aqueous 1 1000 — Table II gives a summary of the skin disinfection lesults ob 
tamed with merthiolate, alcohol acetone aqueous 1 1000 In addition to the tinc- 
ture of iodine control there was also included an alcohol acetone aqueous eontro , 
using the same formula for the mixture as was used in the merthiolate, alcoho 
acetone aqueous solutions In order to delineate clearly the areas treated, the 
merthiolate solutions were colored with vaiious di'e substances which previous 
test tube experiments had shown did not modify the germicidal value of meithio 
late One of these solutions, colored with eosm and sodium fluorescein, piove 
very satisfactory of application, changing in color fiom yellow to pink upon dry- 
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ing Of 57 merthiolate alcohol acetone aqueous appbcatious the surface shin 
was stenhzecl in 55 eases (96 4 per cent) and the deep skin was sterilized in 52 
tests (91 2 per cent) Of 43 tincture of iodine applications the surface skun was 
sterihzed in all eases (100 per cent), and the deep skin was sterilized in 36 tests 
(83 7 per cent) Of 43 control applications using the alcohol acetone aqueous 
diluent of merthiolate the surface skin was sterilized in 19 tests (44 1 per cent), 
and the deep skin was sterilized in 8 tests (16 6 per cent) In all cases the con- 
trol cultures taken after scrubbing inth soap and prior to application of the 
gernueides were positive 

Maintenance of Slin Antisepsis uith MeiUnoIatc-— In the tests reported 
above, and in fact in nearlv all work heretofore reported the immediate condi- 
tion of the skin i e whether sterile or contaminated, has been the only question 
mvolved It seemed desirable to inquire into the duration of antisepsis inasmuch 
as a long period of antibacterial action is often desirable especiallv m cases in- 
volvmg trauma with devitalization of the tissues and in certain operative 
procedures 

In order to determine the value of merthiolate m this connection two 
bilaterallv svmmetrieal abdominal skin aieas were prepared, as described pre- 
viouslv, m each of ten adult subjects One area was treated with merthiolate. 


Table IH 

COUPAPATIVE ilAlVTEVANCE OP SkiV ANTISEPSIS FOLLOWING XISE or MePTHIOLATE 


GEPiUCIDE 1 

NO or 1 

TEST 1 
sCBJECTSi 

SKTV TESTS ! 
MADE \rrEr , 

1 NO 

NO CON TAM 

STEEILEj INATEB 

COMPCTED NtrilBEE SKIV BAC 

TEPIA PLAVTED IV TCBES PEOV 

I\G SKIV COVTUIINATED 

tlerfhiolate, alcohol ! 

1 

10 1 

1 7 mm 1 

9 i 1 

40 

Tcetone aqueous ] 

i 10 ! 

1 hour 1 

S 2 

1 20 ,250 

1 1000 

10 , 

2 hours 1 

S 1 2 

10,200 Total 760 


1 10 1 

3 hours 

8 i 2 

10, 80 


1 10 

5 hours 

9 1 1 

1 

( 

150 

Tiiicturc lodme, 

1 10 

15 mm 

9 t 1 

i 500 

F S P 

10 

1 hour 

10 1 0 

1 0 


10 

2 hours 

1 9 1 

200 Total 790 


1 10 

1 3 hours 

j 9 , 1 

j 20 


1 10 

1 5 hours 

18 12 

40 30 


I ! , 1 


alcohol acetone aqueous 1 1000 and the corresponding area with tincture of 
iodine Suiface skm cultuies and deep skin cultures were taken at the end ot 
file minutes and appiopriate subcultures A\ere made A stenle gauze dressing 
vas then applied to each area and the subjects went about their usual work 
Cultui mg of each treated area was repeated after one two three and five hours 
Dining the time of the tests the tempeiature was aboie 90° F and some of the 
siibieets pcisinied freeh The results of these tests are summarized m Tabic 
III Thev indicate that both merthiolate and tincture of iodine maintain rela- 
tneh good antiseptic action under rather see ere conditions Those cultures 
taken after application of the germicide which proced positive originated from 
tolatnelv few bacteria as compared to the enormous numbers of bacteria reeoc 
ered from untreated skin Two of the ten subjects used m this evpenment 
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showed to^\ald the close of tlie five hour test period quite intense ervtlieina in 
the aieas treated vith tinctme of iodine The meitliiolate, alcohol acetone 
aqueous solution did not proioke any skin reaction It was legularlj noted that 
the abrasions made m mcrthiolatc (aqueous or alcohol acetone aqueous) tieated 
aieas foi deep skin cultuies healed more lapidly than similai abrasions in the 
iodine tieated areas This phase of the woik is the subject of a sepaiate report 
Moilnolate tn Fust Aid Shin Disinfection Piocediucs — Meithiolate, alco 
hoi acetone aqueous 1 1000 and tincture of iodine, U .S P have been used in a 
iiunibei of tests upon the untreated skin of individuals, utiliring areas such as 
the doisum of the hand and foot, shin, foieaim, and upper aim In these sub 
jeets previous Mashing Mith soap and vatci Mas omitted, and the tests did not in 
lolvc trauma It has been regularly found that the skin tieated Mith either 
meithiolate oi tincture of iodine is sterilized m a high piopoition of cases In 
those where eontamination remained, the number of sunuiiiig organisms ivas in 
finitely small compared to those piescnt m the normal skin These results are 
in accord Mith those listed in detail aboie, shoMing the efficiency of mcrthiolatc 
as a skin disinfecting agent 

SUMAIARY 

1 The efi!ectneuess of meithiolate (aqueous and alcohol acetone aqueous) 
m pieopeiatne and first aid skin disinfection is lepoitcd 

2 Artificial test conditions m ere ai oided bj 

a The use of the natural flora of the skin as test organisms 
b The employment of a technic as ueailj similai as possible to that used in 
regular clinical practice 

3 The tests indicate that merthiolate approaches the ideal geiniicide for 
skin disinfection procedures because of the folloMung properties demonstiated 
under conditions comparable to actual clinical use 

a High germicidal actn ity against surface skin organisms 
b High germicidal actmtv against deep skm organisms 
c Eapidity of skin disinfection 

d Maintenance of condition of antisepsis over a considerable pciiod of time 
e Noniiiitating to the most sensitne slau 

f Freedom from rapois irritating to the eves of the operators an 
attendants . 

g Promotion of healing of abrasions by actively stimulating tissue cc 

repair 

We are indebted to Dr G H A Olowes, Director of Besearcli, Eli DiIIj Companf, 
for counsel and suggestions during the course of this study 
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TEEATJVIENT OP RHEUJIATIC FEVER WITH A MAGNESIIBI 
CINCHOPHEN, IMAGNESrUM OXIDE (SIAGNEPHEN) 
PREPARATION*' 


B\ Edward Tolstoi, M D , and Doreen R Corke, jM D , New York Crrr 


T he medicinal treatment of rheumatic fe^el has been limited chiefly to 
salicylates and combmations of the phenylcmelionmic acid gioup These 
drugs in no way altei the com sc oi duiation of an attach, thei do, hoiveier 
permit a more rapid convalescence bv alleviating the joint pains, loveimg the 
temperatme, and also possibly by eliminating the intoxication^ It is now well 
established that even though the tempeiature appioaches the noimal level tind 
there aie no joint pains, actmty of the iheumatic mi us may be present under 
most adequate medication and CMdences of such activity aie leueocjdosis, m 
creased sedimentation time of erjihrocjdcs and men the deielopment of caidiac 
lesions ’ - Willie most of the time salicylates and the laiious phem Iciuchonime 
prepaiatioiis make the patient comfortable bj lelief of pain, the intoxication 
caused by these diugs offsets at times the adi outages obtained from their use 
The buzzing in the eais, headache, nausea, voniiting, and sometimes the diarrhea 
are most annoying and such sjmptoms may be produced eyeii bj small doses, 
depending on the sensitnity of the indnidual to the drug used 

To combat this disadi antage Lees* suggested the administration of sodium 
bicarbonate with salicylates He believed that their toxicity was i educed bv the 
combination This asseition, hoAvever, has not been substantiated bv others It 
has been the usual practice to use substitutes when cMdeiices of salicylate intoxi 
cation weie appaient Unfoi tiuiately such substitutes weie also without thera 
peutic value unless given in large doses which, too, were toxic Hanzhk* be 
Ilexes that the search for substitutes or deiwatives of these drugs is futile He is 
of the opinion that a better tasting and peihaps less soluble and less iiiitatinir 
combination may be evolved, but its effect max' not be so maiked as is noted by 
the use of the sabcylates or cmchophen prepaiations “Pull therapeutic e 
cieiiey and toxicity go hand in hand” and — ^“absence of toxicitx' means absence 


of therapeutic efficiency, ’ ’ states Hanzlilc 

While searching for a combination which w ould be less toxic and still hai - 
its full therapeutic effect, Barbour and Wmtei* have found that magnesium salts 
potentiate the activity of salicylates, and members of the phenylcinchoninic aci 
group These investigators found exudence that the magnesium salt of phenv 
emchoninic acid is less toxic for mice than the sodium salt They also obseive 
that the magnesium compound was a moie efficient antipyretic in fevered rabbits, 
and furtheimore the addition of magnesium chloiide to the magnesium com 


•From the Medical Ser\’lce Beekman Street Hospital 
Recened for publication September 24 1931 
These tablets are known comnierclalla as magnephen 
the courtesy of the Calco Chemical Compana 


and Mere supplied to us through 
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pound of phenvlcmclioninic acid produced moie marked onset of antipvresis and 
thev expressed the Meiv that it pointed to a temporary' smerpnsm of the 
compound 

■With such advantages claimed for a preparation, ue iverc anxious to use it 
m the treatment of eases of rheumatic feier uhich were under our care The 
magnesium compound of the magnesnini salt of phenvlcmchonmic acid ivas 
used This vas made up in tablets of grams (0 5 gm ) each thus making its 
adnumstration simple and enabling us to keep accurate records of the amount 
used Each tablet contained 4 grains ( 27 gm ) of magnesium cinehophen and 
3 grams ( 20 gm ) giains of magnesium ovide One hundred grams 
(6 6 gm ) of the neiv piepaiation aie actuallr equivalent to 45 grams (3 0 gm ) 
of phenvlcinehoninic acid Our series of eases is not i erv large The observa- 
tions, however, have been careful the data complete and the results so promising 
and uniform that we felt justified in presenting these cases so that others mav be 
encouraged to use these and other similar preparations 

There has been a tendency recentlv to avoid the use of cinehophen and it'^ 
various combinations, because of its bebeied toxic action on the liver Nu- 
merous pubbcations both in this eountri* and abroad haxe shown that a hepatitis 
and occasionally acute yellow atrophy of the bier result from the use of tius 
drug Barron® has shown that even 15 grams (1 0 gnu) can bring on an attack 
of shock within two hours His patient recovered Evans' reported three cases 
of hepatitis following the use of such preparations Among the other numerous 
reports in the more recent ones of Sutton® and Eabmowitz,® Parsons and Hard- 
mg,^® and Sherwood and Sherwood, more evidence is adduced both from per- 
sonal obsenations as well as complete reviews of the bterature, as to the toneity 
of these pieparations and particularly their predilection for bver damage, often 
With fatal lesults Churchill and Van Wagoner'® produced cinehophen poison- 
ing in dogs bv using 27 times the therapeutic dose These large doses produced 
acute gastric ulcers, and some bver damage, as was shoivn bv the dinumshed 
biei function Six of tbeir animals died When, however, the therapeutic dose 
of cinehophen uas fed, even though the kidnevs were artificiaUv damaged bv 
clamping the renal arterv no death resulted, hut only slight transient manifes- 
tations of bver damage Fishherg,” fed therapeutic and even toxic doses of the 
diug to labbits and was unable to find signs of bver damage either grosslv or 
microscopicallv He also administered a soluble cinehophen preparation to rab- 
bits by vein and could not demonstrate pathologic changes in the bver With 
reports that arc not quite unanimous and knowing that the phenvlcmchonmic 
group preparations haie been and are still used extensively, we felt that then 
damaging effect is far from constant It mav be that certain mdividuals are 
sensitno to them, and it is in such cases that the hepatitis results In other 
voids It IS not the drug hut the patient who is at fault The knowledge, liov- 
cicr, that untovarcl results max be brought about bv the use of tlie cinehophen 
group vai rants most careful xigilancc, and tlie earliest endenees of toxicitv 
such as anoiexin, xoinitmg, urticaria or laundice dictate their immediate diseon- 
timiaiico We Imxc used a cinehophen compound in the treatment of onr cases 
fulh cognwaut of tlic possible hazards and consequent]! most careful in 
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obsei rations and caie We insisted that oui patients haie ample eaibohrdrate 
in their diet This re felt alioided some piotection to the liver 

Even though we have treated seven eases of ihemnatic fever, we aie onlv 
leporting four in detail The othei tlnec rere tieated when we rerc not Aen 
familial with the diiig and we felt unjustified in subjecting acutely ill patients 
to CTpeiiment when an established remedy was at hand AVith the eailiei cases, 
thei efoi e, we r ere cautious in the administration of the ner preparation as we 
knew nothing of the dosage oi its by-effects on human beings We administered 
large doses of salicylates to the patients rhen thev reie acutelv ill and after 
then sjnnptoms reie consider ablj relieved we substituted the magnesium 
phenj Icinchoninic acid piepaiation At first re used 7^/^ grains (0 5 gm ) every 
four hours Since no tOAic effects reie noted, re graduallj inci cased tlie dosage 
to as high as 30 grains (2 0 gm ) every four hours In our limited evpeiience 75 
grams (5 0 gm ) to 00 giaius (6 0 gm ) per day were ample to produce tliera 
peutic effects without concomitant tovieity As we learned more about the 
preparation, we used it as soon as the cases were admitted, and the four eases 
we are presenting aie the results of such obsenmtions The cases here reported 
weie in the acute phase of the disease On admission each patient received the 
routine care and after a physical examination, blood examination for its coimt, 
sedimentation time and the ictertie index of the seium, the medication ras 
started The total dosage ras distributed throughout the day at four-hour inter 
vals Oui patients were kept on medication and in bed until all evidences of 
actmty were gone The temper atuie and pain were the first to respond The 
patients then felt well and asked for ceitam liberties, stating that they were well 
enough to be up Their i equests were rejected as long as there r as a leucocvtosis 
and an increased sedimentation time Wlien, however, the temperature dropped, 
the pain vanished, and the latter two criteria approached normal limits, the 
medication wms discontinued, the patient was allowed out of bed by degrees, 
and after a week oi ten days of further observation without anv medication, 
discharged 

Case 1 — (No 1503 ) A male Chinese laundryman, aged tliirty three, was admitted 
March 3, 1031 He complained of pams in tho left and right hips, Xnees, ankles, shoulders, 
and wrists for four dajs previous to admission, the pains were accompanied by dyspnea and 
cough, and a purpuric rash appeared on both legs No history of prenous attacks was oh 
tamed and there were no contributory facts, cither in his past or family history Temperature 
102°, respiration 22, pulse 136 He appeared acutely ill, was moderately dyspneic and slightly 
cyanosed The teeth and gums were in poor condition, the throat mjected, and the tonsils 
inflamed The heart showed a diffuse heavmg impulse and appeared enlarged to percussion. 
The sounds were forceful, totally irregular and rapid In tho pulmonic area a rough systolic 
murmur was heard Blood pressure 110/66 The liver edge was felt below the costal arch, 
the spleen was not felt Over both legs there were numerous ecchymotic areas, yarymg w 
size from that of a pinliead to that of a large pea There i\as tenderness m the joints but no 
swelling or redness Tho blood Wasserniann and blood cultures were negatiye Coagulation 
time seyen mmutes, bleeding time two minutes, clot retraction normal BBC 4,660,000, 
H B 0 70 per cent, W B C 6,800, with a practically normal differential count Sedimentation 
time was 30 per cent The electrocardiogram showed auricular fibrillation, poor electromotiye 
force and small upright T -naves The patient was immediately placed on “magnephen,” 75 
grains (5 0 gm ) daily The pain and tenderness disappeared within three days, and m 
cidentally, the purpuric rash began to fade Tlie temperature dropped to normal on the fourth 



TRCVTSIENT or RHETjJI VTIC FE\ER 


453 


dav and the heart rate was 90 the slower heart rate, CMdences o£ matral stenosis arcrc 

made out Tor seven davs he was comfortahle He then developed a red throat and an abscess 
of the gum above the upper left second bicuspid This was incised, following winch t e 
temperature dropped to normal, remaining at this level until discharged March 28, twenty 
five davs after admission, medication was discontinued as the temperature had been normal for 
ten davs and the lencocj-tc count was 7,000 with the sedimentation time of d per cent, and 
on discharge, April 9, it was again 3 per cent This patient had ingested 1,873 grains fl-5 0 
gm ) of the preparation and at no tune were there svmptoms of toacitv and the icteric index 
on discharge was o 

Case 2 — (Xo 15611 ) An Itahan bov thirteen rears old was admitted on rebruarr 27, 
1931, complaming of pams in the knees, ankles, wrists, and small joints of the hands for ten 
davs The present attack was initiated bv a sore throat and cold m the head There was a 
history of a previous attack of rheumatic fever three years before and the patient was under 
observation m the out patient department Other than a svstolic murmur ou his former ad 
mission, uo abnormalities of the heart were recorded He had had measles m earlv childhood 
and a tonsilleetoniv when three vears old The phvsical esamination revealed a well nourished 
and well developed pale boy The prevaouslv observed svstolic blow at the cardiac apex was 
noted, the hver was just palpable and there were swelling and tenderness in both ankles and 
the right thud metacarpophalangeal jomt On admission white count was 12,500 with 72 per 
cent polvs The IVasserniann was negative and the unnalvsis revealed a trace of albumin 
He was treated with sodium sabeylate, 90 grains daih, as his temperature was 10-1'’ and he 
was obmonslr m the acute phase of the disease "We preferred sabcvlates at first here, since 
we were eager to bimg about symptomatic relief rapidiv and did not feel justified in expen 
menting with a drug about which we knew little On the thud day he was practically 
symptom free, on the fifth dav the temperature dropped to normal and on the seventh dav 
medication was stopped About a week after medication was discontinued the IV B C were 
14,750 and three davs later the temperature rose above 100°, being accompanied by pam in the 
small joints At this tune the magnesium preparation 75 grams (5 0 gm ) dailv was used 
instead of salicylates The sedimentation tune was 50 per cent Following the administration 
of the drug subjective improvement was noted almost inunediatelv The temperature oscillated 
between 98 2° and 100 6° for eighteen davs xn spite of the medication The leucocyte coimt 
was dropping, being 11,300 on April 7 and the sedimentation test was 25 per cent at about 
the same tune The amount of the drug was then increased to 90 grams (6 0 gm ) daily, 
causing 1 drop m temperature to normal and after ten davs of normal temperature a lencoeyte 
count of 9,900 and a sedimentation tune of 11 per cent, the patient was allowed out of bed and 
discharged a few days later Xo nausea, rmgmg m the ears, jaundice, or urticaria were noted 
and the icteric index on discharge was o units The patient had mgested 1,425 grams 
(95 0 gm ) of magnephen 

Case 3 — (T Y ) \ white man fiftv vears old, a pamter, was admitted on May 2, 1931, 
because of fever and pam and swelling m the wnsts, ankles elbow jomts, and knees Xo 
redness was noted bv the patient These svmptoms were present for a short tune before ad 
mission He stated that durmg the past twentv years he had had attacks of “rheumatism” 
and three i ears ago had had a tonsUlectomv Venereal mf eetion was denied 

Tlic admission temperature was 101° The patient, who was well nourished, was m pam 
and could not move his hands or feet The teeth were m poor condition, and small tonsiUar 
tags were present The heart and lungs revealed no abnormalities, blood pressure 114/72 
There were swelling and tenderness about the right wnst, elbow, and left ankle Xo ab 
normalities wire noted m the red blood cells bv count or morphologv on four studies The 
admission 5\ B C were G SOO and at no time was there a rise noted. The sedimentation tune 
wis 43 per cent on admission, the respective weeklv determinations subscqueutlv were IS per 
c<nt, 10 per cent iml 4 per cent The blood Massermann was negative and the ictcne index 
4 units both at the beginning and at the end of the treatment This patient was given 75 
grams (10 gm ) magnesium pht nvlcmchoninic acid preparation dailv, m 11 gram doses As 
his pams were quite severe he was given codeine >. gr even four hours for the first twelve 
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observations and caie We insisted that oiii patients have ample caihohi drate 
in their diet This ve ±elt afforded some piotection to the livei 

Even though we have treated seven cases of iheumatic fever, vc arc onh 
reporting four m detail The other three -were treated when we vere not lerj 
familiar with the drug and v e felt unjustified in subjecting aeutelv ill patients 
to experiment vlien an established lemedj’’ vas at hand With the eailiei cases, 
theiefore, ve veie cautious in the administration of the new prepaiation as ve 
knew nothing of the dosage oi its bj' effects on human beings We administered 
large doses of salicylates to the patients when they vere acutely ill and after 
their symptoms were consideiably relieved we substituted the magnesium 
phenyleinclioninie acid pncpaiation At first we used giains (0 5 gm ) eiery 
four hours Since no toxic effects vere noted, ve gradually increased tlie dosage 
to as high as 30 grains (2 0 gm ) every four liouis In our limited experience 75 
grams (5 0 gm ) to 90 giains (6 0 gm ) pei daj were ample to produce tliera 
peiitic effects without concomitant toxicity As we learned more about the 
preparation, ue used it as soon as the cases were admitted, and the four eases 
we are presentmg arc the results of such observmtions The cases here reported 
were in the acute phase of the disease On admission each patient received the 
routine care and, after a physical examination, blood examination for its count, 
sedimentation time and the ictertie index of the seium, the medication was 
started The total dosage w as distributed thi oughout the day at four-hour inter- 
vals Our patients were kept on medication and in bed until aU evidences of 
activity were gone The tempeiatuie and pain were the fiist to respond The 
patients then felt well and asked foi ceitain liberties, statmg that they were well 
enough to be up Their requests were rejected as long as there was a leucocvtosis 
and an increased sedimentation time When, hovi'ever, the temperature diopped, 
the pain vanished, and the latter two criteria approached normal bmits, the 
medication was discontinued, the patient was allowed out of bed by degrees, 
and after a week or ten days of further observation wathout any medication, 
discharged 

Case 1 — (No 1563 ) A male Cliinese laundryman, aged tliirtv three, was admitted 
March 3, 1031 He complained of pains in the left and right hips. Knees, ankles, shoulders, 
and vrrists for four days previous to admission, tho pains ivere accompanied by dyspnea and 
cough, and a purpuric rash appeared on both legs No history of previous attacks vas oh 
tamed and there were no contributory facts, either in his past or family history Temperature 
102°, respiration 22, pulse 136 He appeared acutely ill, was moderately djspneic and slightly 
evanosed The teeth and gums were in poor condition, the throat injected, and the tonsils 
inflamed The heart showed a diffuse heaving impulse and appeared enlarged to percussion 
The sounds were forceful, totalh irregular and rapid In the pulmonic area a rough systolic 
murmur was heard Blood pressure 110/66 The liver edge was felt below the costal arch, 
the spleen was not felt Over both legs there were numerous ecchymotic areas, varymg m 
size from that of a pinhead to that of a large pea There was tenderness in the joints but no 
swelling or redness The blood Wassermann and blood cultures were negative Coagulation 
time seven mmutes, bleeding time two nunutes, clot retraction normal BBC 4 , 660 , 000 , 
H B O 70 per cent, W B C 6,800, with a practically normal differential count Sedimentation 
time was 30 per cent The electrocardiogram showed auricular fibrillation, poor electromotive 
force and small upright T waves The patient was immediately placed on “magnephen,” 75 
grains (S 0 gm ) daily The pam and tenderness disappeared witlim three days, and m 
cidentaUy, the purpuric rash began to fade The temperature dropped to normal on the fourth 
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day and the heart rate ■sras hO With the slower heart rate, cndcnces of mitral stenosis were 
made out For seven davs he was comfortable He then developed a red throat and an abscess 
of the gum above the upper left second bicuspid This was incised, following ^which the 
temperature dropped to normal, remaining at this lc\cl until discharged March 2S, twenty 
five days after admission, medication was discontinued as the temperature had been normal for 
ten days and the leucocyte count was 7,000 with the sedimentation time of 5 per cent, and 
on discharge, April 0, it was again 5 per cent This patient had ingested l,S7o grains f 125 0 
gm ) of the preparation and at no time were there symptoms of toxiciti and the icteric index 
on discharge was 5 

Case 2— (Xo 15611 ) An Ifaban boy thirteen years old was admitted on Febmary 27, 
1931, complaming of pains in the hnees, ankles, wrists, and small joints of the hands for ten 
days The present attack was initiated b\ a sore throat and cold in the head There was a 
history of a previous attack of rheumatic fever three icars before and the patient was under 
observation in the out patient department Other than a svstolic murmur on his former ad 
mission, no abnormalities of the heart were recorded He had had measles m earlv childhood 
and a tonsillectomy when three years old The physical examination revealed a well nourished 
and well developed pale bov The previously observed svstolic blow at the cardiac apex was 
noted, the Uvet was just palpable and there were swelling and tenderness in both ankles and 
the nght third metacarpophalangeal joint On admission white count was 12,500 with 72 per 
cent polvs The Wassermann was negative and the unnalvsis revealed a trace of albumin 
He was treated with sodium sahcvlate, oo grains daih as his temperature was 104° and be 
was obyionslv in the acute phase of the disease We preferred sabcvlates at first here, since 
we were eager to bring about symptomatic relief rapidly and did not feel justified in expen 
mentmg with a drug about which we knew little On the third day he was practically 
symptom free on the fifth dav the temperature dropped to normal and on the seventh day 
medication was stopped About a week after medication was discontinued the W B C were 
14,750 and three davs later the temperature rose above 100°, being accompanied bv pain in the 
small joints At this time the magnesium preparation 75 grains (5 0 gm ) daily was used 
instead of sabcvlates The sedimentation time was 50 per cent FoUowmg the administration 
of the drug subjective improvement was noted almost immediately The temperature oscillated 
between 9S 2° and 100 6° for eighteen days in spite of the medication The leucocyte count 
was dropping, being 11,300 on April 7, and the sedimentation test was 25 per cent at about 
the same time The amount of the drug was then increased to 90 grams (6 0 gm ) daily, 
causing a drop m temperature to normal and after ten davs of normal temperature a leucocyte 
count of 9,900 and a sedimentation time of 11 per cent, the patient was allowed out of bed and 
discharged a few davs later Xo nausea, ringing in the ears, jaundice, or urticaria were noted 
and the icteric index on discharge was 5 units The patient had ingested 1,425 grains 
{95 0 gm ) of magnephen 

Case 3 (T T ) A white man fifty years old, a pamter, was admitted on May 2, 1931, 
because of fever and pain and swelling in the wnsts, ankles, elbow jomts, and knees Xo 
redness was noted bv the patient These symptoms were present for a short time before ad 
mission He stated that durmg the past twenty years he had bad attacks of “rheumatism” 
and three years ago had had a tonsillectomy Venereal infection was denied 

The admission temperature was 101° The patient who was well nourished, was in pain 
and could not move his hands or feet The teeth were m poor condition, and small tonsiUar 
tags were present The heart and lungs revealed no abnormabties, blood pressure 114/72 
There were swelling and tenderness about the right wrist, elbow, and left ankle Xo ab 
iiorniabtics were noted in the red blood cells by count or morphology on four studies The 
ndi)us>iion M B C were C SOO and at no tune was there a rise noted The sedimentation time 
was 45 per cent on admission the respective weekly determinations subsequently were 18 per 
cent 10 per cent and 4 per cent The blood Wassermann was negative and the ictcne index 
4 units both at the beginning md at the end of the treatment This patient was given 75 
grams (50 gm ) magiKs.um pheny Icmchonmic acid preparation dadv, la ly gram doses As 
his pains were quite severe, he was given codeine t. gr every four hours for the first twelve 
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hours Within tiveiitA four hours the tempcnturc bccinio noritnl und rcmaiued so for the 
rest of Ills Iiospital stny Tlie swelling ind tenderness disappeared from the lomts involved, 
by the third da} He frequently complained, hoivcier, of pain in the aiihles, hnees, mists, and 
elbows Ho swelling or tenderness atcompamed these pains The magiicphen was then m 
creased to dO grains (C 0 gin ) on May 14, d iilj, with the consequent relief of pain The drag 
was discontinued on Mav 2S, 1931 This patient received a total of 2,130 grains (142 gm ) 
and at no time were tovic svniptonis observed After he was free of snnptoms tonsillar tags 
were remoied and he was then discharged on June 15, 1931 

C\SE 4 — (Hospt Ho 15S10 ) On March 25, 1031, a thirtv eight year old Italian was 
admitted because of pain in the right knee and shoulder He had been ill for three days and 
the above symptoms wore accompanied bv a sore throat, loss of appetite, and fever The 
physical exaniimtion revealed a well nourished male whose teeth were in poor condition, the 
throat congested, the tonsils small, red and cryptic The heart and lungs presented no ab 
normalities The right knee and shoulder yoiiits were tender and hot Tliere was considerable 
bmitation of motion, but no swelling The red blood cells revealed no abnormalities The 
white count was 15,000 vvath a 73 per cent poly count The blood Wasscrmaiin was negative 
Blood sugar 80, nonprotein nitrogen 40 The icteric index was 4 and the sedimentation time 
50 per cent The uriiio revealed nothing nbnorni il On admission in the acute phase with 
sarere joint puns and a temperature of 103°, he w is placed on 75 grams (5 0 gm ) ot mag 
nephen in 15 gram doses Symptomatic relief wis noted in three davs and the temperature 
was normal in five The sedimentation time, however, was still high, 25 per cent The medi 
cation was, therefore, continued for eighteen davs in spito of the normal temperature, until 
both the leueocvte count and sedimentation tiiiio became normal, 8,200 and 5 per cent, 
respeetneh The medication was then discontinued and he was allowed out of bed 
Ho toMc symptoms were noted it am time, even though the patient had taken 1,575 grams 
(105 gm ) of the medication 


SUMMARY AND CONCLUSIONS 

Fiom data of tlte case repozts xt is obtious tliat tlie magnesixim cmchoplieo 
with the added magnesium oxide fulfills ceitam desideiata, iiamelv, autipnosis 
analgesia and fieedom fiom toxic symptoms, even when administered m theia 
peutic doses The magnesium appaiently intensifies the phenv Icmchonnuc acid 
effect, thus makuig smaller dosage adequate and consequently the medication 
need not be pushed to a point of tovaeity before symptomatic lelief is obtained 
It IS also apparent that this preparation does not cause cessation of activity as 
the leucocytosis and elevated sedimentation tune peisist, in spite of the alievia 
tion of sjonptoms We have given the magnesium pheiiy, leinchoninic acid 
(magnephen) compound in large doses The fiist patient leceived 1,875 giains 
(125 0 gm ) ov'er a peiiod of 25 days, the second case had 1,425 grains 
(95 0 gm ) , the thud 2,130 giains (142 0 gm ) over 26 days, and the foiiith 
1,575 grains (105 0 gm ) oyer a period of about 25 davs In none of these were 
there evidences of ding toxicity We feel that tliese results aie sufficiently en 
couraging to wan ant fuither careful study of the magnesium phenvdciuchonnuc 
acid compound which pi onuses to do all that is claimed for salicylates and cm 
eliophen in the treatment of iheumatic feyer, without piodueing any disagiee 
able or toxic symptoms We have not studied the effect of this piepaiation on 
the kidney The uiiues of om patients on dischaige lev ealed no abnormalities to 
cause fmthei tests of lenal function We have also kept in mind the leports ot 
the occasional haimfnl effect of phenrlemeliomnie acid piepaiations on the liver 
The patients vyere ohseryed foi evidences of jaundice and the icteiie index was 
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done on admission and discliarge No endence of liver injiirv vas noted clin- 
icallv, and the icteric index showed no change after the ingestion of considerable 
quantities of the drug 

From our clinical studv of seien cases of rheumatic fever, four of which 
we have discussed in detail, ve offer the following conclusions 

1 Magnesium oxide in combination mth magnesium cinehoplien (magne- 
phen) is an effective antipvietic and analgesic m the treatment of rheumatic 
fever 

2 The therapeutic dose, because of the magnesium potentiation is much 
smaller and does not produce toxic snnptoms 

3 Large doses such as 2,130 grains (142 gm 1 over twentj'-six days were 
well tolerated 

4 This preparation does not influence the actn ity of the rheumatic virus 
as IS evidenced by a persisting leueoeytosis and an increased sedimentation time 
It produces symptomatic relief bi reducing the temperature and relieving the 
arthralgia 

5 The advantage of the preparation is the absence of toxicitv, when ad- 
ministered m therapeutic amounts This has been our experience with the cases 
studied 
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THE PREDIABETIC STATE ITS TREATMENT BY THE LOW 
CARBOHYDRATE DIET AND THE REDUCTION OP WEIGHT"^ 


By James D Tinlr, MD , Ceifton Speixgs, N Y 


TVyrANY Avriteis recognize in the obese an incipient impairment of carbohy- 
-*■ drate metabolism ■wbicli is knoivn as the piediabetie state ^ The predispo- 
sition of the obese to diabetes mellitus is a generally accepted fact- Numeions 
cases of diabetes must have had their beginning in a state of obesitj with a sim- 
ilai impaiiment of function The question of proper prophylaxis for this group, 
against diabetes, logically aiises 

This should consist, theoreticallj*, of a i eduction in ■weight and a lo'w caibo- 
hydrate diet so that the metabolie appaiatus maj’’ reeovei its function The 
amount of bod'v tissue to be maintained Mill thus be lessened and the ingested 
carbohydrate to be metabolized ■wall be loivered Whethei oi not this therapy is 
successful can best be determined by repeated tests of the caibohj drate tolerance 
The Brill test meal of 100 grams of carboh'^ drate, 26 grams of protem and 
27 grams of fat is used as a test of the carbohj^ drate tolerance in this clinic ® ^ ’ 
It is giyen as a breakfast in the fasting state A blood sugar is taken by veni- 
puncture immediately before and again tno houis folloiiing the ingestion of the 
meal The night urine is collected one hour before the test, nhile that for the 
four hours follo'wing makes up the second specimen The blood sugai ^ alues are 
determined by the Benedict copper method, the normal leading of ■which is 
70 to 90 mg per 100 c c of blood ® The test is considered noimal if a blood 
sugar of 100 mg oi less is attained in the second blood specimen taken two hours 
after the meal 

In Table I ten eases of obesity ivith an impaiied tolerance aie piesented, 
hence prediabetics, as determined by the above method AU eases have been 
thoroughly studied in this cbnic and none recorded in which were found factors 
that were knoivn to affect the test The heights and ■weights Mere deteimined 
minus clothing and without shoes Piom these, and a normal standaid,'' the 
percentage overweight was calculated The age given in each ease is that at tlie 
first toleiance test After a varying period on a restiicted Iom caibohvdrate 
diet during which weight was lost, the meal was repeated and the improved 
toleiance found as tabulated in each second test of Cases 1 through 10 

The rationale of the ti eatment is further justified by consideration of Cases 
11 and 12 (Table I) both of which demonstrate tlie loss of tolerance for caibo- 
hydrate through lack of diet and mci easing obesity 

It would appear that the carbohydrate tolerance of the prediabetic can be 
improved by the reduction of weight and proper diet and that it depreciates ■with 

•From the Diabetic Ser\ice of Dr F R ■Wright at the Clifton Springs Sanitarium 
and Clinic 

Received for publication October 11 1931 
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gam m weight and dietam mdiseretions The lelatue impoitance of the lovr 
carholndratc diet and the reduction of n eight needs no discussion Observance 
of the fiist, obMates the second and, to this nnter, is paramount 

These facts should be hi ought to the attention of the obese and prediabetic 
It IS onh by such pzophvla\is that a large group mar be saied fiom future dia- 
betes mellitus 
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CONCLUSIONS 

1 Repeated carboliydrate toleiance tests on the obese and piediabetic 
demonstrate that tolerance depreciates "with increasing weight and withont a low 
carbohydrate diet, but that it improves with loss of weight and a diet low in 
carbohydiate 

2 It IS suggested that the obese and prediabetie be warned of this danger 
and advised of the necessity of i eduction of weight and a restricted carbohydiate 
intake 

3 The development of diabetes mellitns in a large group might be prevented 
by these measures 
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THE STERILIZATION AND STANDARDIZATION OP PAPAIN 
PREPARATIONS INTENDED TOR SURGICAL USE* 


By Robert P AV \lton', Pii D , New Orleaxs, La 


P ROTEOLYTIC cnzj-mes are being used bj' Ocbsnei and Garside^ and others 
as a surgical means of prei euting the reformation of peritoneal and pericar- 
dial adhesions According to this procedure adhesions are divided by surgical 
means, and then leformation pieiented by the presence of weak protease solu- 
tions The fibrinous exudate is presumably digested to such extent as to prevent 
the formation of fibious tissue In contrast to trvpsin, papain preparations have 
proved much more suitable in that thev are more consistently efteetive and, 
further, are effective at spectaeularlv low aetmtv concentiations ^ This is ap- 
parentlv due to the maikedly greater stabibty of the legetable enzyme, papain 
m aqueous solution and to its capacitv to act uninhibited in the presence of 
serum Quantitative comparisons of this sort and comparatn e rates of deteriora- 
tion in the peritoneal cantv, as determined by methods described here, are re- 
ported m another communication - 

This paper describes the sterilization procedure, the storage behavior and 
the aetivitv standards of papain preparations which are being used for experi- 
mental and ebnieal work 


1 preparatiox of a sterile product 


In a previous report® sterile and stable trvpsin preparations were con- 
vemently obtained by two procedures These have been apphed in the case of 
papam with varjung success The first, which consisted in pressure filtration of 
a glycerine extract of the powder through Berkefeld filters, was discarded be- 
cause of the relatn e instability of the gh cerine papain filtrate The second pro- 
cedure, vhich consisted m a similar filtration and subsequent precipitation of the 
active powder mth alcohol and ether under sterile conditions, presented no un- 
expected difficulties when apphed to papain and the stabibty of the resulting 
powders uas found to be entirelv adequate The firm of Parke Davis and Com- 
pani' haie cooperated in developing a product of this latter type intended for 
clinical use 


Glycoin Papam Filiiates — ^In the same way as with tiwpsm, glvcerine ex- 
tracts of papam filtered by pressure through Berkefeld filters (N) funushed 
products of uniform actmty Usmg 5 gm of powder dissoh ed or suspended m 
100 c c of 60 per cent glycerme, the actimty of the filtrate is such that about 
22 c c^ IS equal to one gram of the dry pou der 

+1 . 'Assays on 12 different lots oier periods up to four months showed 

mt n t rates stored open in the refrigerator aieragcd a 50 per cent activity-loss 
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in one month, Mhile ampouled filtiates stored in the icfrigeiatoi a\eraged a 50 
pel cent actmty-loss in foni months The rate of deterioiation iias obseived by 
tivo methods to he desciibed in Section 2 One is based on the time required to 
disintegrate appi oximately equal amounts of glycerine-stored fibrin and the 
othei IS expressed as units of activity necessary to dissolve the gelatine on a stiip 
of photogiaphic film 

A tyqncal filtiate stored open in the refrigeiator showed initially a "fibiin 
digestion time” of one and eight-tenths hours, after six days, two and tuo-tenths 
hours, after fouiteen days, three and one-half hours and aftei ninety days, 
eight hours In each digestion test 0 5 cc of the filtiate uas used Using tins 
amount of filtrate, the “fibrin digestion time” for several fieshly prepared lots 
was consistently within the limits of one and one-half to tvo hours As these 
latter tests ranged oiei a period of four months, it is considered that the digesti- 
bihty of the glycerine stoied fibiin was not much alteied 

Using the photographic film method and expressing actmtj in arbitrarily 
defined units the same tjqie of storage behavioi was noted Fresh pieparations 
exhibited 45 to 48 activity units pei cubic centimeter Typical assays on filtrates 
stored open in the refrigerator showed the following unitages per cubic centi- 
meter nine days, 42 units , nineteen days, 31 units , thirty-five daj s, 24 units , 
one hundred and five days, 20 units 

A lesser number of observations (about 10) were obtained witli filtiates 
stored in sealed glass ampoules The average indicated a slower late of dete- 
rioration than open pi eparations 

Although considerable variations were observed in the deterioiation rate of 
various specimens, the results were sufBciently consistent to indicate the inadvis- 
ability of glycerin filtrates foi general clinical use Because of the convenience 
of preparation and use, howeier, this type of pioduct has been useful in laboia- 
tory expeiimentatiou 

That the activity of ti^qism in gtyceiin solutions is much more constant was 
indicated in the prenous lepoit and has since been supported by furthei observa- 
tions One ampouled specimen, for instance, stoied in the refiigeiatoi foi eight 
months exhibited an activity-loss of less than 10 per cent 

No expeiimental explanation was developed toi this lesser stability of papain 
on storage m glyceim although some unsuccessful attempts were made Contact 
with mercury vapor for one month at ice chest tempera tuies indicated no par- 
ticular inactivation from this source Slow sti earns of oxygen and of carbon 
dioxide bubbled thiough the solutions for twelve and fifteen hours at ordinary 
tempeiatures did not cause an activity-loss gi eater than 10 per cent lATien 
poured in shallow dishes and exposed to ultraviolet rays foi tw'o hours, the same 
order of stabdity was noted The aqueous glycerin solutions at 60 per cent con- 
centration were shown not to undergo dilution bj’' absoibed moisture undei the 
usual conditions of storage 

Filteied and Pi ecipitated Papain Powdeis — According to this procedure, 
aqueous or 60 per cent gtyceiine solutions of papain ivere filtered as befoie, pre- 
cipitated with 5 volumes ethyl alcohol, treated successively with anhydrous 
alcohol and anhjdrous ethei and allowed to dij in a desiceatoi containing, sep- 
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arateU concciit rated sulphuric acid and sticks of alkali feeparation of the 
po\sdcr from the suspension liquid is best effected by centrifuging Ordinarily, 
SO to 90 per cent of the filtrate aetiMti can lie recovered in the precipitate 
Chlorctonc or acrifiaMnc can bo used as precautionarv antiseptics, since they 
haie onli a lery slight effect on papain activity 

In that these operations required steiile technic throughout, the laboratory 
preparation m as most com enientU effected bv placing one to tivo e c quantities 
of filtrate in ordinarj test tubes and carrjung out the operations of precipitation, 
centrifuging and drmng in the same tube in nluch it was nltimatelv sealed for 
use This nas possible since these quantities represented as much or more than 
the usual therapeutic dosage 

Preparations of this sort exhibited the normallv expected stability as de- 
termined over periods up to fort-s -five davs One preparation stored for twenty 
davs at 50° m a sealed ampoule exhibited an actmty loss not greater than 
10 per cent 

According to the method non used by Parke Davis and Company aqueous 
extracts are prepared by overnight contact, filtration and precipitation with 
methvl alcohol Other details are much the same as described above These 
products are more completely soluble than the untreated powders and the rela- 
tion of protem-dissolving actmty to protem-hydrolyzing actl^^ty is distinctly 
greater than with the untreated powders These latter relations are given in 
Section 2 The protem-dissohnng activity of these sterile powders now being 
used in the laboratory and in the clinic, corresponds roughlv milhgram for milli- 
gram, to that of the unstenlized stock preparations This is a matter of con- 
lenienee in expressing activity as most of the surgical and pharmacologic work 
done here has been based on either one or the other of these two products 

With the expectation of simplifying the preparative procedure, observations 
were made as to the storage heha\uor of the precipitate vhen allowed to remain 
m contact with the precipitating alcohol The deterioration rate was someuhat 
greater than that of the glycerin filtrates but of the same general order One 
preparation, for instance, kept sealed m the lee chest for thirtv-five days, showed 
a change of “fibrin digestion tune” from three to six hours These observations 
haie an incidental inteiest in demonstrating that the papam precipitates are not 
markedh affected bj the presence of the precipitating alcohol Accordingly 
time of contact with alcohol is not an important factor lu standardizing' the 
preparative procedure 

Stcrdizahon by Caibon Disulphide — ^Recentlv, Vande-velde"* has reported ef- 
fectnc sterilization ot enzyme powders by prolonged treatment with freshlv dis- 
tilled CSe at ordmarj temperatures Periods of several dajs were considered 
adequate, although in an earlier report” six weeks of contact were emploved in 
sterilizing flours No statements are gnen as to the number and tj-pes of bac- 
terial contaminants Prom the following observations it is seen that the method 
as dcscribccl, is not suitable for the sterilization of papain powders when hmhlv 
contaminated mth B subtilis * 
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Portions (100 mgm ) of untreated powdei from the same lot throughout 
Avere weighed into sterile test tubes and coA'eied with about 6 c c of CSn The 
tubes, already drawn out, Mere sealed by flame Aftei standing for Aarious 
peiiods of time, the tubes weie broken and the CSs alloued to evaporate under 
the piotection of steiile cotton plugs The pouders were dissolved in sterile 
water and 1/10 of the solution cultuicd on agar plates The lesults are given in 
Table I 


Table I 


TIME OF 
CONTACT 

CARBON 

DiSTTLPmDE 

COLOXIES per 100 MO 

X EHTRAL AGAR MEAT DIGEST AGAR 

AT PH 7 6 

— 

Blank 

1300 


5 days 

Ordinarj CS 

2000 


60 days 

Ordinarj CS 

450 

350 

30 days 

Freshly distilled 

620 


45 days 

Freshly distilled 

360 

100 

45 days 

Freshlj distilled 

350 

270 


Once Avben this proeedui e m as modified bj the addition of intermittent heat 
exposure, complete steiilization vas obtained Diiimg the fiist week of a thirty- 
day storage period the sealed tube, containing the poivder under freshly distilled 
CSo, Mas kept at a tempeiature of 56° foi a total of thirty-five houis in five in- 
termittent periods The effect of this latter tieatment on pioteolytic activity 
was not ascertained, although it was shown that fii e- to six-day contacts did not 
diimnish activity 

2 DEFINITION OP STANDxVRD ACTIVITY 

Drug houses have assayed papain prepaiations by a method uivolvmg the 
digestion of laM meat It was considered desirable to add anothei definition of 
actmty based on a moie unifoimly reproducible substrate and based on a defi- 
nite chemical change Foi this purpose “Coignet’s Sihei Label Gelatine” Mas 
used and the extent of proteol 3 Sis ascertained by foi mol titrations before and 
after digestion 

Tmu further methods of assaj^ do not furnish as leproducible definitions of 
activity since thej' iveie more directlj' intended as methods adapted to the other 
phases of these studies The first, the deteimination of ‘‘fibrin digestion tune,” 
provides only an approximate estimation of activity, but is relativety simple and 
convenient The second, termed the photographic film method, is more exact and 
gives lesults in direct units of actixity, but must be referred to the actmty of 
some standard powder 


Table H 


MEDIUM 

PHOTOGRAPHIC FILM UNITS 

PER GRAM OF PAPAIN POWDER 


Distilled Viter 

220 


Sodium citrate solution (1%) 

1,000 


HON solution (0 15%) 

1,850 


H S solution (0 15%) 

8,100 
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In each of these luethocls, sodium citrate was used since it is one of the more 
conrenient of the socaUed “actuators ” The relatixe influence of such sub- 
stances is indicated by figures shox\n in Table II 

With fibrin digestions the same order of relations is obtained but the differ- 
ences are not so marked 

Commei cwl Assaij — The mctliod employed by Parke Dans and Company in 
standardizing then papain preparations is as follows, according to their descrip- 
tion Ten grams of shredded lean raw beef is mixed with 0 325 gm of papain 
and 50 c c of water Digestion is cairied out for six hours at 52-55°, the bottle 
being shaken gently for one minute every fifteen minutes At the end of diges- 
tion the contents are poured into graduated tubes and allowed to settle With 
standard, market preparations the undigested residue measures about Tee 

Formal Titiatwns of Gelatine Digestions — ^Five per cent solutions of air- 
dried gelatine containing 13 5 per cent moisture (determined by drying to con- 
stant weight at 110°) were prepared bj heating at 37 5° and were alwars used 
immediately Twenty c c of this solution was mixed with 18 c c of a 5 per cent 
solution of sodium citrate crystals (U S P ) and 2 c e of X/10 NaOH and the 
mixture brought to a temperature of 37 5° in a thermostat, whereupon 20 c c of 
a 2 0 per cent unfiltered suspension or solution of the enzyme preparation was 
added After digestion for ninety minutes, 50 c c of the mixture was withdrawn 
and added to 50 c c of 37 per cent formaldehyde solution not quite neutralized 
to phenolphthalein Using phenolphthalein as an outside indicator, this mixture 
was titrated with N/10 alkali and the titration of a blank subtracted Blanks 
were obtained by carrying out the same incubation with boded enzyme prepara- 
tions The actmtr of stock preparations of Pairchdd's trypsin and of Parke 
Dayis’ untreated papain is represented by a titration change of 10 80 ec and 
3 70 cc N/10 alkah, respectively The actmtv of two lots of Parke Davis’ 
stenlized papam was represented by a titration change of 2 30 c c N/10 alkali 
iloisture content of the untreated trj-psin and papain was 7 2 per cent and 5 9 
per cent, respectively, as determined bv drying to constant weight at 110° 

Determination of “Fibnn Digestion Time ” — Glycerme stored fibrin of 
beef blood, in amounts corresponding to 40 or 50 mg when oven-dned was 
washed free of glycerine, shredded with a scalpel and the moist fibnn introduced 


mto 10 c e of digestion mixture Digestions m dupbeate or tripbeate were ear- 
ned out m a 1 0 per cent solution of sodium citrate crystals (U S P ) at a temper- 
ature of 40° The time for an estimated dismtegration of 70 per cent of the 
shreds is taken as the “fibnn digestion time ” After disintegration is once evi- 
dent, complete disintegration follows rapidh Disintegration without complete 
solution IS the usual course with papain digestions at this temperature At 
higher temperatures, 70°, for instance there is no residue of disintegrated shred- 
Tlie standard preparations showed the following “fibnn digestion times” l-‘?50 
Parke Dams’ papain (stenlized) 1 S hr , J-250 Parke Daws’ papam (un- 
treated), 2 0 hr , 1-1,000 Fairchild’s trypsin 0 6 hr 

Fhotoginpliic Film Mrlhod — The procedures described by Gate^’’ and h\ 
1 mm and Cowgiir hme been adapted to the requirements of these studies 
le method has the adnntage ot being relatuely quantitatne and rapid at yerv 
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low activity concentiatious and is uniquely suited to tlie deteiininatious of protc- 
oljdic activity at concentiatious (1-15,000 papain) wliicli appioacli the condi- 
tions of clinical use - jMeehanical features veie essentially the same as used by 
these authois except that cheap alloy wedding lings of 19 mm inside diameter 
were used in place of coppei niie lings Eastman Dupli-tized Snpeispeed X-rav 
films, sensitized by fifteen seconds exposuie to a 15 watt Mazda bght bulb at a 
distance of 26 inches, were developed for two minutes in Eastman x-ray de- 
velopei and immersed in the fixing solution for four mmutes The gelatine 
emulsion was stripped from one side of the film with warm water, piecautions 
being taken to leave the othei side unaffected As the films were of 14 by 17 inch 
dimensions, they fuimshed a considerable numbei of single strips of reasonably 
uniform resistance Digestions weie earned out m a theimostatieally legulated 
natei-bath conti oiled to 0 05° 

Results were aibitrarily expiessed on the basis of a definite activity con- 
centration, 1 e , that concentration which wdl conveit the photographic film to 
one-half of its original photometiie reading upon digestion foi foitv mmutes at 
27 50° m a solution of 1 pei cent sodium citrate crystals (U S P ) This concen- 
tration being taken as unity, the unitage per gram of povdei is simplv the dilu- 
tion to which the powder must be carried befoie its solution reaches this point 
of activity The actuity of Paike Davis’ papain (untreated), vhich serves as 
the standard of reference, is set at 1,000 units per gram (aii-diied) Accord- 
ingly, one gram when diluted to 1,000 cc represents a solution of exactly the 
activity necessary to convert the photometiie leading to one-half the oiiginal 
reading The resistance of various films vail diveige consideiabh^ fiom this 
arbitrary standard and must be calibrated with each series of deteimiuations 

In the study by Gilman and CowgiU wnth pepsin the photometric change was 
directly proportional to the logarithm of enzjnne concentration In these studies, 
the same type of monomolecular reaction was approximated with tri-psin but 
not with papain With papain, the concentration range between total digestion 
and zero digestion was very much sharper This necessitated a greater number 
of trial assays but, correspondingly, increased the order of accuraev 

The unitage of the standard powders by this method is as follows Parke 
Davis’ papain (untreated), 1,000, Parke Davis’ papain (sterilized), 1,100, 
Fairchild’s trypsin, 24,000 

The Casein Digestion Test — The U S P or Puld Gross method is not suited 
to papain determinations because of the insoluble products foimed bj'" the action 
on casern 

SUMMARY 

Filtered gtycenn extracts of papain evidence sufficient instabilitv to pre- 
clude then climeal use Filtered and precipitated pow'ders constitute a product 
suitable for the purposes described The activity of such powdeis is defined ac- 
cording to three procedures Piolonged tieatment with CS 2 , as deseiibed by 
Vandevelde, is not adequate for the sterilization of heavily infected papain 
powders 

This ■n'ori has been earned out in conjunction tnth the Department of Surgery and I wish 
to acknowledge the various types of assistance which they hai e rendered 
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NOTE ON THE CALCULATION OF URINE SOLIDS® 


By Allan "Winter Eourc, Pn D , Boston, jMass 


'y'HE amoimt of solid mattei dissolved in the tv euty-f our-hour mine elimina- 
tion IS a rough measuie of the nutritional le\el The actual determination, a 
necessity in certain triies of metabolic studj , is attended by no little difficulty if 
eiroi IS to be reduced to niconsidci able piopoitions Evaporation in vaeuo at 
room temperature is time consuming, and the la^t traces of vater are difficult to 
remore The remoral of water by heating, on the other hand, leads to chemical 
decomposition of the nitiogen-eontaming substances — primarily urea— with a 
loss of ammonia and caibon dioxide for whieh allovaiice must be made by addi- 
tional analjses Neither procedure is adapted to clinical use and for many years 
the estimation of the specific giarity coiielated vnth the rolume has been the 
usual simple expedient adopted 

The specific gravitj of a complex solution, such as is the urine, is a summa- 
tion of the relative amounts and densities of the raiious dissolved substances 
Purthei, in dilute solutions the lelationship of Qoncentiation to specific grarnty 
approaches a linear functioiL Fiom this fact, if the composition of the solution 
V ere fairly constant in the relative piopoitions of the sereial constituents, a 
fairly constant ratio should exist between the specific giarity and the actual 
amount of dissolved mattei An early lecognition of this probability led to in- 
vestigation, and several decades ago a coefficient was detei mined which is Imown 
usually as Haeser’s, Roberts’, etc, all resting on the basis of the simple arith- 
metical relationship — 

Total Solids per liter 

K = 

1000 (Specific Gravitj—-! 000) 

For measurements at 15 5° C , the earlier standard temperature, “K” was found 
to approximate the value of 2 33 Nearly thirty years ago, Long^ revised this 
value bj an experimental studv' and offered the ratio, K = 2 6 when specific 
giavuties are determined at 25° C A simple computation demonstrates that the 
two coefficients are in complete numerical agieeraent, the larger vmlue of Long 
compensating for the lowei specific giavity piocluced bv^ thermal expansion of 
the solution Both Long and his predecessons selected so called “normal” 
urmes for their investigations, a fact which led to an artefaetual constancy in 
their experimental results The twm chief constituents of the mine in point of 
amount are urea and sodium chloride Weight for weight, at concentrations 
found in mine, the salt influences the specific giavnty between two and three 

•From the n\ans Memorial Massachusetts Memorial Hospitals Boston Mass 
Recei^ed for publication October 2 1931 
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times as much as does the urea For example a 2 per cent solution of the latter 
has a specific giaritr of 1 005S, of the former 1 0146 Since together these two 
substances constitute fiom 50 per cent to 80 per cent of the total dissolred mat- 
ter, thev con 30 intlv eveicise the pimcipal influence in determining the density , 
as their sereial influences are so direigent, due cognizance must be taken of their 
ratio In the “normal ' mine this assumes a ralue of approximately two parts 
of uiea to one of sodium chloride 

To reduce these influences to arithmetical terms, the writer has made a series 
of measurements of densities of a group of solutions containing the two sub- 
stances in 1 arying proportions 

The desired amounts of mea, sodium chloride, and water were weighed, on 
balances sensible to 1 centigram, into stoppered Eilenmever flasks of 1 liter 
capacity, the final weight of the solution being 500 grams After complete solu- 
tion and uniform eoncentiation had been secured by prolonged shaking exactly 
250 grams of this solution was diluted with an equal weight of water After 
thoiough mixing, the operation was repeated to produce a more dilute solution 
and that m turn gaie a fourth Recognizing that an initial error would yitiatc 
an entire series, a duplicate of some one of the dilute solutions in each series was 
supplementanly made by careful weighing and its specific grayity was compared 
with that of the oiiginal solution made bx dilution These checks in erery in- 
stance justified the confidence placed in the original obsen ations The urea was 
of “highest purity” quality, the sodium chloride of equally high grade and 
yielded on anah sis less than 0 1 per cent of moisture The solutions were made 
m distilled water 

As soon as prepared the solutions were placed in diy, clean, glass-stoppered 
bottles and these stored m a cool room. The densities were determined inside of 
a few hours, using a carefully standardized \Yestphal balance These balances 
are commonly adjusted to giye then 0 reading at 15 5° and as the majority of 
urinometers on the market are constructed for this temperature, it was taken as 
the standard As the n eather was yery warm, some little difficulty was experi- 
enced at first m holding the solutions at the proper temperature The substitu- 
tion of a silyered Dewar cxlinder of some 200 milliliters’ capacity for the usual 
glass receptacle, made it easih possible to mamtam constant thermal conditions 
A carefullx standardized thennometer gaxe the temperature of the solution, the 
use of small glass stiriers ensuied thermal homogeneity The initial results are 
collected in tabular form (Table I) 

A number of the highei coneenti ations fall outside the range of physiologic 
probabibtx and are included soleU to define the trends of the curyes The x alues 
in brackets at the loxi concentrations are extrapolated a warrantable procedure 
as the relationships are knoxra to be substantiaUx rectilinear at these lex els 

A rexicw of the data shows some interesting teatures The “K” xalnes ap- 
proximate constancy foi anx gixen ratio, xx-ithin the usual concentration limits, 
the xarntion is of the older of the oidmaix obserxation error The coefficient of 
the solution 11 ith the latio of the “normal ’ urine i e , 2 to 1, is the finure of the 
earlier experimentally determined constant Seemingly at these conlentrations 
tne a gobraie summation of the othei nrmarx- constituents produces a solution 

a dcnsitx appioximatmg that of the urea salt mixture That this would hold 
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m uiines of maikedlr abnoinial composition is doubtful, but sucb tirines are 
exceptional 

On the otliei hand, as was to be anticipated, the “K” value vanes over a 
very wide range as the ratio of the tno substances changes A pure 2 per cent 
urea solution has a “K” lalue of 3 47, while the “K” of the equivalent salt 
solution IS but 1 39 

The amount of uiea ebmmated is directly influenced by the level of protein 
catabolism, as was shown most graphicallv by Pobn- many years ago and since 
confimed by a host of investigators A laneti of toxic states increase the urea 
output, while lowered renal permeabilitj' will depress its ebminatioru The possi- 
bilitv of uiea storage is a factor that cannot be discussed here Sodium chloride 
in largest measure reflects the Ie\ el of salt intake In fasting^ it smks to very 
low levels as well as in a varietj- of pathologic conditions of which the exudative 
phase of pneumonia is a striking example 

As the lariation with the concentration of the “K” value for any given 
ratio has already been shown to be of but minor proportions it is a simple mat- 
ter to plot the dime of aierage ' K” xalnes oier a wide range of ratios For 
the sake of convenience these may be reduced to tabular form, using round num- 
bers only in recognition of the very approximate character of the data 


Table II 


“ K ” Talues foe Taeious Ratios of ITpea axb SoDimr Chiupide 

Urea 

100 

50 

25 12 

10 

S 

XaCl 

K 

35 

34 

3 3’ 3 2’ 

32 

31 


6 

4 

3 2 1 

0 5 

0 25 


30 

27 

25 23 20 

1 8 

16 


To calculate the total solids per liter, the following formula is derived from 
that first gii eu 

Total Solids = 1000 K (Specific Gravitv — 1000) per liter Substitution of 
the actual i olume m e c for the 1000 gives a first approximation of the sobd 
elimination in the specimen To apply, determine the urea and sodium chloride 
by am of the standard quantitative piocedures and use the “K” lalue indicated 
by their ratio 

Two points of exception should be noted in apphnng the formula The 
presence of glucose m appreciable amounts necessitates a correctiou This can 
most easih be appbed by deducting from the obsem ed specific gravitv an amount 


Table IH 





15 5° 


Appeoximate CoppEcnoN foe Specific Geavuv or Glucose Solutions 

15 5° 

Glucose 

1 

2 3 

4 3 

7 3 10 

Correction 

-004 

_ 0f>s -.012 

- 016 _ 020 

- 030 _ 040 
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eqxu'valent to tliat pioduced by the amount of sugai piesent Long’^ suggested 
this expedient for the sodium chloride, using a modified coefficient foi the le- 
mainiiig solids 

A second souice of eiioi is tlie soealled “Xetone” bodies iiith acetone as the 
most distuibing factoi The ielati\e amounts of the seveial substances and the 
degiee of salt foimation of the tivo acids yould be variable and preclude 
the apphcation of a simple collection such as is appiopiiate in the case of sugar 
With these two exceptions, the use of the coefficients fiom Table II peiimts 
of a rough estimate of the dissohed mattei of the iiiiiie on a paiitj in accuracy 
with the measurement of the specific giaiitj- 

E^en so rough an estimate has a ceitain %alue foi clinical mteipietation and 
patently ofteis a definite advantage oiei the time hoiioied practice 
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A NONGLUCOSE REDUCTION PRESENT IN NORiLUFj AND 
INCREASED IN NEPHRITIC BLOOD^ 


By Rvwsox J Pickluid, I*I D , Leo F Pierce, Ph D , C S iL\RS»EN, Jr , 
R K Taxvka, a^-d H a Towxsexd, A B , Svx Diego, C\lif 


I NCREASE of the blood sugar m cases of nephritis, first reported by Mvers^ m 
1916, has been repeatedly confiimed, but bv the use of unproved methods, ire 
now recognize a lovcei noimal for blood sugar, and recognize too that the methods 
in general use clinicallv giie glucose figures that aie still too high as thev include 
another reduction than that of glucose Howe\er since the nonglueose reduction 
is small and practicaUv constant m amount, clinical interpretation iS not affected 
The true glucose content of the blood mar he distinguished from the ap- 
parent glucose measured by oxidation methods bv the loss in reduction aftei 
fermentation by veast Somogn,== Pontes and Thu oUe,^ and others have shown 
that veast eompletelv remoies glucose fiom the blood within a few seconds and at 
ordinary temperatures, and that there is no other action of the veast on the blood 
affecting reduction, as the same results mav be obtamed by aUowmg the yeast to 
act on the neutrahzed deproteinized filtrate Somogn and Nramer^ found the 
true sugar the same with various methods of estimation, while the nonglucose 
reducing body varied with different oxidizing agents 

The nonsugar reducing substance, estimated as glucose, was found by 
Somogvi and Kramer to be quite uniform (23 to 31 mg ) , averaging 27 mg 
using tungstate precipitation and the Shaffer Hartmann method ATith the 
Folin-Wu method, lYest, Seharles, and Peterson® found the nonglucose reducing 
body 20 mg , and Benedict with the Benedict copper reagent found 11 7 mg 
aierage Bigwood and YTuiUot® found 11 to 25 mg nonglucose reducing sub- 
stance, usmg the Hagedom and Jensen method (Table I^ Controlled bv fer- 


Table I 

Eedxjctiox jv Blood Filteatts Attzp Removal or Glucose by Teast “Glucide X” 


Somogvi and Kramef* 

ar 

27 

mg 

Shaffer Hartmann 

West, Seharles, Peterson 

av 

20 

mg 

Folin Wn 

BenedieP 

ar 

12 

mg 

Benedict copper method 

Benediet" 

ar 

22 

mg 

FbnWn 

Bigtrood and Wnillot* 

ar 

19 

mg 

Hagedom Jenson 

Folin and Svedberg (diabetics) 


20 

mg 

Folin Wu 

Folin and Svedberg (diabetics) 

nr 

9 

rag 

Folin 

Present report 

ar 

21 

rap 

Folin W n 


mentation it has been shown that the nonglucose reducing bodv is precipitated 
b\ mercuri,® the filtrate containing onlv glucose as reduems substance Thus 
the protein precipitant as well as the oxidizing agent are essential factors in the 
amount of i eduction found m the blood and ascribed to the included glucose 


The Scripp"! Zoolofncal Ho'pitxil and Pe«carch Innitute Can Die'-o ^ 

me Ginw Deere A tUe Metabolic Clinic Carmel bv the-Sea California. ^ California and 
neceUtd for publication April 7 l'-31 
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Fontes and Thnolle give as lules foi the contiol of a method for the estimation 
of blood glueose (1) to lemoie the glucose onh (by j^east), (2) pieeipitate the 
proteins, (3) find no glueose in the filtiate, (4) on adding glueose to the filtrate 
to find It quantitatively Their method they state fulfills these lules Bigivood 
and AVuillot conclude “theie is in the plasma and in ivhole blood i educing sub- 
stances, probably gliicidic, ■nhicli yeast does not attack These substances do not 
include uric acid oi eieatinine” evcept vith \ei-y high nitrogen retention 
Pontes and Thivolle think normal blood contains besides fiee glucose a non- 
glucose reducing substance vhich mav be a “glucidic ether,” piovisionallv called 
“glueide X,” nhich is pieeipitable b\ meicuiv The ethei element is hjqio- 
thetical, but the glucid natuie they assume because of (1) its destiuction by 
yeast, (2) the inciease of glucide X along vith fice glucose by the action of 
adrenalin, (3) the decrease of glucide X nith the use of insulin 

"We ha\e then, noimally, about 20 mg of leducing substance, glucide X, 
which IS oxidized and estimated as, and with glucose by the Polin-'W’u method in 
the tungstate filtiate, the eaiious methods of estimation coiiesponding in this 
finding mthm the limits of eiioi Glucide X has been found a nonfeimentable 
remaindei in the tungstate filtiate after the destruction of the fiee glucose by 
yeast The i eduction, expicssed as glucose, shows a vaiiation in sensitivity to 
glucide X bv the leagents of the diffeient methods Zme and meieuiic preeipi- 
tants precipitate, or change, glucide X, leaving onh tlie fi ce glucose as reducing 
body and checking against the yeast method The copper reagent of Pontes and 
Thiv olle IS so modified that it is not sensitive to glucide X after the action of 
yeast, although this body can be shown in the tungstate filtiate thev use, aftei 
yeast fei mentation, by othei methods of oxidation Thej measuie glucide X by 
the difference in i eduction betneen the tungstate and zinc filtiates Glucide X is 
changed then by yeast, but not destioi ed In it, and Pontes and Thn olle’s method 
which IS insensitive to this body after yeast, thus shows tins inter esting change 
in this reducing body, although they consider it fermented and destroyed by 
yeast, contrary to the finding of most vvu iters Our results were ncail}’' all in ac- 
cord with the findings of others, that glucide X reduces the Polm-Wu copper 
solution after the removal of glucose bv' yeast, and v\ e estimated it thus How- 
ever we had some irregular results winch are perhaps explained by the occasional 
modification of glucide X bv^ jeast, preventing its action on the Polin-Wu re- 
agents, a modification w'hich regularly prevents its reduction of the copper solu 
tion of Pontes and Thivolle Table II shows that this body cannot be demon- 
strated in some bloods after fermentation 

The difference between the Benedict modification of the Lewis Benedict 
method® and the Folin-Wu, and the reducing body or bodies in column 3, Table 
II, IS the subject of the present repoii; In the course of the lahoratorv examina- 
tion of a case of nephritis, we found a considerable discrepancy between the blood 
sugar estimations by these two methods The patient was able to be at his office 
most of the time, although constantlj shovimg large amounts of albumin with a 
sediment of granular and cell casts in his urine, his blood urea N varied from 25 
to 36 mg per 100 cc At the higher figure he had vmrtigo and headaches and 
was compelled to rest His blood sugar by the Polin-Wu metliod had been about 
100 mg The last time we saw him his blood uiea N was 31, sugar (P-IV) 98 mg , 



^O^GLUCO'^T: REDUCTION PRESENT IN' BI OOD 
Table II* 

Glbcide X SovrTOfES Frp-irEST^BLE 


4T3 


CASE 

r srt 


Y PEBtJC 

TIO'^ 

SrTTP TEPSIE' 

TI1£E 

STITIOX E 

r -n* 

Y YEAST 

IrB 

HTpertTophied prostate 

244 

241 

0 

30 mm 

0 

0 

Glomerulonepbntis 

98 

173 

75 

30 mm 

0 

79 

Chrome nephritis 

100 

137 

37 

30 mm 

0 

40 

Earlv interstitial nephritis 

97 

120 

23 

1 mm 

1 hour 

30 

28 

1 

Same, sveek later 

100 

144 

44 1 

1 mm 

22 

80 




1 

20 mm 

1 0 

80 





hour 

0 ' 

65 

1 




day 

0 

70 

Nephritis, hsqiertrophied prostate 

144 

200 

64 

1 mm 
hour 

30 

0 


Interstitial nephritis 

125 

190 

65 

1 nun 

29 





hour 

30 






3 hr 

29 






18 hr 

18 


Interstitial nephntis 

95 

230 

135 

1 mm 

0 


Interstitial nephritis 

1 150 

240 

90 

1 mm 

0 



•Standard methods in standard quantities Here used throughout this vrork (no micro- 
methods) The Benedict modification as in Underhill (ref S) Baker chemicals At least 
three fourths of the figures in the tables arc the aterage of duplicate tests run by different 
indhiduals 

tF-ty = Folin-IVu blood sugar method L-B = Benedict modification of the Uervis-Benedict 
method All figures milligrams per 100 cc. of blood 

and 173 bt the Benedict modification, shoiving a reducing body of 75 mg esti- 
mated as glucose, a difference far beyond any en or inherent m the methods The 
reducing body ivas not glucose, it did not affect the Fobn-TVu copper reagent, 
and IS hen the blood glucose was r emoted bv t east (thirty minutes) the Folin-Vu 
gave a zeio reading while the picrate method gave a reading practically equal 
to the pretnous difference (This later prosed to he an cNceptional result ) 

It has been shown® that the Benedict modification averages about 10 per cent 
higher than the Folm-I\'u with dextrose solutions With blood, the higher read- 
ings of the Benedict modification has c caused it to be dropped and perhaps has e 
somewhat discredited the simple and reliable picrate method ot Elvers which 
uc base found cheeks so aeeurateh with the Folm-Wn, that we base used it with 
the latter as a check on the Benedict modification, for the estimation of the v -re- 
duction which thvLs e\ identlv is not due to the picrate alone It was suggested 
hr Professor Msers (personal communication) that the higher reading midit he 
due to an. increased sensitintv to “creatinine” of the Benedict modification oser 
the ongiml Benedict pieiate method as modified by Wyers and Bader The lat- 
ter gises a creatinine reduction equal to that of an equal amount of glucose, Ws ers 
Ins prosed and therefore negligible in nns hut exceptional bloods On his sua- 
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gestion we tlieiefoie lan contiols ivith the Benedict modification on glucose solu- 
tions to which creatinine was added, 1, 5, and 10 mg creatinine, with 100 mg 
glucose gave 105, 108, and 107 aveiage readings 

Table III gives the “y-rediietion” in 25 nomal bloods, taken after an 
eighteeii-hom caibohydiatc fast fiom students of athletic tjiie at San Diego 


Table m 

T Beduction in Normal Bloods 


STt^)t:^T‘=l 

i 

F vr 

TREDTXO 

TION 

Br 

149 

S2 

67 

Su 

14G 

102 

44 

■Wa 

13G 

82 1 

54 

El 

134 

87 

47 

Eo 

131 1 

SG 

45 

To 

107 

82 

15 

Je 

114 

SG 

28 

Ma 

114 

S3 

31 

Mg 

lOG 

83 

23 

Md 

1 103 

76 

27 

Ro 

89 

75 

14 

Bo 

129 

92 

37 

Hn 

97 

80 

17 

Ke 

1 119 

71 

48 

Ma 

104 

80 

24 


STUDENTS 

I/-B 

F vr 

YKEDTJC 

TIOK 

Jig 

114 


28 

Wi 

139 


68 

Wo 

151 

83 

68 

Ja 

138 

85 

53 

To 1 

129 1 

69 

GO 

RB 

113 

79 

34 


130 

78 

52 


118 


41 

Co 

124 


45 

Ar 

120 

1 


40 


State College The y-reduetion vanes eonsideiably m noimal blood, fiom 14 to 
68 mg , average 40 4 mg Note that by the Benedict modification several of the 
noimal students would have been considered as having glycemia Table IV gives 
the 3 ’'-reduction in the blood of patients with iiephiitis as endenced by finding 
albumin and casts Table V lists the negative findings Among the neplnitics 
of Table IV, 9 of the 41 eyammations gave glucose ovei 120 rag bj’- the Folin-lVu 
method, confiiming pievious lepoits of high blood sugar in nephiitis, the pieratc 
method shows 31 over 130 mg Glvcosuiia nas occasional, in only one of these 
cases 

The y-i eduction in 7 tests on 4 patients mth scveie nephiitis, heading Table 
IV, averages 108 7 mg, the aveiage y-i eduction of the othei bloods in Table IV 
is 48 7 mg , and the average of all samples is 58 mg , much ovei the average of 
the normal bloods (40 4 mg ) That this increase is not due to the eieatinine 
bodies is shown bj”- eompaiison nith the cieatinme findings, Table VI The y-ie- 
duction is not necessaiily due to one substance, and that tins is possibly true of 
nephiitic blood is suggested by the abnoimal ratio of uiea nitrogen to the non- 
pi otem nitrogen in 7 estimations, 6 cases, heading Table TV, the aveiage urea 
nitrogen is 35 mg , nonpiotein nitiogen 110 9 mg , latio 13 2 It was oui mten- 
tion to leain the clinical significance of the highei i eduction in nephiitis by in- 
terpolating this finding m the “staircase” table of V C Myeis, adding to the 
creatinine, uric acid and urea which formed his table, lowered phthalein output 
and fi-\ation of specific giavitv Vfe soon found this piogiani too ambitious in a 
city without the facilities of a teaching hospital 














XON GLUCOSE REDUCTIOV PRESENT IX BLOOD 


475 


Table IT'* 


CASES AVD DIAGNOSTIC DATA 

P\YS 

BLOOD 

CHEStlSTPY 

PEDUCING StTBSTANCrS 

r vr 

L B 

Y PEDUC 

TIOV 

Chrome nephritis, no albuminuria, few ^anu 
lar casts, fired Sp Gr Occasional glrcosnna 
(Dr St Sure "E”) 

! 

irea X 23 

STPX 77 

100 

135 

26 

Chronic nephritis, -ilbnmm 4 t , liv-iliiie and 
granular casts 4-1- (Dr Stigall “C”) 

Same, diet with reduced protein, 2 weehs 

Same, third weeh 

I 

irea X 12 

NPX 05 

creat 1 3 

100 

293 

193 


urea X 16 
XPX 105 

105 

150 

45 

urea X 24 
XPX 53 

136 

200 

64 

Uremia, coma, albumin 4 j-, casts 4-^, moribund 
(Dr Barclav “W”) 


area X 140 
XPX 340 

creat 6 

107 

224 

117 

General arteriosclerosis, chronic nephritis as- 
cites PSP 11 per cent (Dr Potter "Br”) 

Trace albumin, no casts 

Died in December 

Feb 

Apr 

ilav 

Oct 

urea X 64 SO 
creat 3 3 5 

urea X 60 

urea X 37 

creat 1 4 

nr ac 3S 

192 

179 

260 

227 

68 

48 

Arteriosclerosis, hypertension, cerebral hemor 
rhage, death (Dr ICewmann “AI”) 


urea X 20 

XPX 75 

creat 1 8 

154 

380 

226 

Hypertrophic prostate, retention, albumin and 
granular casts P SJP 60 per cent (Dr Hall 
“Sw”) 

1 

urea X 25 

125 



30 


95 

135 

40 

4S 

urea X 23 

creat 1 6 

122 

202 

SO 

55 

urea X 25 

creat 2 5 

105 

123 

IS 

GO 

urea X 15 

85 

149 

64 

67 

urea X 15 

97 

190 

93 

Hvpertension, mvocarditis, albunun and casts 
(Dr Hall, Xaval Hospital 

1 

urea X 32 

96 

122 

27 

3 


85 

124 

39 

20 


100 

123 

23 

Hypertrophy of prostate, obstruction, cystitis 
pvehtis (Dr Hall “Fw”) 

1 

urea X 32 

creat 2 

7a 

■ 

m 

7 

urea X 28 

creat 1 

■ 

134 

62 

14 

urea X 32 

creat 2 


14S 

57 

piroDjc ncpliriCis, mvocarditis, rccovermc fron 
granular c'lsU (Hr HaU 

1 

urea X 2S 

creat 1 

j 

127 

46 

3 

i 

' 164 

’00 

136 




































































Table r\^ (Contmuod) 


CASES A\D DIAG\OSTIC DATA 

date 

BLOOD 

CHEMISTBY 

1 RFDUCIXO SUBSTA^CES 

r vr 

L B 

■i KEDUC 

TION 


13 


118 

181 

63 

22 


87 

139 

52 

40 

urea 17 12 

creat 1 

76 

145 

69 

Arteriosclerosis, InTiertension hvpostntic pncii 
monn, death Age 6S (Dr Stevenson 31170) 


urea 17 7 

94 

156 

62 

Persistent secondary anemia, low fixed Sp Gr 
(Dr Kennell “CE”) 



100 

144 

44 

Arteriosclerosis syphilis, chrome nephritis 
mvocarditis, albumin, hyaline and granular 
casts Age 63 (Dr Stevenson 28S33) 



110 


17 

Bronchopneumonia, lung abscess, ago 78, al 
bumin, granular casts (Dr Stevenson 28676) 


urea 17 11 

Croat 1 7 

PSP 46 '1 

104 

133 

29 

Hvpertropbv of prostate trace albumin, age 
55 (Dr Stevenson 28757) 


urea N 15 

creat 1 7 

PSP 37% 

111 

139 

28 

Salpingitis, albumin, granular casts, age 32 
(Dr Stevenson 28487) 



93 

187 

94 

Syphilis, meningitis, albumin hyaline, granular 
easts, ago 64 (Dr Stevenson 2SS41) 


urea 17 30 

creat 2 

82 

119 

37 

Cancer breast, trace albumin, casts, ago 67 
(Dr Stevenson 28251) 



110 

139 

20 

Cellulitis hand, syphilis, trace albumin, casts, 
age 59 (Dr Steienson 27601) 



86 

178 

92 

Endometritis, albumin, many hyaline, few 
granular casts, age 29 (Dr Stevenson 28500) 



114 

134 

20 

Luetic aortitis, trace albumin, casts, age 67 
(Dr Stevenson 28552) 


urea N 10 

NPN 31 

creat 1 7 

104 

123 

19 

Sinus operation, hemorrhages, convulsions 
(Jlercj Hosp 438) 

■1 

NPN 136 

creat 3 2 

130 

167 

37 

Mastoiditis, age 42, trace albumin (22687) 



71 

114 

43 

Acute cholecystitis, age 54, albumin, granular 
casts (28944) 



97 

130 

33 

Arthritis, age 35, trace albumin hyaline casts 
(28829) 


urea 17 7 

sreat 1 6 

93 

134 

41 

Clironic nephritis, granular casts, albumin 
(FK) 



98 

146 

48 

Cancer prostate, anemia, 20 per cent Hb 
(Dr Bussell "O'D”) 

< 

NPN 82 

ireat 1 8 

100 

137 

37 

Infectious jaundice, albumin granular casts 
(Dr Stealy "D”) 

. 

\ 

( 

tTPN 80 

irea N 53 

,reat 1 2 

100 

137 

37 


•In parentheses, name of referring phjslclan and Identification of patient All figures 
for blood chemistry in milligrams per 100 c,c blood F-TT glucose b> the Folln Wu method 
Li-B same by Benedict modification of Lewis-Benedict method Alb albumin gr granulac*^ 
h , hyaline c , casts 
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Table V 


- 



PEDHCl'.G SUBSTANCES 

CASES WITH XTOATIVE nXDrsGS 

BAYS 

BLOOD 

CHEillSTPY 


L-B 

Y EEDOC 
TIO'^ 

Tone adenoma thvtoid, albumin, granular 
casts, age 47 (28912) 

■ 


100 

99 

- 

Essential hypertension, trace albumin, casts, 
age 40 (28889) 

1 

urea N 22 25 

128 

135 

7 

Chronic nephritis, arteriosclerosis, myocarditis, 
albumin, few hyaline casts, age 67 Died 
(28411) 

■ 


133 

i 

136 


Arteriosclerosis, cardiac decompensation, al 
bnmin, hyalme casts, age 59 (28705) 



156 

156 

— 

Prostatic hypertrophy, age 89, trace albnmm 
(28767) 

■ 

urea X 15 

129 

121 

_ 8 

Cholecystitis, trace albumin, casts, age 57 
(31835) 



166 

150 

-16 

Plennsy, fibroid the , albnmm, casts, age 70 
(28493) 



132 

110 

-13 


Table VI 


CPEATrvrSE 

T REDTjCnoV 

CPEATIMYB 

Y EYDYCnOS- 

CPEATCnKY 

Y PYDTTCnOV 

1 

0 

17 

69 

2 5 

57 

12 

37 

17 

29 

32 

68 

13 

193 

17 

28 

32 

48 

15 

46 

18 

37 

ZS 

47 

16 

80 

18 

226 

6 

112 

16 

41 

2 

52 

6 

117 

17 

19 

2 

37 



17 

62 

2 5 

18 




Table VII of 27 blood samples from 9 patients vatb nephritis sboivs the re- 
lation of the y-rednction to glucide X Column 1 gires the blood glucose esti- 
mated by the Volin-VTu method, Column 2 the reduction by Folin-V'u after 
two hour fermentation br veast expressed as glucose, “glucide X’ , the dif- 
ference IS tlie true (free) glucose The average of glucide X in these nephritic 
bloods, 20 8 mg shows no increase over normal blood, nor is the true glucose 
high except in two samples (different cases) There follow the reduction by the 
Benedict modification, its mcrease ocer the Folin-Vu or the “y-reduction” 
the attempt to estimate the reducing bodies bv the picrate method in blood from 
which the true glucose was first removed by least gave lerv irregular results 
(Coliinm 7), peihaps an adsorptiie effect on the picrate coagulum from yeast 
Fei ertlielcss tlie aieragc was the same as the aicrage of the sum of the two non- 
ghicose reductions 

Soinogi i‘ found glucide X uniform in quantity independently of the blood 
sugar le\cl m health and disease, except in cases of ceiere diabetes when 
ghicule X dinunisbed as the high blood sugar persisted Xor do we find glucide X 
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Table VII 


r vr 

GLUCOSE 

r w atter veast 

PERilELTATION 
“ GLUCIDE X” 

TRUE 

GLUCOSE 

L B 

GLUCOSE 

T 

RE0UCTIOK 

TOTAL, BOTH KOL 
GLUCOSE RE- 
BUCTIOVS 

L-B AFTER 

YEAST 

105 

18 

87 5 

123 

IS 

36 

. ■ 

100 

14 

86 

123 

23 

37 

70 

09 

15 

84 

125 

26 

41 

67 

104 

1 21 

85 

127 

23 

44 

36 

92 

20 

72 

123 

31 

51 

48 

96 

27 

60 

123 

27 

54 

82 

S4 

23 

61 

115 

31 

54 

100 

86 

17 

09 

125 

39 

56 

34 

S4 

22 

62 

124 I 

40 

62 

67 

100 

22 

78 

144 

44 

66 

80 

81 

18 

63 

128 

C5 



106 

20 

86 

— 

— 


— 

72 

18 

54 1 

134 

52 

70 

81 

101 

20 

77 

149 

48 

I j2 

81 

91 

18 

73 

! 

148 

57 

75 

63 

05 

37 

58 

136 

41 

78 

120 

84 

18 

60 

149 

05 

82 

74 

73 

21 

52 

141 

68 

SO 

81 

76 1 

21 

55 

145 

69 

90 

84 

113 

22 

85 

181 

i C8 

1 

00 

92 

91 

— 

- 

137 

46 


66 

97 

20 

77 

168 

71 

91 

106 

123 

18 


202 

79 

97 

68 

98 

13 

85 

1 190 

92 

105 

82 

73 

24 

49 

169 

90 

120 

80 

96 

20 

76 

202 

106 

126 

68 

164 

31 

133 

300 

136 

167 

117 

Average 

o 

00 



55 5 

76 7 

77 


higher in nephritis, although Linder, Hiller, and van Sb'^ke,^® using the Folin-Wu 
method, found the nonglucose reducing body higher in eases of glomerulo- 
nephritis, about 40 mg, along inth a loivered sugar tolerance and lower sugar 
threshold Our findings in the blood of patients with nephritis are occasional 
high free glucose, normal glueide X, and a considerable increase over noimal m 
such blood of a nonglucose reduction which we call the 3 ''-rednction, and which 
IS piesent in much larger amount than glucide X (estimating as glucose) and 
may even be in greater reduction value than the glucose itself 

Fontes and ThivoUe found glucide X consumed first undei the influence of 
insulin, and more eompletelj’’ than glucose Tests on a case of diabetes with 
chronic nephritis under treatment at the Naval Hospital, through the kindness of 
Dr Hall, are recorded in Table VIII The patient had a mild attack of coma 
diumg the time of observation The lemaindei of fermentation, glucide X, did 
not disappear in this case when the blood sugar vas high, but the y-reduction 
disappeared and at the highest glucose level, vith large doses of insubn, the 
dilference between the two blood sugai methods became a negative one, and this 
at a glucose level where the picrate method reads 3 per cent higher than the 
Folin-Wu and 24 5 pei cent higher than the actual glucose content 
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T«I.E Till 


DliEETIC (MA) COUPTEST DE. HALL, U S N HOSPITAL 


P\TE 

F 'tt' 

L B 

1 T FEDOCTlOV 

1 OLUCILE X (f w 
IFTEP YEIST) 

Oct 

3 

265 

395 

130 

16 

Oct 

6 

179 

363 

174 

22 

Oct 

13 

240 

270 

30 


Oct 

20 

404 

689 

285 

12 

Oct 

27 

406 

402 



56 

JTor 

3 i 

470 

440 

-30 

20 

Xov 

17 

420 

ODD 

135 

22 

Xov 

24 

393 

516 

125 


Pec 

1 

394 

548 

154 


Pee 

S 

437 

660 

223 


Pec 

15 

352 

470 

118 



The fact that the y-reduction Tas demonstrated by a companson of both 
recipitant and oxidizing agents leads to inacemacies which we tried to overcome 
bv finding a more direct method Tfe found the ihers pxcrate method gave 
the same results m normal or nephritic bloods as tbe Folin-'\Tu, and nsed it 
frequentlj as a check, so that the y-reduetion mav he measured by a companson 
of pierate methods, tbe Benedict modification being sensitive to the y-reductiou 
substance together inth glueide X and the true glucose, while the other two 
methods show reduction from onlv the latter two bodies "We later found the 
Ionesco*! method sensitive to all the reductions like the Benedict modification, 
and b-s this method the v-reduetion can be demonstrated present m tbe tungstate 
filtrate In a papei hi one of us (R J P , read before the California "state 
Medical Meeting, 1931), it vas shown that this reduction is present as weU in 
equal amounts m the trichloracetic and m-phosphonc filtrates 


COnilEXT 


1 True glucose is often increased in nephritis 

2 The nonfeimentable remainder estimated by the Polm-tVu method, 
glucide X, IS constant in health and disease Contrary- to most authors, we found 
glucide X oceasionallv fermented bv yeast Tbe work of Hubbard and Deenan*^ 
suggests that it is a higher sugar 

3 The blood glucose mav be estimated bv either the Polm-Wu, the hlyers 
or Benedict copper methods witliout clinical error THien the glucose alone is 
to be estimated frequently ne recommend the Folm-Wu technic as modified*^ for 

m Benedict modification of the Lewis-Bcnedict 

ethod sliould not be cited'^ as a method for blood sugar as that will lead into 

am,!-? ™ e^Peeialh nnfiir to Dr Benedict nho has substituted an 

accurate coppei method'- for blood sugar 

1 We describe a i eduction m blood which ne call the v-rcducfion which 

..do ...grerm .tltod 

ncphntics and is liiglicst in sei ci c cases of nephritis This reduction does net 
to htiAo mu relation to “creatinine It mai be due to sml hci ] 
reduction m neplintis niaj m part be due to a nitrogenous substancr """ 
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5 The question of glutathione occuis in connection -with these results 
Benedict and Newton' state that glutathione is one of the chief nonglueose re- 
ducing substances using then methods They fuithei state that it is present 
m blood to an extent of 50 to 100 mg per 100 e c and that with the Folm-TVu 
reagents it reacts in such a nay as to gn’e a reading in teims to glucose, cor- 
responding to 0 2 the actual glutathione piesent, or m otlier n'ords, an excess re- 
duction of 10 to 20 mg per 100 cc All these leaetions are fundamentally of 
the o'xidation-reduction type, and there is undoubtedlj’’ a fair degree of compara- 
bility between results gained by all methods 

Benedict*® states that in new of later uork “a considerable portion of the 
saceharoid fraction of blood is not represented by glutathione ” He likewise 
says “We are of the opinion that on the aierage glutathione accounts for little 
of the sacehaioid content of blood ” He shows that an aieiage saceharoid con- 
tent of 19 9 mg for twenty samples uould require a glutathione content of 
100 mg pel 100 cc of blood, and adds that “There is not satisfactory endence 
that blood contains upon an aveiage one-half as much glutathione as this ’’ In a 
footnote m this same aitiele, he discusses a communication from Downes which 
gives an aveiage glutathione content of 23 1 mg in six bloods by the Mason 
method Benedict concludes the footnote ■noth “Until more extensive figuies are 
available for human blood bj the Mason method and until the accuracy of the 
method has been fuither tested, ve cannot diav definite conclusions concerning 
the glutathione content of blood ” 

Woik IS now in piogiess to determine the relation of glutathione to this 
y-reduetion 
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A JMANOMETER FOR JliVCrNIPICATION OP BLOOD PRESSURE 

TRACINGS^ 


B\ Robert K "WEBSTEnj AB, vnd WitiiiiAJi E Pp\. Indlvx\poijIS, I^D 


INTRODUCTIOX 

T 7 ARI 0 US kinds of mstiunients foi lecoidnig phannacologic tiacrags make 
' use of leieis to inagnii's these clvanges 1111011 leeoided on the kjTiiogiaph 
Whenevez clianges aie lelatnel}* slight, as in ludney mlume, spleen volume, or 
nasal mucous membiane lolume, it is absoluteli essential that these changes be 




gieatly magnified by the lecordmg instrument If this iveze not accomphslied 
much greatez dzfSculty in intezpzeting zesults nozild be evperienced It is be- 
lieved that some such appazatus vould be usetul foi compaiative nozk on blood 
piessure, or foz use when changes in blood piessuie aie leii slight As a lesult 
theie has been developed a manometer ■Hhich has been in use for seveial months 
and has been found vezj’^ satisfactoij' 

•From Lilly Kesearcli Laboratories Eli Lillj T-nd Compmj 
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DESCRIPTION or 3IANOMETER 

The usual luercur^ U-tube manoinetej uas used and the les ers ssere arranged, 
as follows (Fig 1 ) A IS a strip oi copper f inch by 1 ineb, to the lower end of 
nhieh was welded a needle-point bearing B such as is used on heart lescrs This 
strip *•! was fastened at its upper end to a curved rod 1 for attachment to a ring- 
stand or other support The lev ei E is of aluminum and passes through another 
needle point bearing C This beaiing is mounted in a h. -shaped holder J) made 
of brass 11111011 was as lightli constructed as possible A hole was drilled in the 
lower arm of the holder D in 11111011 was inserted another light aluminum wire F 
The lower end of the wire F is fastened in an ordinary fiber float E Connection 
to the aiterv is made in the usual manner from the arm 7 The cap G of the 
manometer has an extra large opening for the passage of the wire F so that there 
will be no friction between wire and cap There are three freely movable joints 



from a^sthetized with sodium am^tal C5 mg per Kc Blood pressure recorded 

rom cirotfd nrter\ Doses 0 2 unit of pUultarv extract gl\en lntra\enousU 


m the apparatus at A, B C , however, there is -verv little movement at A, as this 
plate moves onlv through a verv small arc even vvatli veiy great changes in blood 
pressure These three movable joints permit the wire F to move freelv and 
prevent friction 


DISCI =SION VXD COXCLL SIGNS 

Success in pliannaLologic a^savs depends largelv upon the number of com- 
parisons of a given drug on a single animal The life of the animal mav be pro- 
longed In giving smaller doses and consecpientlv more do^es may be inven 
Since the recorded changes in blood pressure are relativelv greater the ac 
uiracv of the assavs increases accordmglv The exact change m blood pressure' 
!•- ensth calculated bv determining the length of the lever arms and reducing 
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the lesult to millimeteis of meicuij Fuitbemoie, the apparatus has been 
used f 01 both pressor and depi essoi di ugs and has proved as satisfactory foi one 
as for the othei (Figs 2 and 3 ) 

In conclusion, it is believed that tins manometei has the following ad- 
vantages ovei the old tj^ie manometei 



Pig- 3 — Cat anesthetized with sodium nmjtal 65 mg per kg Blood pressure recorded 
from carotid arter\ Doses 0 15 cc and 0 25 cc of 1-10 000 histamine dihjdroclilorlde gl\en 
Intraienously 

1 Smaller doses of diugs may be guen, thus prolonging the life of the 
animal 

2 Greatei changes aie produced on the lijunogiaphic tiacing, thus per- 
mitting moie accuiate interpietation of lesults 

3 The magnifieation may be changed by changing the length of the lever 
aims, thus, leiy small changes of piessuie maj be gieatlj’' enlaiged m the 
tracing 



A NE\Y TEST TUBE BACK FOB USE IN SEBOLOGY 
AND BACTEBIOLOGY* 


B\ J AKTHt?R Beykieps, 51 S , Notre Dame, Ixd 


A t S05IE tune or another erery technician has expressed dissatisfaction with 
the test tnhe rachs now in use The aAcrage test tube rack is bulky, nonad- 
jnstahle and consequently Mill hold onlv a limited number of tubes of the same 
diameter or smaller than the diameter for Mhich the rack is designed Tubes 
held in larger holes than the size for irhich they are intended rattle disagreeably 
and have a tendenev to slip from the rack. Furthermore the average rack tends 
to obscure if not to hide the contents of the test tube Backs designed up to the 
present to overcome some of these difficulties are entirely too specialized and ex- 



Piff 1 ^Showing the arrangement of the clips on the clip bar and the method of holding 
test tubes of different diameters 


pensive for the ai erage laboratory I bebei e that mv rack has none of the dis- 
ad^antages mentioned and that it has, moreover, decided ad\antages oier any 
other rack I have seen 

The frame of the rack is constructed of a single piece of heaiT brass or 
stainless steel, highly polished, bent into wings about two mehes high A bar of 
the same material as the frame is fitted into slots milled mto the wings, and a 
drop of solder fixes the bar in place Beneath this bar and parallel to it is a rod 
Clips are mounted on either side of the bar These ebps are made of phosphor 
bronze and are designed for extreme flexibility and holding quabties Experi- 
ment ivith 01 er fifti different cbp designs shows that great pressure is not re- 
quired to hold the tubes firmli if the pressure is appbed eorrecth Prom Pm 3 
It can be seen that the test tube is held at six points of contact and not in a band- 
likc grasp Pour of these points of contact press the tube back against the other 
points to hold it firmli in place Plexibibti is offered bv the small indentations 


•From the BTCtenolog^ l>aboralonc« 
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at the base of the clip, the mannei in which the clip is held to the bai and tlie 
leiigdh of the clip aims 

The new lack has the following decided adiantages oiei otliei racks It is 
simple and compact in eonsti uetion and inexpensive to make It ivnll hold tivice 
the numbei of tubes in the space the oldei models lequiied It mil hold tiimh 
and seem eh am, tube beti\een ^ inch to 3 inch in diametei so that the contents 



TiB 2 — Showing the periect ^Is.lblUt> of the tube contents obtained with this method of 
supporting test tubes 



pjgr 3 — Sliowfng tlie piinciple on which the e'vmnded nnd unevpanded clip holds the test 

(A) Wing to facilitate the remo\al of the tube and to act as a point of contact. (B) 
Second point of contact with the test tube (C) Point of contact against whlcii the tube is 
forced bj points (A) and (B) (D) Indentations in tlie base of tlie clip which with the base 

allow a maximum of expansion 


of the tube aie nsible along its entne length — a featuie which will be appreci- 
ated b 3 ^ all those nho have manj'’ tests to read It ivill hold anv shape test tube, 
will withstand autoclaMng, and because of the simple const! action of the base is 
him and stable Lastly the lack is “student pioof,” holding up well uiidei 
lough usage The clips as expeiiment and constant usage in the baeteno- 
logic laboi atones of the Uiin eisitv of Notie Dame foi oi ei a i eai has shoivn, do 
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not spiead to anv appieciable cNlent and if stiamed bv a grossly oversize test 
tube can easilv be leplaced mth a nevr clip or the old damaged clip mav be 
pmehed together by the fingeis 

The principle on -which these racks are based, namely, the clips, can be used 
in Inan^ difterent ways These ehps may be adapted to racks for fermentation 
tubes, evpenraental museum esiibitions and culture libraries, to mention onh 
a few examples 

The racks are used in the same manner as the older models Test tubes are 
pushed into the clips fiom aboie and mar be diawn out the same way or quickei 
hr simply puUmg them out and away fiom the clip 



A LABORATORY CHRONOGRAPH PROVIDING INTERMITTENT AND 
CONSTANT CURRENT PROJI A DIRECT CURRENT LINE 

OP 110 VOLTS^ 


By 0 G Harnf, Baltimore, Md 


A SEMPLE electiieal chionometei operating upon 110 \olts A 0 has recently 
appealed and Mas described by Clnllmg^i ortli ^ In this chronometer a bat- 
tery of cells IS used to activate the laboratory apparatus In the present paper 
we offei a circuit opeiating upon D C lines, and used in our own installation 
VTieievei a 110 volt D C line is available, the circuit presented in Pig 1 
wiU piovide a convenient laboratoiw combination of inteimittent and diiect cur- 
rents One 01 many Imes to the laboratoiy tables mav be had offering intermit- 
tent eiiiient through a “single” cycle circuit bieaker seiving as a chronometer 
giving impulses at second intervals A 1/60 cycle cii ciiit breakei U® is propelled 
bv the same motoi pioviding minute inteivals The potential through the bieaker 
mechanism is controlled by Po, and is read off on V ^ Direct cm rent is supphed 
to am numbei of tables through P 3 in quantities up to 3 ampeies inth a 
potential contiolled bv P 4 at each table, ranging from 0 to 15 volts (Equiva- 
lent to 10 drv cells ) This unit of the combination is independent, and 
may be used alone as a complete substitute foi batteiies It may be used to le- 
place the batteij- ciicuit m apparatus alieady installed, without changing the 
internal wiiing,“ or altering the commutator discs ® 

This ciicuit piovides three lines to each laboratoiy table, 11) intermittent 
cncuit, (2) ground, and (3) the diiect euirent circuit Line 1 is made up of 
the two leads from the rotois of the ciicuit bieakeis fed thioiigh contact inserts 
C Line 2 IS a common gi ound for both intermittent and dii ect current Line 3 
aiises fiom the aim of P 3 and feeds the table potentiometers The voltage is 
contiolled by P 4 and lead off on V- Potential changes aie quicklv made bj^ 
rotating knob on arm of P 4 

All the apparatus mentioned thus far mav be pm chased upon the open 
market at low cost, except the circuit breakeis These are easilv piepared De- 
tail desciiption is given 111 a pievious article ® The number of lines through the 
circmt bieakers is limited onlj'^ by the numbei of contact inseits C The number 
of different time intervals possible ■with any one setting of Pi is linuted only bv 
the numbei of ciicuit breakers shunted into the circmt of Line 1 The selection 
of time intervals depends upon individual needs but legardless of the intervals 
selected, the apparatus operates efficientlj" 
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AN IMPEO^TilD ETHEK BOTTLE FOR ANIMAL ANESTHESIA* 


By R H K Poster, B Chem Eno , CniCAGo, III 


'^HE regulator herein desciibed was developed foi use vath aitificial respira- 
tion as pi ovided by the C P Palmei (London, S AV 2) artificial-i espiration 
machine This machine is provided with inlet and outlet i ah es arranged in such 
a vay that air passes only in one diiection through an ether bottle to a Y-tube 
attached to the tiacliea of the animal The animal e\liales thiougli the other arm 
of the Y-tube which connects mth the outlet i alves in the machine Howei er 
the ether regulator can be used until other types of aitificial-i espiration machines 
It can be used m spontaneous respnation if two one-ua-s i alves as used in 
metabolism appaiatus are employed in the circuit to prei ent lebieathing thiough 
the bottle 

Biiefly, the advantages of this ether-aii legidator aie a permanent lecoid 
of the anesthesia may be made on the Icj’-mograph tracing, the ethei vapor con- 
centration IS measiiied and easily adjusted at all times, a constant level of ether 
IS maintained in the bottle thereby peimitting uniform evapoiation of the liquid, 
and finally, the supply is replenished without tlie disadvantage of lemonng the 
bottle hd frequently 

The figure illustrates the ethei legulatoi mth dimensions giien in inches 
The fittings aie made of brass and soldeied to a standaid mason jai screw cap 
A small till can uith a tightly fitting cork stopper is used as a leseiioir foi the 
ether A hole is punched in the bottom and the can then soldeied around this 
hole to the stopcock L The othei end of the tube fiom L imis 4 inches below 
the mason jai cap This brings the open end of the tube fiom the leseivoir to 
about the middle of a one-quait jar As the liquid eiapoiates, an bubbles into 
the tube displacing ether fiom the leseivoir The stopper in the reseivoir must 
of course be kept tightly inserted except when refillmg when the valve L is closed 
Air fiom the aitificial-i espiration machine enters at A and goes to the am 
mal from the exit B Tube A is flattened at one end to foim a slot oiie-eighth 
mch ivide by one inch long Tube A is soldeied in place ovei a similar slot m the 
sleeve E Sleeve E has an exeuisioii of one inch on the vertical tube H In the 
middle of H theie is soldeied a thin partition, G Two slots, each one-eighth 
inch wide by one inch long are cut in tube H as shoivn at F The sleeve E slides 
ovei these slots, being kept m position by the guide pin 0 as shmvn 

When the sleeve mth the side arm A is in the midposition half the an will 
pass doivn into the ethei bottle and half will pass upwaid around the by-pass D, 
the two streams again merging in B By having the upper inch of tube H gradu- 
ated ui eighths, a scale is obtained whereby accurate adjustment of the mixture 
is easily effected The sleeve is maintained in a fixed position by the heavj^ 
spring-bronze friction strip K 

•From the Pharraacoloelcil Laboratorj UnUersiti of Chicago 
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The lug J ]s for the purpose of fastening a thread to a rmting lever for re- 
coiding on smoked paper In operating it is desirable to place tivo styluses to 
mark base bnes in order to indicate the mavimum and minimum excursions of 
the ether-air-mixture recording le^ er 

The sleei e should fit snugly on II, yet slide mth ease The by-pass D simply 
shps over the tops of tubes H and N .If is a flat brass strip to -which the \ anous 
tubes are soldered and -which in turn is soldered to the mason jar cap It also 
faeihtates screwing the cap on the jar Tube A must be three-fourths of an inch 
in diameter, so that the one end -when flattened -will have a slot one inch long. 



Fjg 1 


The slee\c is of such length that when completely lonered all the air passes 
through the ether bottle and -when completely raised none passes thronidi 

In order that the adiustment of the writing leier -will not he disturbed the 
other bottle is anchored to a nngstand bv clamps 




1 -Vn ethei.-^apoi rcgulatoi is described b% means of which a permanent 
recoid of the anesthesia is obtained Changes m circulation or respiration can 
1 C correlated with ana changes in the ether-aapor concentration 
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2 The pioportion of ether-vapoi to air can easily and faiilj" accuratel 5 " he 
1 emulated 

3 A constant ether le\ el can be maintained in the bottle, thus eliminating 
variations of ether-vapoi concenti ation due to changes in hquid level 

4 The ether bottle can be lefilled without lemoving the mason jai cap 
Thus in a prolonged expeiiment or series of expeiiments the jai can be anchoied 
in place, obviating the necessity of readjusting the lecording level each time the 
bottle IS refilled 

5 The del ice can be used in studying effects of changes in i apor concentra- 
tion and is suited to other volatile anesthetics such as chloioform 

6 The device is designed foi one-way air passage, thus eliminating lebieath- 
mg expired an from the dead space and ni addition using less ether 

In conclusion, the author wishes to evpress thanks to Dr H B Van Djkc and Dr A J 
Carlson for their cooperation in making suggestions and to Mr Gus Lutz whose mechanical 
skill and ingenuitj aided materially in producing a satisfactorj working mechmism 



METHOD FOR STAINIMG FECAL PROTOZOA® 


Bt R wsox J P1CK.VRD, M D , -iXD Clara Rice, R N , Sam Diego, Calif 


T he case of a phA sician ivlio for vears had had pathologic fatigue, brief diar- 
rheas, and abdominal distress, and who had examined his own stools many 
times both m fresh piepaiations and with iodine, with no othei finding than 
mnumerable j’cast cells, recentlv leimpressed on us the necessity for making all 
examinations for fecal protozoa from net fixed preparations stained with iron 
hematoxylin. The innumei able “least cells’ proied to be equally numerous 
cysts of the small race of E histoliTica (E Hartmanni) 

We have long used a technic modified from that given bv Langeron,’ bv a 
rapid method, obtaining preparations suited for species diagnosis, and bv a 
slower technic, gettmg regularlv pietuies fuUv as detailed as those obtamed by 
the somewhat lengthy Schaudinn fixation The examination for proper differ- 
entiation in creosote gives a clantv which is not possible with examination in 
water and the species diagnosis may be made then if permanent slides are not 
desired If further differentiation is leqmred the ereosote is readily removed 
with alcohol or if differentiation has gone too far the steps mav be retraced 
further back Also, due to the difficultv of obtaining the necessary quantities of 
ethyl alcohol, we found that the ordinary “ complete! v denatured alcohol, For- 
mula 1,” IS a perfectlv satisfactoiv substitute after it is clarified and pmified by 
distillation oier NaOH, ginng a water clear product of 95 per cent alcohols 

TECHNIC 

1 Fixation in alcohohc Bouin s solution, one hour, room temperature 
2 Harden fiie minutes 95 per cent alcohol 

3 Seventy per cent alcohol, five minutes, may leave m this mdefimtelv 
4. Wash in two changes water (tap) 

5 Feme alum 3 per cent 15 minutes at 32° C , rapid technic (12 hours 
room temperatuie for slow technic for precision of detail) 

6 Wash, two changes water (distiUed) 

7 One per cent hematoxilin 15 minutes at 32° C , (12 hours room temper- 
ature, slow technic) 

S Wash in water 

9 Differentiate in 3 per cent feme alum at 32° C, (at room temperature 
slow technic) ’ 

10 W ash in water 

11 AVash in 95 per cent alcohol 

12 Clear m crco<;ot(. diain off cxce':s examine with 50X oil immersion usino- 
^ '0 protect the lens from creosote If permanent preparation is 
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desired and the diffei entiation is collect foi the piotozoa found piesent, lemoic 
the cover 

13 Clear in xylol, mount in nvIoI balsam 

Age the 1 per cent hematoxylin six i\eeks in sunlight, add a ciystal of 
thymol to presence Alcoholic Bourn’s solution made fresh daily fiom 30 cc 
of 80 per cent alcohol saturated with piciic acid, 12 c c formalin (40 pei cent), 
and 3 c c glacial acetic acid Coplin jais for \aiious solutions Foi the fixation 
the flat Laveian “boxes” aie piefeiable Difterentiation laiies from a few sec- 
onds foi flagellates to seveial minutes foi the laigei amebic cysts, it must be 
conti oiled undei the microscope 

REFERENCE 

3 Langeron, M Precis do Microscopie, ed 4, Pans, 1025, Masson 



DEPARTMENT OP REVIEWS AND ABSTRACTS 


Eobebt a KiiDtirFE, M D , Abstract Editor 


B DEPHTHEEIAE Stain for, Gutstem, M and Nelsser, H Centralbl Baktenoi 108 
253, 1928 

1 Stain two to three minutes with I per cent aqueous Azure H- 

2 Wash in water 

3 Differentiate with 3 per cent acetic acid (one to three seconds) 

Granules are reddish iiofet, bodies blue 

or 

1 Stain two to three minutes ivitli 1 per cent aqueous Azure TI 

2 Wash with water 

3 Wash with aqueous ehrTSalinme 
Granules are black, body vellow 

AIAEEGIG ASTHMA Nonspecific Desensltizatlon Therapy in The Eosinophilic Index as 
a Guide to Intramuscular Injection of Venom Protein, Spangler, R H. Arch Int 
lied 36 7T9, 1925 

It would be of value if a method could be established for regulating the strength of 
the dose and the frequency with which a protein injection should be given m order to keep a 
patient nonspecifically desensitized 

Spangler, who has used intramuscular injections of venom protein (crotalm) for many 
vears, suggests a studv of the eosinophiles in the differential count (eosmophibc index) as 
a satisfactorv guide 

As a Tule, the highest nse in eosinophiles after crotalm injections {^oo fo gram) 
occurs bv the second or third day 

It IS his practice not to repeat an injection if the eosinophile count has not dropped 
to normal or to the preinjection level bv the fifth dav after injection Moreover, it is wise 
not to increase the dose if anv given dose i= producing an eosinophilia of S to JO per cent 
bi the second or third dav after imection 

KOTTMAN reaction Diagnostic Value of the Kottman Eeactiou in Thyroid 
Dysfunction Am Jour :Mcd Sc 172 S4, 1926 

From a studv of 101 cases, including hi’perthrroidism and various pathologic con 
ditions, Katavama concludes that 

It IS generalh conceded among phvsioiogiets and clinicians that the defennination of 
the basal metabolic rate is the most dependable laboratorv index of thvroid activitv In 
creased thiToid 'oeretion produces a lowering of the tolerance for carbohydrate, but there 
are numerous other conditions in which the tolerance for carbohydrate mav be diminished 
Hence the occurrence of high blood and unne sugar curve after the ingestion of glucos** 
is not in it'elf indicative of hvperthvroidisin In hvperthvroidisra, however, the blood and 
unne sugar curves after glucose fumi«li information concerning a phase of carbohidrate 
mctaholisni which is not gauged bv the basal metabolic rate 

The basis of the Kottmann reaction is obscure, and hence it is diincnlt to sos ,n nhsf 
mmner thvroid activity influences it ' 
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BEAUT TtlMOE Tello-w Spinal Fluid Associated ■wltli Tumor of the Brain, Comfort, 
M. W Arch Neurol and Psychiat 16 751, 1920 

The present renew has led to the belief that a defimte localizing and prognostic sig 
mOcance is attached to the presence of xanthochromic fluids in cases of brain tumor, and 
that the following conclusions, although based on the study of a comparatively small group 
of cases, are justified 

Yellow spinal fluid associated with tumor of the brain occurs much more frequently 
than the reported cases mdicate In the present series, xanthocliromia occurred in appron 
mately 20 per cent of the cases of tumor of the brain 

Xanthochronuc spinal fluid associated with a tumor of the brain indicates the involve 
ment of the ventricle or external surface of the brain, and that the tumor is sufficiently 
vascular and soft, or so surrounded by engorged lessels, as to pernut hemorrhage or transu 
dation into the cerebrospinal fluid 

The available evidence points to a hemolytic origin for the xanthochromia accompany 
ing tumor of the brain, a serous ongm, while theoretically possible, has not been proved 
The hemorrhages accounting for the coloration are conceived of as being scanty and 
repeated 

The number of erythrocytes present is a measure of the softness and the vascularity of 
the tumor 

Xanthochromia combined with the presence of many erythrocytes, indicating the pres 
ence of a soft vascular tumor prone to hemorrhage, should greatly increase the nsk of, and 
possibly contraindicate, those operative procedures which markedly reduce the intraventricular 
pressure 

BIABBTBS Eelation of Abdominal and Eectal Infections to the Pathogenesis of Dia- 
betes MeUltus, Visher, J W Am Jour Mod Sc 171 83C, 192G 

The underljong pathologic change in diabetes m manv cases is a pancreatitis 
This pancreatitis may originate in acute infectious diseases, and from hematogenous 
focal infections 

Five cases of diabetes mellitus apparently secondary to abdominal and rectal infec 
tions are reported, with improvement following surgical intervention 

The opinion is ventured that m these cases the infection reached the pancreas through 
the lymphatics, either directly or by wav of the portal circulation 

The conclusion is suggested that abdominal and rectal infections are important etio 
logic factors in the etiology of diabetes mellitus 

MBECUEOCHEOME 220 SOLUBLE The Use of, In the Treatment of Infectious Diseases 
of the SMn, Young, H H , Hill, J H , and Denny, "W L Arch Dermat and Syph 13 
465, 1926 

The following cases in which mercurochromo was used mtravenously are reported 
Twenty four patients with erysipelas, of whom twenty (83 3 per cent) were cured or 
greatly improved, eleven patients with furuncles and carbuncles, of whom ten were cured 
and one greatly improved, four cases of chancroidal ulcerations, all of which healed rapidly, 
thirty six patients vnth cellulitis and abscesses, of whom twenty one (58 3 per cent) recov 
ered promptly with no other treatment, and nine of whom (25 per cent) showed marked 
improvement and recovery after mercurochrome therapy, other treatment being also given, 
making a total of thirty cases, or S3 3 per cent, cured or greatly improved , two patients 
with gas gangrene, in both of whom the infection was eliminated, one patient with diabetic 
gangrene, m whom an accompanying infection was checked, three patients with pemphigus, 
all of whom showed marked improvement, two of them so far without relapse, one with 
relapse, four patients with psoriasis, two of whom are apparently cured, one markedly im 
proved, and one improved, but with a relapse, one patient with eczema, temporarily im 
proved, one patient with syphilis with extenor skin lesions, in whom the lesions were healed. 
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fortv four patients mth leprosr, twenty eight (63 3 per cent) of whom were improved and 
with remarkable disappearance of the skin ulcers 

HTPEEGLYCEMIA The Kelatlve Blood ‘Voltunes in Diabetes Mellitus, Toshay, I> Arch 

Int Med 36 SS9, 1925 

Polvana and exsiccation occur in diabetes in proportion to the seventr of the disease 
It seems probable, then, that diuresis and renal permeabibty have some influence in deter 
mining the course If so, diabetes in the vonng should show more evidence of blood and tis 
sue dehvdration than in the elderlv in whom the disease is less apt to be as severe 

The studies of Foshay were designed to secure evidence as to the correctness of these 
suppositions 

Tissue exsiccation was determined by clinical observations of the skin, subcutaneous tis 
sues, and mucus membranes, anhydremia and hydremia by the relative volumes of serum 
calculated by the method of Stewart 

Studies were made of 13 young diabetics, 15 arteriosclerotic diabetics presenting acute 
exacerbations, and S pabents who had been long under treatment, as a result of which the 
following conclusions are presented 

Diabetes melbtns produces marked changes in water distribution and m the total water 
balance of the body The degree of these changes is modified by the degree of hyperglvcemia 
and the rate of onset, and their character by vascular disease and renal permeabQity 

Heducbon of hvperglycemia or the acbon of insulin may produce either a decrease or 
increase in the eoncentrabon and viseositv of the blood depending, m either case, on the 
antecedent water content 


GONOEEHEA The Diagnosis of. Through Intracutaneons Vaccine Injections, Kohler, H. 

Ztschr f urol Chir 19 54, 1926 

As a result of his experimental studies Kohler concludes that the indurabon of the skin 
produced bv the lutracntaneous in3ecbon of 0 5 c.c. of gonococcus vaccine containing 3,000 
to 10,000 organisms per cubic centimeter, if it perasts more than twentrfour hours, is spe 
cific for gonorrheal infection, either present or recent 


BLOOD Physical and Chemical Studies of Human, from Cases of Diabetes Mellitus, 

Eoshay, L. Arch Int :Med 37 18, 1926 

The following studies were made on defibnnated blood 

1 Ervthrocvte count in duplicate and checking to 250,000 per cn mm 

2 Electrical conducbvitv of whole blood and ssmm, the result expressed as specific 
condnchvibes (K y 10« at 50° C ) 

3 Eclabve volumes of serum and erythrocrtes bv calculation 

4 Average ervthrocvte volume the relabve volume of ervthrocvtes in cn. mm divided 
bv the number of erythrocvtes per cu ram Expre^^sod as cubic microns 

5 Glucose m serum and whole blood determined bv Folin Wu technic 

6 CWormc determined bv 'Whitehom’s method (Jonr Biol Chem , Febmarv igoi 
xlv, 449) 

< Corpuscular chlorine and corpuscular glucose concentrations 

% in cells = % whole blood - (senu n volume Vc y Vo in serum) 

cell volume 5c 

S Grams glucose and grams chlorine per ervthrocTte 
Grams substance per 1 cn mm cells y coH volume 5o c* 

Xumber of cells per cn mm rams su stance per cell 

tration^'"'"'^'^ conductivitv of whole blood and serum vanes inverselv as the concen 


In own 


In diabetes a “ condnctintv chlonde discrepancv” occurs, the cause of which is no‘ 
The normal ervthrocvte volume is approximatclv 70 cubic microns 
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In all tlio jouug diabetic patients and in tno of the arteriosclerotic patients with acute 
exacerbations, the volume aierage 85 to 90 cubic microns "With recoiory the volume returned 
to normal 

The order of eients would seem to be as follows In joung patients In perglj cemia 
produces a dehjdration of the blood and of the fixed tissues, thus causing a noniolatile 
acidosis with consequent increase in ci^tlirocjtc volume bj reason of water transference 
This mav be considered the predisposuig cause of diabetic acidosis. As cellular metabolism 
becomes more and more abnormal there is a production of ketone acids in increasingly larger 
amounts, this further diminishes the plasma alkaline reserve In cases of seiere acidosis 
wath rapid onset, no doubt both processes become important factors 

In elderly, arteriosclerotic patients, hvporgljcemia does not result in dehydration and 
acidosis, hence no water transference from the plasma to the erythrocytes and no increase 
in erythrocyte volume occur The patients live in relative comfort and are not in constant 
danger of acidosis and coma If a serious dietary indiscretion or acute infection supervenes, 
then deliydration, acidosis, and coma occur just as in the voung diabetic patient 

In general, the corpuscular glucose is usually a little less than the concentration in the 
serum, however, with increasing hypergh ceiiiia the greater portion of the glucose is found 
in the serum and conversely 

Concerning the distribution of chlorine, the only constant finding in diabetes is that in 
the presence of hvpergly cemia the chlorine concentration of whole blood is always diminished 
A consistent relationship between hyperglycemia and corpuscular chlorine was not found 

In untreated, arteriosclerotic diabetic patients there was no evidence of diminished blood 
alkalinitv unless the patient was in coma 

WASSEEMANN EEACTION The Rational Use, Haythom, S R Ann Clin Med 4 493, 
1925 

Haythom uses the laboratory requisition below in order to acquire reliable statistics 

VVASSERMALN PEqPISITION 

Please fill out for research data The laboratory reserves the right to witlihold the re 
port until the requisition blank has been filled out 

Blood 

Name Spinal Fluid Date Hour 

Hospital Address Physician 

Nationality Sex Mamed Ago 

Chief Complaint 

Clinical Diagnosis 

Is the patient suffering from any febrile disease? 

Clinical indications of specific disease (place circle around type indicated) 

None, Questionable, Primary, Secondary, Tertiary, Hereditary, Cerebrospinal 

Duration of suspected specific disease 

Results of previous TVassermann tests 

Approximate number of arsphenainine treatments 

How long since last treatment? 

Other antiluetic treatments 

If your reason for requesting the test has not appeared in filling out the above blank, will 
you kindly state it here 


Pregnant Month Miscamages 

Postpartum Days 

TDEERCUIiOSIS AND ASPERGELLOSIS Aspergillosis of the Lungs and Its Association 
with Tuberculosis, Lapham, M E Jour Am Med A«sn 87 1032 192G 

Lapham summarizes from the literature the reports of pulmonaiy aspergillosis m human 
beings, calls attention to the difficulty of differentiating this condition from tuberculosis and 
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expresses the belief that it is a more frequent complication or concomitant of tuberculosis 
than IS recognized She argues for routine cultures of the sputum in tuberculosis and saxs 
“Here is a disease that is capable of cansmg pleunsr, acute and chrome, bronchitis 
acute and clironic, pneumomas, acute and chronic, emphvsema, bronchiectasis, atelectasis, 
sclerobe fibrosis , tubercles , cavities , endarteritis , thrombosis , infarcts , hemorrhages , asthma 
IVould it be strange if such a disease should senouslr compbeate or even inhibit recovery in 
a case of tuberculosis!'’ 

She concludes that vre ate thoronghlv ignorant of the frequenev of aspergillosis both as 
a pnmarv and as a secondary disease 

have no idea hoiv much aspergillosis of the lungs predisposes to tuberculosis in hu 
man bemgs or in cons 

We do not know how much it impedes or even inhibits recoverv m cases of tuberculosis 
We have no idea whatever as to its association with acute respiratorv diseases 
We know that it affects cows much as it does human beings 
We know that it gives the same reacbon to tubercubn that tuberenlosis does. 

Should we applv this knowledge to the studv of the tuberculosis of dairv herds'? 

In order to gam adequate mformabon as to the frcqnencv and importance of this dis 
ease, should not a systemabc research studv be made 

3 Bv detennimng the percentage of aspergillosis cases among the tuberculosis cases m 
the large tuberculosis sanatonums 

2 By detemuiimg the percentage of cases of aspergillosis m the lungs at necropsies 

3 Bv detennimng the percentage of cases of aspergillosis in cases of respiratorv dis- 
eases 

4 Bv applviDg these pmiciples to dairv herds 

XOEEIGK BODIES IN THE LUNG Pathologic Changes in Lung Tissue as the Eesult of 
Foreign Bodies of Iiong Sojourn, Manges, W F Tour Am Med As^n 87 9S7 1026 

For the purpose of this paper, a foreign bodv is one of long sojourn after it has been 
present in the air passages for two months or more and hp to as manv as thirtvfive vears, 
except that in one or two instances the sojourn has been less than two months but the patho 
logic changes are unusual Serious pathologic changes do occur at times in cases of much 
shorter duration, bat these are more or less constantiv the acute tvpe, such as infecbon, 
emphvsema or atelectasis, with which phvsiciaus are quite familiar 

An aspirated foreign bodv m anv porbon of the tracheobronchial tree will sooner or 
later cause extensive permanent injurv 

There is great variation as to the length of time a foreign bodv mav be present before 
cansmg extensive changes, but those that interfere with dramage do, as a rule, cause mjnrv 
tarlv 

The permanent pathologic change is distal to the point at which drainage is blocked 
The foreign bodv is at or distal to this point 

The end results are in the nature of atelectasi', fibrosis, bronchiectasis and chrome 
abscess, with vamng quantities of purulent exudate Hemorrhage is common, tuberculosis 
is often suspected but is rareh present The other lung remains remarkablv free from 
pathologic change 

Manges believes that manv of the one sided, chronic, basal infecbons are the result of 
foreign bodv, regardless of histon or of roentgenographic shadow of foreign bodv *lnch 

esions should at least be investigated bronchoscopicallv, and manv should be treated in this 
manner 


FOEEIGN bodies in AIE passages Xive Fishes Impacted in Food and Air Passages 
of Man, Gudget E W \reh Path and Lab Mori 2 ITT 3026 

bibliographer to the American Museum of Natural Hi=torv has col 

IT, "Its ■« I."— 1 
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The paper is most readable and of e\treme interest but does not lend itself to abstrae 

tion 

OAEOINOMA Grading the Malignancy of Carcinoma, Grading and Practical Application, 

Broders, A. C Arch Path and Lab Mod 2 376, 1020 

Broders uses the follomng classification 

If an epitheboma shons a marked tcndencj to differentiate, that is, if about three 
fourths of its structure is differentiated epithelium and one fourth undifferentiated, it is 
graded 1, if the differentiated and undifferentiated epithelium are about equal, it is graded 

2, if the undifferentiated epithebuni forms about three fourths and the differentiated about 
one fourth of the growth, it is graded 3 , if there is no tendencj of the colls to differentiate, 
it IS graded 4 Of course, the number of mitotic figures and the number of cells with single 
large deeply staining nucleob (one ejed cells) plaj an important part m the gradmg 

He further modified this conception as follows 

Instead of a Grade 1 epithelioma in which about three fourths of the cells are differen 
tiated and one-fourth undifferentiated, should be substituted a Grade 1 epithelioma, one in 
wnich differentiation or self control ranges from almost 100 to 75 per cent, and undifferen 
tiation from almost nothing to 25 per cent, a Grade 2 epithelioma, one m which differentia 
tion or self control ranges from 75 to 50 per cent, and undifferentiation from 25 to 50 per 
cent, a Grade 3 epitheboma one in which differentiation or self control ranges from 50 to 
25 per cent, and undifferentiation from 50 to 75 per cent, and a Grade 4 epitheboma, one m 
which differentiation or self control ranges from 25 per cent to practically nothing, and 
undifferentiation from 75 to practicaUr 100 per cent So far as an estimation of the ulti 
mate result is concerned, this revision will have no effect on Grades 1 and 2, but will affect 
sbghtly Grades 3 and 4, because a small percentage of neoplasms, formerly classified Grade 

3, will now be classified Grade 4 In other words, the most malignant of the Grade 3 neo 
plasms will bo classified in Grade 4 

He calls attention to the practical application of this procedure in these words 

“Turning to the practical side of the grading of cancer, it is well known that cancer 
of Grade 1 shows praoticalij no tendency to metastasize, and therefore in dealing with sucli 
neoplasms it does not seem neccssaiy to remove the regional lymph nodes This saves the 
patient unnecessary operative procedures As practically all cancers of Grade 4 with metas 
tasis prove fatal sooner or later, the patients should not be subjected to an operation involv 
ing the regional lymph nodes unless they are in close proximity to the primary growth, cancer 
for the stomach for example Judd New, and Figi bebeve it is useless to perform block 
dissection of the neck in the presence of a Grade 4 epitlieboma of the bp, tongue, cheeks, 
floor of the mouth or antrum, etc In cases of cancer of Grade 2 and in a certain proper 
tion of those of Grade 3, with metastasis, removal of the regional lymph nodes offers a per 
manent cure in a fair number of cases, as evidenced by the fact that ten (33 3 per cent) of 
thirty patients with squamous cell epitheboma of the bp of Grades 2 and 3, with metastasis 
in one group of submaxillary lymph nodes, were living and well on an average of six and 
one fifth years after removal of the nodes 

OZENA, BACTEEIOLOGT BaciUus Ozena Boetidae, Perez, and Bacillus Proteus in 

Ozena, Mlchailoff, A Bull Johns Hopkins Hosp 39 15S, 1926 

Ozena is a chronic disease of the nose characterized by a mucopurulent discharge, 
crusts, a specific fetid odor, and atrophy of the turbinate bones 

A bactenologie study of twenty eight cases The bacillus described by Perez was iso 
lated in only seven cases A bacillus of the proteus group was also found with sufficient 
frequency to warrent study of its connection with the disease 

Bactenologie and immunologic studies are reported in detail and the author's concln 
sions are as follows 

Although the cultural and fermeniative properties are insufficient to identify Perez 
bacillus as atypical Proteus, we are justified in thinking that it constitutes a sub group which 
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has lost some of its fermentative properties, a frequent occurrence mth the most typical 
proteus, and that B ozawnae liquefaciens Shiga is a tvpical B proteus vulgans 

The agglutination and agglutmm absorption tests show Perez bacillus to be very closelv 
related to B proteus, Perez X is intermediate between the two species, having agglutinative 
properties as strong for Perez bacillus as for B proteus Each bacillus of this group has a 
serologic mdinduabty more or less close to the Perez or proteus species Of the fourteen 
bacilli, no two are identical Agglutinin absorption shows clearlv that the motJe strains, 
B ozaenae bqnefaciens Shiga, and E proteus vulgans, as a rule, have them coagglutmative 
branches reduced or removed when absorption is done with the motile bacillus, and vice 
versa, thev are more closely related to each other than to the nonmotile Perez species and 
can be identified as belonging to the same group as B proteus 

Complement fixation shows that the two vaneties, mohle and nonmotile, have a very 
close relation Some Perez and Proteus baciUi have identical properties as antigens agamst 
a given serum and this reaction appears to show closer relabonship than the agglutination 
or agglutmm absorption test There is no correlation between the complement fixation and 
agglnhnation test 

The more specific flocculation reaction also shows the organisms to be verv closely 
related, but onlv Perez II and Hofer’s Perez baeJb have idenbcal properties, while of these 
only the latter shows flocculation with B proteus 

E proteus, B perez, and B ozaenae liquefaciens have identical pathologic properties 
Each produces the four different tvpes of infection (a) toxico septicemic congestive and 
hemorrhagic lesions, (b) chrome pyemic, mucosal, and endothebal exudative and prolifera 
tive lesions, (c) local exudative lesions, and (d) special necrotic lesions due to complex 
pathologic processes 

All the strams studied produce a toxin identical with that of Hofer's Perez badUns 
and Proteus vulgans 

Cross immumzation shows that Perez baciUns and B proteus have identical immunizing 
properties, protecting completelv or produemg sufScient protection to mdicate theur identitv 
or verv close relationship 

On the basis of the above conclnsions it follows that the Perez bamllns is a member of 
the large group of Proteus baciUi 

The etiologic relation of the Protens Perez group to ozaenae fetida has been suggested 
bv manv worhers because of the frequent findmg of these organisms m the nasal discharge of 
such cases The Proteus group exhibits an afifinitv for the blood vessels and mucosae, has 
pathogenic power, produemg chronic necrotic lesions and nasal ulceration and discharge "We 
never produced green crusts or atrophv of the turbinate bones m the rabbit, and therefore 
wc cannot conclude that m human beings B protens produces ozaena fehda, and that this 
bacillus acts as a pnmarv etiologic agent The frequenev of its occurrence and the specific 
malodor found m the cultures show that B protens m mvolved m the pathogenesis of ozaena, 
and whether implanted pnmanlv or secondanlv, is the cause of the fetor, discharge, and 
ulceration 
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Histopathology of Skin Diseases 

I T IS, of course, fortunate for the patient that fci\ die as a result of diseases of the skin 
per se, but unfortunate from a scicntitic standpoint in that this fact has undoubtedly 
retarded advancement in the understanding of these conditions 

There arc lolunies galore upon the sjniptomatologi of diseases of the skin and in 
numerable conipendiunis of formulae for their treatment But there are fen lolumes, in 
deed, which present in an authoritatiic and comprehensn c uav the details of the histo 
pathologi of diseases of the skin 

Dr ilcCarthi and the publishers are to be congratulated, and the thanks of the 
medical profession are duo to klr Tnixton Beale through whose gonerosits the publication 
was made possible, for the emmenth successful completion of this publication 

Mithout doubt, this book mil become an autbontativo reference for the profession at 
large and will establish a standard for sninlar Morks of the future 

Dr McCarthi, in his presentation of the snb7ect shous not onlr a thorough compre 
hcnsion of its ma^^ ramitications, eiidcnth based upon an evtensne and practical e\ 
penence, but also a thorough knou ledge of the literature 

As IS well knoun, a noil conceiicd and uell executed illustration is often more in 
fomiatxie than pages of desenptne text This book, therefore, is uoll and profusely lUus 
trated manv of the plates being in color While nucropbotographs are not neglected, great 
reliance has wiselj been placed upon careful, accurate, and excellent drawings in which the 
essential features can be clcarh shown and the unessential minimired 

The reproduction of the dramngs and cspccialh of the colored plates are exception 
ally well done and when, as in this book, both text and illustrations are equally well done 
and truly complementary, the result is a \oluinc of the greatest laluc to students of the 
subject 

This book maj bo recommended mthout rcsene as a most inliiable and useful con 
tnbution to an important and, in inanj uajs, obscure subject 


The Regfulation of Size As Illustrated In Unicellular Organismsf 

S IZE IS one of the chief properties of liiing organisms and the problem of size regula 
tion IS one to which the attention of science has long been turned and in connection 
with which a number of more or less dircetlv related obseriations haie been recorded 

In this book the pertinent data in this field baA e been collected, arranged, and 
weighed by Professor Adolph so that the iua cstigations of manv obseri ors are here out 
lined as a coordinated whole 

The book coicrs a field as jet but little tilled and constitutes a coiitnbution of dis 
tinot interest to biologj and kindred sciences 


•Histopathology of Skin Diseases Bj Lee McCarthj D Associate Chnical 
of Dermatoloffj Georgetown UnlAersID jMedical School, etc Cloth 513 pages 251 illustrations 
nianj in color The C V Mosbj Co St Louis Mo , , _ , -o a AUoinh 

tThe Regulation of Size as Illustrated in Unicellular Organisms Bj Edtvard A Adoipn, 
Associate Professor of Phvsiology In the Uniiersltj of Rochester Cloth 230 pages 66 figures 
C C Thomas Springfield, 111 


502 



'The Journal of 
Laboratory and Clinical 
Medicine 

Tol XTII St Loos, ilo , Pebhuart, 1932 


Editor ^AEREN T VAUGHAN, MD 
Eiehmond, Va. 

ASSOCIATE EDITORS 


Dekkis E Jacksok, ilD 
Paul G "Woollet, >I D 
J J B MACLEOD, MB 
TV C MacCaett, MJl» 
Gekald B Webb, MJO 
VicTOP C Mtebs, PhJD 
Bussell L HAdeit, M D 
JoKN' A Kolmee, MJO 
Eobept a Kilduefe, M D 
Gzoege Heeehakn, M J) 

T B Maoath, MD 
Dean Leuts, MJD 
M. H Soule, ScD 


Crs dSTJ ATI 

Los Asgeles 

AbEEDEEV, ScOTLA^^5 
Eochestee, Mikn 
COLOP-ADO Springs 

- Cleveland 

- Cleveland 
Philadelphia 

- Atlantic City, N J 
Galveston 
Eochestee, Minn 

BALTniOEE 

Ann Aeboe, Mich. 


Contents of this Journal Copyright, 1932, bv The C T Mosby Company — ^AU Eights Reserved 
Entered at the Post Office at St Louis, Mo , as Second Class Matter Additional entry as 
Second Class Matter at Fulton, Mo 


EDITORIAL 


Protein Digestion and Food AUergy 

OIKCE men first reached that stage where they could compare experiences, 
food idiosvnerasv has prohabh been a lecognized entity The interpretation 
01 these isolated individualistic manifestations has necessarily varied at different 
epochs, dependent upon the medical teachings of the day, some of which indeed 
have persisted and still color our dietarv prescriptions Such for example is 
prohahlv the popular hehef m poisonous combmations of otherwise harmless 
foods, as sea foods and cream eaten at the same meal ]Manv of the arbitrary 
diets for gall bladder disease and colitis still to be found in modem textbooks 
I'ould appear to be based upon cumulative past experience with cases of food 
idiosvTicrasv’ 

The striking picture of respiratorv anaphvlactic death in the guinea pig led 
to the suggestion that bronchial astluna might be associated vnth protein sensiti- 
zation Knowledge that experimental anaplivhxis mav be produced with food 
proteins resulted in the demonstration that alimentary allergens as well as in- 
halant allergens could produce allergic manifestations But at the betrinnin" the 
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only manifestations whicli weie unnei sally accepted as indubitably allergic were 
bronchial asthma, vasomotoi ihmitis and mticana Aftei it had been demon- 
strated that the alleigic response consists primanlj^ m smooth muscle spasm and 
serous exudation, and that although the leaetion is piedominantly respiiatoij^ in 
guinea pigs, it is piedominantlj’ circulatory and hepatic in labbits, and gastroin- 
testinal in dogs, horses, hogs and cattle, tlie conception giadually gamed accept- 
ance that a gieat variety of oigans and tissues might be involved in the anaphy- 
lactic response and may theiefore become responsible foi symptoms 

Even in the guinea pig, although the stai tlmg picture manifests itself in the 
respiratory system, othei tissues take pait m the lesponse The expeiiments 
with sensitized guinea pig uterus are well Icnoivn Kendall and Shumate^ haie 
recently demonstiated and studied quantitatively the anaphj lactic reaction in 
the intestinal musculature of guinea pigs They found greatest anaphylactic 
response in the loweimost portions of the small intestine, giadually diminishing 
upwards, with least i espouse m the Ion er portion of the duodenum In the up- 
per duodenum anaphylactic sensitiiity was again inci eased The participation 
of the intestinal tiact in tlie alleigic lesponse appears to haie been experi- 
mentally demonstiated Indeed Templeton and Bollens“ ha%e devised a method 
for the study of anaphylaxis, compaiable to the uterine strip method, m which 
they measure increased tonus witlun the leetum and lonei colon as evidence of 
anaphylactic lesponse 

Studies of gastrointestinal absoiption, in the pioduction of expeiimental 
anaphylaxis, have necessitated a thoiough revision of our imdei standing of the 
physiology of digestion No longer can we state that pioteins are completely 
broken down into their constituent ammo acids m the intestines, and absorbed 
thi ough the mucosa as such 

Assuming that sensitization may occur thiough intestinal absorption, how 
does it happen? Schloss and Worthen^ found by pieeipitin and anaphylactic 
tests applied to the urine, that the intestinal tiact of noimal infants is imperme- 
able to undigested foieign piotcin In the presence of gastiomtestmal dis- 
turbances however, protein was found to be absoibed, eithei imdigested or par- 
tially digested and excreted m the mine This seemed a simple explanation We 
become sensitized to food protein as a lesiilt of gastiomtestmal distmbances 
which allow the passage of undigested alleigen into the blood 

Hettwer and Knz* substantiated these findings by sensitizing guinea pigs to 
horse serum following its introduction into a temporarily ligated loop of small 
intestine They found that stasis and mcieased mtramtestmal piessiire were 
necessaiy to promote absorption They obtained similar results following chem- 
ical in itation without stasis, by the introduction of horse seiimi into the un- 
bgated intestine together with small amounts of sodium fluoride Not only did 
they sensitize guinea pigs in this mannei but using the same method thei were 
also able to produce anaphylactic reaction m pieviously sensitized pigs 

The liver appears to exert a regulatois’’ and detoxicating function dunng 
digestion Presumably it lemoves imdigested piotem from the poital blood 
thereby mterfering with its entiance into the systemic circulation Egg white 
mjected mto the circulation appears m the mine sooner vhen introduced through 
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an ear vein than through a mesenteric vessel AVhen injected into a mesenteric 
vessel, it appears to be removed m part at least bv the liver and make its appear- 
ance in the bile In guinea pigs pi eviously sensitized against egg vhite this pro- 
tein causes death more lapidly and in small doses irhen injected directly into 
the svstemic cireulation than vhen introduced into the portal system 

Had investigations stopped at this point the current teachings of physiologi' 
ivonld have required no alteration Proteins are digested in the lumen of the gut 
and absorbed as ammo acids except in the presence of local gastromtestinal dis- 
tuibance mth resulting increased permeabilitv, vhen they may be absorbed in- 
completelv digested, and produce sensitization 

But Bosenau® succeeded in sensitizing guinea pigs foUoiving the oi al admin- 
istration of horse serum as did also Hettwer and Knz LaBoehe, Richet and 
Samt Girons® succeeded m sensitizing guinea pigs to egg white bv the oral route 
Stokvis" as well as Van Alstvne® showed that raw egg nhite taken into the ab- 
mentarv tract may enter the circulation and be excreted through the urme 
PmaUv 'Walzer® and his coUaboiators demonstrated by the method of passive 
transfer that undigested proteins are absorbed and appear m the cireulation of 
normal nonallergic individuals A small amount of serum from an mdividual 
sensitive to egg was introduced into the skm of a nonaUergic person 'Wlien sub- 
sequently the latter ate eggs, a local positive allergic reaction appeared at the site 
of the intradennal inoculation The egg in the food was absorbed and earned 
through the blood to the site of the inoculation, its chemical makeup stiU suff- 
eientlv characteristic of egg white to give a specific response This was demon- 
strated repeatedly not onlv with egg protem but also with fish protein 

. Coca’® has shown that contrary to former belief, protein does pass in mi- 
nute amounts through dialvzing membranes If we consider the alimentarv tract 
such a membrane he has shoivn that amounts of food protem sufBcient to be of 
clinical significance raav thus pass normaUv into the circulation This observa- 
tion explains those of “Walzer and his collaborators 

So we must modifv our concept to recognize that unaltered protem or only 
partiallv digested protein may normaUv be absorbed into the circulation This 
does not clanfi the question as to whv some persons become sensitized while 
others do not, but it removes the site of initiation of sensitization from the mtes- 
tinal mucosa to the tissues themselves The localization of the aUergie response 
in different.organs or tissues remains unexplamed 
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SYMPOSIUM ON CLINICAL BACTERIOLOGY 


THE BROADER ASPECTS OP ROUTINE CULTU'RAL EXAiONATIONS® 


By RxjTH Gilbctt 31 D , Albany, N Y 


T he subject IS so comprehensn e that the discussion is confined to a resume 
of factors ivhieh tend to enhance the value of those aspects of bactenologic 
procedures emploied in examinations for ph^slclans and sanitarians Experi- 
ence has pro^ ed that the u ork should be undertaken only in case it can be done 
expertU The phvsician had better trust to his clinical findings and the sani- 
tarian depend upon his inspection of environment or of methods and equipment 
than attempt to secure data from a laboratory unless practicaUv implicit reliance 
can be placed upon its reports The character, education, and training of the 
director and his assistants are thus of pnmam' importance The nature of the 
training which is required depends somewhat on the kind of work undertaken 
If information is desired uhich vould be of assistance in the diagnosis or treat- 
ment of mdmduals uho are ill, tlie person in charge, besides hanng had adequate 
training and experience in pathologc and bactenologv and in the fundamentals 
of eliemistm' should be familiar with the clinical manifestations of disease In 
case the laboratory seiies the sanitarian also, its director should in addition 
haie a Knon ledge of pertinent phases of sanitan engineering and the principles 
undeihing the production of the materials to be tested The technical assistants 
needed for all ts-pes of bactenologic work should be thoroughlv reliable and keen 
to note and report to their superior am unusual results nhich mas be obtained 
Their training should be adequate for the procedures assigned to them Unstenle 
equipment and faultv technic niav of course entireh mtiate the significance of 
bactenologic findings 

A sufficient amount of satisfactorv equipment is important IVliile an in- 
genious bacteriologist can often improMse suitable apparatus Ins time and 
cncrgi should be conserced for his professional duties if the siipplias needed are 
Piircbaseable 

IUnlii,**'ui™„'’'‘' Di'Llon of Labontorit« nnd Pescirch New lork State Department of 
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The pi oeedm es followed in bacteriologic CAaininations depend somewhat on 
the puipose foi iihicli they aie undertaken, that is, uhetlicr they are designed 
to aid in diagnosis or to deteimine yhether the patient is a carrier of a certain 
species of hacteiia oi can safelj- he icleased from quarantine Another distinct 
gioup of examinations consists of those made foi purposes of controlling sani- 
taiy conditions in the enviionment 

In case the physician uishes aid m diagnosis, the laboiatoiy worker 
should, uherever possible, study the patient with the clinician and arrange for 
the collection of suitable mateiial for examination Wlien this direct contact 
with the patient cannot oceiii, the physician submitting the specimen should 
furnish all the pertinent data yhieli aie available The bactei lologist is then 
in a position to render intelligent sein ice When tests are undertaken to demon- 
strate evidence of the earriei condition oi in connection vith release from quar- 
antine examinations of a routine natuic are usually all that are required, 
although proper piecautions must be taken to insuie the collection of suitable 
specimens Samples of vater should be accompanied by infoimation concerning 
the samtaiy conditions uhich prevail in the ennionment of the souices, othei- 
vise, the results of bacteiiologie tests cannot be e\aluated 

It IS most desiiable that samples of milk and vater be examined in aceoid- 
ance vnth an established routine (standard methods), so that results from aU 
laboratories may be comparable Daimnen and other producers vho have difiS- 
culties in maintaining then products at an adequate sanitary standard can fre- 
quently be given matei lal assistance through the interpretation of some of these 
findings The species of bacteria present often suggest their souice and the 
points at which defects or faulty methods mav be expected 

Specimens examined for purposes ot diagnosis do not lend themselves to a 
definite loutine Each one must be consideied indii'idually, and only as every 
case becomes a lesearch problem vill the best tjqie of service be rendered In 
addition to the chnical manifestations the results of otlier tests or studies of his 
metabolism, tissue, blood, bodj-^ fluids, or discharges must be considered In 
fact, all of the data elicited duiiug the examination of tlie patient should be 
correlated with the bacteiiologie findings At times, a simple morphologic ex- 
amination of exudate ma 3 be sufficient to confirm the diagnosis, as in the case 
of gonorrhea and epidemic meningitis More frequenth’^, however, the bacteria 
seen in preparations from lesions do not have a sufficiently characteristic appear- 
ance to permit then identification, oi microorganisms may not be found in such 
prepaiations The histoij of the case mav then provide a basis foi deteimnung 
the tj^ie of cultural studj^ to be undertaken, the medium vliicli will piobably be 
most suitable, and vhethei aerobic or anaerobic conditions should be provided 
When theie is anj’' uncertainty, expeiience has shown the desn ability of inocu- 
lating sufficient medium to permit part of it being kept under aerobic, another 
portion under anaeiobic, conditions, and the lemaindei in an atmospheie con- 
taining from 5 to 10 per cent of carbon dioxide 

The microscopic examination of the original mateiial, exudate for example, 
which is too often omitted, is essential to determine the relative numbci and 
kinds of bacteria, and finallj^ to interpret the sigmficance of the results of cul- 
tural studj’^ The morphologic findings and loiov ledge of the possibilities for 
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contanunation of tlie speciRien during eolleetiou, indicate tlie amount of dilution 
reqiured and the neeessitv for emplonng differential media or other means for 
the isolation of significant species uhieh may he present 

The time of incubation is most important A long period may he necessary 
to secure growth This is most frequentlv true in the ease of highly parasitic 
species found in chronic infections, such as tuberculosis certain streptococcus 
infections, etc A month is none too long for the incubation of blood cultures, 
if growth is not secured earher Animal inoculation furnishes another means 
for determining the presence of some of the pathogenic bacteria The species of 
animal chosen and the method of inoculation depend largely on the history of 
the case and the result of the morphologic examination of the specimen 

"When cultures of microorgamsms haie been secured, identification usually 
requires a studr of their morphology, biochemical reactions, behavior in sera 
from immunized animals, and of the type of lesion produced in inoculated ani- 
mals The evaluation of the findings mav' require a consideration of aU the 
information secured in the studv of the case At times it may be desirable to 
determine whether the patient shows endenee of hvpersensitivitv to products 
of the bacteria which were isolated, or whether signifieant reactions can be se- 
cured with them in a specimen of his blood serum The possibibty of mixed 
infections must always be kept in mind Either sj-phibs or tuberculosis, or both 
of these conditions, mav of course compbcate almost any other infection "When 
there is anv doubt concerning the etiologic significance of the bactenologic find- 
ings, specimens for confirmatory examination should, whenever possible, be 
secured 

To summarize, bactenologic examinations made for purposes of conserving 
the public health, such as samtarv' examinations of milk and water samples and 
those tests performed before release from quarantine or to determine the earner 
condition, can well be conducted in accordance with standardized methods 
Laboratory work which serv es as an aid in diagnosis must on the contrary, be 
undertaken, in most cases, as a special im estigation, the procedures being chosen 
in the hght of all the information available from a careful study of the patient 
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T ONG befoie the ammate natiuc of disease Mas conclusnely established 
^ Henle foimulated a statement of the pierequisites Mhieh must be fulfilled 
in Older to pro^e that a paiticulai agent uas the cause of an infective maladj" 
He maintained that the agent must constanth^ be found in the disease This 
constant agent must be isolated and tested in the isolated state to note uhetliei 
it IS capable of pioducing the disease Obiioush, this statement contains all 
the elements quite geiieialh but iiicoiiectl\ lefeired to as the “postulates of 
Koch (1878) ” ThcA seme as the unassailable basis upon Mhich all the ivoik 
on specific pafhogenic causes is built Despite the fact that subsequent obsena- 
tions placed ceitain lestiictious and modifications on the original proposition, 
the testing of the isolated object oi agent of disease must alvais lemaiii a 
function of the bacteiiologist It is to bo regietted greath that the guiding 
piopositions of Heiile haic fiequenth been oierlookcd in the loutine diagnostic 
Mork of the modeiii laboratory The leasons foi this neglect aie piobablv 
twofold (1) Many of the Moikeis uho aie called upon to do diagnostic Moik 
haie had little oi no experience in pathologj Eien those Mho attend univeisity 
couises ha\e laiely had the opportunity to test the disease-producing piopeities 
of the common inicxooiganism mIiicIi tlicj ha\e isolated and painstalunglj 
studied in the test tube Lack of adequate funds, an unpaidonable disiiitei ested- 
ness 01 one-sided training of the iiistiuctois max be mentioned as additional 
faetois (2) Though the iinpoitance of the pathogenicity tests in bacteriologic 
Moik is admitted until recently little attention has been paid to the animals 
Mhicli are lequiied foi the e\<imiiiations Only Mell-equipped diagnostic laboia- 
toiies feel justified in mamtaiimig an adequate stock of healtln* animals In 
some laboi atones the iiumbei ot labbits and guinea pigs is so limited that each 
animal is a pet leadilj identified by an endeanug name instead of a iiiimbei 
Otheis doubtless e-ust in mIucIi the animals aie kept undei iinsanitaiy con- 
ditions and Mithoiit propel tare and feeding Antaminoses and chioiiic oi 
iiitercui rent diseases are preialent It is needless to emphasize that costh, 
unpleasant sin puses and maiij misleading obsei rations are the obvious corol- 
laries to such a state of affaiis Probabh othei eiiticisms could be offeied 
Suffice it to state that the pievaihng conditions aie laigelj the lesult of oui 
OMm neglect Until recentlj fcM publications paid attention to the “living 
test tubes” oi the animals, largely because animal expeiimentation Mas con- 
sideied the lealm of the specialist and the studj’- of the maladies of man a field 
Mhich could not profit by an inquiij into the diseases of animals Moie and 
nioie has this naiioM conception vanished and the leeognitioii that some com- 
municable diseases of laboratory animals furnish excellent material for the 
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TjSE of AXIMVLS IX BOIiTIXE DUGXOSTIC ■S\ORK 

Study of fundamental problems in pathology promises an entirely new 
orientation 

It IS obnouslv not the pm pose of tins aiticle to outline the ^arlous trends 
but merely to indicate the newer knowledge which the diagnostician must keep 
constantly in mind when he w orks with animals In general the use of animals 
m the diagnostic laboratory is confined to the following procedures (1) As a 
cultuie medium for the detection or rapid cultiyation of yarious microorgamsms 
(2) For the purification or electne isolation of certain types of bacteria from 
mixtures (3) For the propagation of mnis diseases which cannot he mam- 
tamed in artificial cultures (4) For the study of the pathogenicity or yimlence 
and the pharmacologic and toxicologic effect of metabolic products (5) For 
the preparation of reagents, such as complement or diagnostic sera (6) To 
test the harmlessness or other eliects of biologic products as well as their sterihty, 
as in the case of filterable mruses 

■^hth unremitting insistence it must be emphasmed that the execution of 
these procedures is successful only when certain fundamental principles are 
carefully considered and contmuoush carried out The animals must be 
healthy preferably selected from a stock with a known herechtary history 
They must be housed under sanitary conditions and fed an appropriate, well- 
balanced diet The selection of an ideal place for the breedmg of the reqmred 
stock of gmnea pigs and rabbits offers many technical difScuIties Adecjuate 
stable facilities, properly trained personnel and an abundant supply of m- 
expensiye food are not usually at the disposal of the majority of diagnostic 
laboratories, or when ayailable recimre an orerhead expenditure which is en- 
tirely out of proportion to the number of animals required For these reasons, 
the laboratories supph their demands by random purchases from dealers or 
breeders The inlierent disadvantages of such a policy are numerous Rarely, 
if e\ er can the local market supply the varvmg demands for ammals of different 
age, color, weight, sex, etc Suitable animals in emergency for unexpected tests 
mai therefore not alwais be in stock and the dealer supplies animals qmcklv 
assembled from various breeders Such shipments may contain diseased am- 
mals Until each city or state has a central ammal supply station it is advisable 
to restrict the purchase of guinea pigs rabbits and mice to that of contract 
from reliable dealers who raise their own stock and refuse to supply any other 
ammals Eacu these precautions fail only too frequently and expose the labora- 
ton to the risk of introducing animals infected with a communicable disease 
III order to reduce the danger it is imperatne to hold each shipment in quaran- 
tine for at least tw o weeks A special room should be resem ed for this purpose 
and the animals should be housed in small groups Preferably a single rabbit 
with pairs or lots of four guinea pigs may be placed in the same eaire The 
tag on the cage should carry a detailed history of the shipment The results 
of the daih inspections should be recorded either on the tag or in a special 
book Pro\ocatue tests for snuffles or stool examinations for Salmonella or- 
Umisnis and parasites should be carried out Animals that die should be care- 
fidb aiitopsied mid such laboratorc examinations instituted as ma^ be deemed 
necessam The data should be submitted either to the chief animal caretaker 
‘T to the person responsible for the animal quarters In case an infections 
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disease is discoveied it is mucli moie economical to use tlie shipment foi sacn- 
fiee expeiiments tlian to piolong the quarantine and tiust to luck that the 
malady wll not spread Latent infections iMth tlie B cuniculiseptieus are 
fiequently activated by the injection of biologic products and thus the experi- 
mental animals may act as spieaders of the disease It appears uimecessary 
to emphasize that the caretaker in charge of the quaiantine lOom should exer- 
cise special care in the disinfection of the feeding cups, cages, etc , and be m- 
sti noted in methods to bieak the chain of transmission thiough utensils, liands, 
01 clothing, from the quarantined stock to the expeiimental animals "Wliile in 
quarantine the animals are freed fiom veimin and ectoparasites These things 
appear self-explanatoiy but they aie often overlooked 

The suggestion that a gioup of laboi atones in a state or city pool their 
resouices and encouiage an luteiested paity to breed laboi atorj’- animals for 
certain pui poses deseives sciious consideration Moie and moie it becomes 
evident that the fundaineutal Ians of infection must be studied on btter mates 
01 prefeiably on animals nith a loimin hereditaiy histoiv The briUiant re- 
searches of Maude Slye on the tiansmissibility of tumois, those of Lems and 
"Wright on the vaijing susceptibility ol guinea pigs to tubei eulosis, and those 
of Webstei and Pritchett on the inborn, nonspecific resistance of mice against 
B aertrveke infection offei ample pi oof that in the futuie even diagnostic 
studies must be conducted on animal species m ith a Imomi inherent susceptibility 
to certain infections Provided the animal breeding institute is under the 
supei vision of a geneticist, an abundance of inxaluable infoimation can be 
collected and subsequently coi related mtli the findings of the biologist and 
pathologist Thus, the need foi special, short-haiied labbits or albinos for 
skin tests could be met with ease, and littei experiments would be moie fie- 
quently conducted than has hitheito been the case 

Those wlio desire to raise a linuted stock of mice oi guinea pigs should 
familiarize themselves with the behaxior, breeding habits, and gestation periods 
Excellent, thoioughly scientific summaries on the mouse, rat, guinea pig and 
rabbit are available in book form (Keeler, Donaldson, Eaebiger) or in a chaptei 
of the Handbiicli dei imihogencn Mtciooigaimm and in A System of Bac- 
teriology in Relation to Medicine 

There is an mcieasmg tendency to standaidize the cage equipment in the 
different laboratoiies Excellent designs, although expensive, are now manu- 
factured by several companies hletal cages are quite generally used foi in- 
dividual experimental animals, while nooden runs oi entiie looms mth wooden 
floors aie prefeired for stock guinea pigs and rabbits Hovevei, it is well to 
remember that eien the best cages mil not prevent disappointment when their 
care is supeificial and sporadic It appeals unneeessaiy to outline the essentials 
since Wadsuorth has admiiabh summarized the rules which should be followed 
Cages 01 jars nhieh house animals with highlj' communicable diseases should 
be kept in special rooms and should only be handled by the workei in charge 
of the lespective tests In fact, he oi she should be directly responsible foi 
the feeding of the animals while in use, and the disinfection and cleaning of 
the containers after they are vacated It is doubtless an advantage to tag such 
cases or jais with specially colored labels Manj^ laboratories use sawdust as 
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a bedding Experience Las taught that shavings are preferable, partieularlv 
for rats It is not nnlikelv that the troublesome limg disease of these animals 
IS greatly augmented by improper bedding 

The animal quarters should be well lighted and i entilated A uniform 
temperature during the entire day and night should be provided Special at- 
tention must be giien to the feeding of the animals Only too often this phase 
of the animal experiment is sadly neglected Although excellent diet tests 
have been reported, it appears desirable for quick reference to summarize the 
pertment data with respect to each species of animals 

1 Mice may reeei'v e stale bread soaked m water or skimmed milk A small 
amount of cod liier oil mav be added once a week (approximately one ounce for 
300 mice) Crushed barley or rolled oats or moistened middling mav be offered 
at regular mtervals An excellent ration recommended by Keeler consists of 
rolled oats (240 parts), powdered skim milk (30 parts), cod liver oil (8 parts) 
and salt (one part) The formula for rat feed prepared bv Jlaynard (Science 
71 192, 1930) IS equally satisfactory Greens in the form of lettuce or clover 
should be given occasionally Drinking water must be available always 

2 Bais — One can eithei use the Maynard standard diet or prepare a mash 
which consists of boiled beans, wheat maize meal, cabbage and cod liver oil 
Beef or liver and fresh cabbage should be offered once a week A mixture 
of boiled vegetables supplemented bv oats com, or white bread mixed with 
milk IS equally satisfactory Drinking water should alwavs be available 

3 Guinea Pigs and Baiiits — ^Rolled oats or crushed barley, bran, and a 
good quahtv of alfalfa or clover hav represent the basic ration which must be 
supplemented wuth green feed, either cabbage or carrots, and beets From time 
to time salt, fish meal, and boiled potatoes mav be offered If the food con- 
tains considerable moisture no water need be supplied Spontaneous scurw 
IS bv no means uncommon among guinea pigs maintained on a diet which lacks 
green stuffs (Smith, Holst and Fiolich, Funk) 

Aside from a careful selection of freshly prepared food mixtures or 
wholesome legetables and greens freed from tainted or rotten spots, it is im- 
portant that a regular system of feeding be stiictlv adliered to All animals 
should he fed and eared for once a day including Simdav A double ration 
of food throivn into the cages on Saturday wiU not supply the reqmred nour- 
ishment on Sunday 

A dependable si stem of identification of the animals should be adopted 
The practice of cage labeling is suitable for stock animals kept in large groups 
although in the interest of complete records each animal should be numbered 
and registered with regard to sex, description etc Guinea pigs and rabbits 
be identified readih with the aid of aluminum ear tags (Aluminum Marker 
orks Bea\er Falls Pa ) or India ink ear marking sometimes supplemented 
' a dingrammatic notation in the record book while rats and mice are marked 
cit ler In puncturing the ears a sc stem introduced bv the American geneticists 
w ^ color markings with aniline dees In the diagnostic laboratory, the 
a ter procedure recommends itself on account of its simplicitv 

The worker who uses animals should he thoroughly familiar with the nor- 
a aiiatomc and plnsiologc of the guinea pig rabbit rat and mouse He 
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should huAe at his disposal such standaid uoiks as W Schauder, Amiomic, dei 
Impfsaugetici c. and in particulai the momimental ticatise bi Eiidolf Jaffe, 
Anatonuc mid Patliologie dci 8poniaiic)l)anJiUiiqen dci Klcinen Lahota- 
iouumshoc aud the Tahulac hwlogtcae Valuable iiifoimation amII also he 
found in the uell-knoun treatises on the labbit by Benslet aud on the lat 
by Hunt 

Systematic postiuoitein examinations of eieij animal uhich is found dead 
in the animal house oi those uhieh aie saeiifieed foi 'xaijovs leasons offer an 
inexhaustible souice of infoimation and tiaining- Pieedom fiom epidemic oi 
paiasitic diseases ivhich, ulien not recognized, ma.i seiionslj inialidate an 
animal test, laigeh depends upon these thoiough and conscientious auatomie ex- 
aminations, as Avell as upon an appicciation of the epizootiologi of the infections 
and their effeetne coiifiol bi' quarantine and the othei pieventive measures 
Without a fundamental Ivnou ledge of the noimal and pathologic miatomy of 
the common lahoiatorj animals the diagnostician and reseat ch ivorkei fad to 
appieciate the limitation of the animal tests The significance of spontaneous 
infections and pai asdic invasions in the animal stock is non fullj recognized 
and in addition to the book bi Jafte, seveial ai tides (K F Jfejei, Raebigei and 
Leiche, Eemlingei and P Bell, 0 Seifned, Geilach, Paimei 's Bulletin No 
1568) haie detailed the most important facts It is not uithin the scope of 
this leiieu to attempt men a brief siimman of the main maladies uhich maA^ 
be eneounteied An opportunity miU be affoided to dlnstrnte "the importance 
of the inteiciuient disease as facfois in the diagnostic animal test 

Every modern textbook of baetciiologic technic (Kolmei and Bocrner, 
Smith, Ejre, Wadsuoith, Haberland, etc) contains excellent commentaries on 
the methods of manipulation, inoculation and bleeding of animals, hut one 
essential piinciple is laieh' stiessed InunediatelA’’ upon the inoculation of ani- 
mals a peiiod of clinicdl obserAmtion begins Aihich should terminate only with 
the deatli of the animal These obserAmtious should ahvaA s take cognizance of 

(a) The Gencial Appeal aiicc — ^Inspection once oi pieferahlr twice daily 
should he giAcn Avitli a ticaa to detect symptoms Each animal should be oh- 
seived in motion, the consiunption of food and uater and the appeaiance of the 
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NOBAIAI. TEJrPER ITURE, PULSE, AND ReSWRATJOK OP EAPERIMBXTAIi AEIjrAES 


AMMAli 

acerage rectal teaiperatube °c aad °r 

PULSE RATE 

respiratiov 
PER MIWTE 

Guinea pig 

3S 6° C , 39 4° C - — 7 5 cm from anus 
(1015° F — 4 cm from anus) 

(Almimum 37 8° C, Dia\imum 40 5° C) 

150 

100 150 

Babbit 

39 6° C (102 4° F ) 

' (Aluiimum 38 3° C, maxiuiom 40 8° C) 

No temperature under 40 0° C should be con 
sidcred pathologic 

120 140 

50 60 

Eat ! 

37 9° C (100 0° F ) 

1 

210 

Mouse ^ 

j 37 4» C (99 3° F > 

120 
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feces should be noted Attention should also he paid to possible salnation, 
nasal and conjunctival discharges, and to the reactions at the site of inoculation 

(h) The iteigld should he recorded before experiment and afterwards at 
weeUv intervals or more often as the circumstances recpiire Each weigliing 
should be done as nearlv as possible under the same conditions as the first one 

(c) The iempetatuie should be taken in many cases before beginning 
the particular experiment and subsequentlv on each successive day at the same 
hour For the sake of com enient reference the normal a^ erage temperature is 
gnen m Table I in order to preient the erroneous assumption that a pyrexia is 
present in an ammal which shons merelv its own normal temperature 

(d) A hematologic studij is frequently indicated The general principles 
are the same as customarilv used in the diagnostic laboratory The normal 
averages of the different blood cells are summarized in the book by Klieneberger 
and Carl, and in the chapters by E Haam and E Flaum in the Handbuch 
bj Jaffe (p 155) 

(e) The iactei lologic, sei ologic, and autopsy examinations differ in no way 
from those generally emploved 

Provided the principles briefly outbned are followed the diagnostician 
should experience no disappointment m the use of the animal test Since a 
perusal of the usual text fails, however, to mention the tvpe of animal most 
suited for certain examinations, it is deemed adnsable to offer certain sugges- 
tions Thus, an opportunity 1X111 be afforded to indicate the compbcations 
which may arise should the mice, guinea pig, or rabbit be spontaneously dis- 
eased For the sake of comemence, the subject is discussed under the heading 
of the respeetice infections 

1 Staphylococcus Infections of Intoxications — The pathogenicity of a 
'•tapln lococcus should be studied on the rabbit or on Japanese vhite mice Sig- 
nificant lesions mav be obsemed following intraienous injections, while local 
reactions mac be induced bv scarification of the cornea Toxic metabohe prod- 
ucts mav be tested bv intraienous injection (Back and associates) or by intra- 
dernial application (Parker, 1924) 

2 Siieptococci — ^There is some difference of opinion as to which ammal 


IS most susceptible If relative sizes of animals are considered the rabbit is 
the most readilv attacked Various methods of infection are chosen in order 


to imitate the pathologic process from -nhich the coccus has been isolated 
Virulence tests are frequentlv made on mice Great care should be exercised in 
the interpretations of the bactenologic findings on these animals since seceral 
i\orkors (Zlatogoroff Palanto and Kochkine Grossmann and others) haie found 
that hemoh-tic and nonheinolvtic streptococci have been isolated from supposedly 
normal mice Therefore the supposed mutation of pneumococci and non- 
lemohiit laneties be intraperitoneal injections (IMorgenroth, fechnitzer and 
ergor) desenes further investigation Latent infections due to hemolvtic 
reptococci are quite common in guinea pigs They frequentlv invalidate the 
diagnostic experiments 


^ 3 Pneumococcus Inrccfwns —The extreme susceptibilitv of the mouse to 
>c' pneumococcus is a commonplace of laboratorv- expcnence and forms the 
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basis for the rapid isolation of the organism fiom bacteiial mixtuies, sputum, 
etc Although the mouse maj* be killed bj a smaller dose than the rabbit, it 
IS generallj^ recognized through the compaiativc studies of Cafciro, Cotoni, 
Truche and Eaphael that the labbit is more susceptible In an emeigency this 
animal can theiefore be used foi the tj^iing of pneumococcus strains Experi- 
mentation on guinea jugs lequires eateful and ciitical interpretations since 
spontaneous pneumococcal infections maj be imusuallv common in the stock 
of certain bieedeis 

4 Influenza Bacilh — It is well to remembei that autolyzed influenza bacilli 
may set up spontaneous stieptocoecal oi pneumococcal infection in guinea pigs 
and mice A general blood infection maj be piodueed regularly when the 
sputum to be tested contains tlie sjunbiotie adjmants, the cocci (Wolf, 1920, 
Huntoon and Hammin) 

5 Tnhei culosis — The detection of tubeicle bacilli by animal inoculation 
offers several disadvantages Not infiequentlv this species suffers fiom chrome 
diseases such as pseudotuberculosis or Salmonella infections which present 
gross anatomic lesions i eadilj” confused" w ith those of tuberculosis Spontaneous 
tubeiculous infections of the guinea pig and labbit have been reported by 
Peyerabend, Seifert, Sew all and Liiiie, Stanlei Griffith and otheis, and thus 
may gieath invalidate the sigmfieance of the test In pait, these disadvantages 
may be oveicome by a judicious interpietation o± the postmortem findings It 
is a w'eU-Iuiown fact that in susceptible animals the primary localization of 
the lesion alwavs indicates the avenue of infection If, for example, aftei sub- 
cutaneous inoculation a tubei culosis of the tiacheobionchial Ijunph nodes vnth 
no disease in the inguinal nodes is found, one may conclude that the infection 
was acquiied fiom extraneous sources 

6 Plague — B pseudotuberculosis lodentium (Pfeiffer) oecuxs spontane- 
ouslv in guinea pigs and may thus inteifere with the diagnosis of plague 
(Indian Plague Commission, J Hjg 7 256, 1907) 

7 Biucella Infections — It is not geneially appieeiated that isolated cases 
of melitensis (NicoUe and Conseil) and abortus infections (Suifaee) have been 
repoited in animals A extensive epizootic which was caused by a melitensis 
tjqie and affected 400 gmnea pigs has been leported by Zdrodowski (1927 and 
1930) In vuevv of the wide distiibution of the Biucella organisms, it is im- 
pel ativm that in the future shipments of guinea pigs fiom unlmown bieedeis 
be scrutinized foi Brucella infection Agglutination tests pievious to the in- 
oculation of the test material aie exceedingly useful 

8 AnaeioTjic Infections — Those who use the guinea pigs or rabbits for the 
primary isolation of a pathogenic anaerobe should alwaj^s remember that eei- 
tain species may be found as common parasites in the intestinal tube or even 
in the organs of these animals (Heller, E Schmidt) 

9 Pai aiypJioid Infections — The fact that B aertr^eke orally administered 
to mice sets up a lethal septicemia, wffiile B paratj pliosus B (Schotmuller) 
usuallj^ does not, is sometimes used as a practical diffeiential test of these two 
oiganisms Unfortimately, its value is greatlj reduced on account of the wide- 
spread occiiiience of latent aertiyeke infection in the rodents Experimentation 
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With parati-phoicl bacilli on mice requires sound judgment The bactenologic 
literature reports such bizarre findings as the ti ansformation of a B para- 
tvphosiis into a B enteritidis or B aertr\eke 

10 Thus Infeciwns — The controversial literature on experimental 
eueephahtis clearlv shons that latent widespread parasitic infections mav he 
responsible for misleading conclusions Furthermore, the diseoTerr of a new 
vims by Jliller Andrewes and Swift, in the course of an attempt to repro- 
duce experimental rheumatic fever, furnishes anothei example of the manv 
obstacles which ma\ continue to render the animal test a very compbeated 
diagnostic procedure 

illanv more obsenations could be cited In particular, attention might be 
drawn to the deficiencj' of the hemolytic complement in the blood of certain 
races of guinea pigs ounng to tlie absence of the third component (Hyde) 
Suffice it to emphasize that the bacteriologist who employs the ammal as a test 
object or model in his diagnostic work should be in a position to defend his 
claims that the lesions or findings are not those of a spontaneous disease but 
the result of the experiment This aim can be met to a great extent if he em- 
ploys onh well-bred animals with a known hereditary' historv free from bacterial 
infections and parasitic imasions, mamtained and eared for by an experienced 
personnel and kept on well-balanced diets m a sanitary and hygienicaUy con- 
trolled environment 


RET'EBHTS'CES 

Ben'ler, A B Practical Anatomi of the Rabbit ed 3, Philadelphia 1921, P Blakiston's 
Son i Co 

Cafeiro, C Ijeber die Wirkung des nrnlenten Streptococcus nnd Pnenraococens bei 
1 erschiedenen Tierarten, ZcntraJbl f BaLtenol Abt I, Ong 74 20S, 1914^ 

Cotoni, L , Tmche, C , and Raphael, A. Pnenmocoqnes et affections pneumococciques, 
Monograph, Institnt Pasteur, Pans, 1922 

Daclv, G M, Gary, W E, Wolpert, 0 and Wiggers, Hazel OntbreaX of Pood Poisoning 
T, ,, I^rored to Be Due to yellow Heraolvtic Staphylococcus, J Pre\ Med 4 167,1930 
nonald=on, H H The Rat, ed 2, Philadelphia, TVister Institute, 1924 
y ^ ® Bactenolotucal Technique, ed 3, Xew York, 1930 
nedoerger, E , and Schiff, F Die Methodon des Tierversnchs, im Handbuch der 
, pathogenen Mikroorgamsmen, ed 3, Jena, 10 1S7, 1930 
r i ’ Jp '^be Vitamins, Williams and Wilkins Co , Baltimore, 1922, p 127 
crlach, P Die praktisch wichtigen Spontaninfektionen der Versucbstiere, Handbnch d 
r mil. Mikroorgan , ed 3, 10 497 1928 

nmth, St Tnbercnlosis of Domesticated Species of Animals, J Comp Path &- Theran 
41 53 and 109, 192S 

ro'sman H TTeber Streptokokkenbefunde bei "normalen” wcissen Mausen, Klin 
\\ chnschr 10 551, 1931 

HelW Operate e Tcchnik des Tiere-cpenmente' Berlin, 1926 

"^g^Ptiology of Acute Gangrenous Infections of Animals, J Infect Dis 27 

Huntoon, F JL and Hannum S The Role of B Influenzae in Clinical Influenza J 
Hunt 4 167, 1919 

TR n ALaboraton Manual of Anatomi of the Rat Mew York 1924 
In.Unn Hi ‘ ^ou'plemcnt Deficient Guinea Pig Serum, J Immunol 8 267, 1923 
Tag u CommiSMon J Hvg 7 316 1907 ’ 

BcrUn’mil ”p ‘^pOKfmf'-hnnkungcn der Kleinen Lahoratorinmstiere, 

Hamard Pnitercitv Press 1931 

K r 1- and Carl W Die Blutmorpliologie der Lahoraforiumstiere ed " Loinzio 
J '™ann Imlirosms Barth 1027 

Me?' '98^287^020^’'*' PeM=tanoc of Tnbercnlosis 

cicr Iv p Communicable Dieoa^C' of Laborafoia Animal' in tho Vo-n-n- ar-,,, i j 
of Bnctenologj and Immunoloira Chicago, lOo? p gq- ' Owlodge 



518 


THE JOURNAL OF LABORATOKA AND CLINICAL MEDICINF 


Miller, C Ph, Andronos, C H, and Suift, F A Piltorable Virus Infection of Babbits, 
J Exper Med 40 7S9, 1924 

Morgenroth, J, Sehnitzer, B, and Berger, E Tiber ehcniotlicrapcutischc Antisepsis und 
Zustandsandening der Btreptobokken, Ztsclir f Imraunitatsforscb 43 1G9, 1925, 
43 209, 1923 

Nicollo and Conseil Pitire nicditerrnn6eno chcr le eobai e par inoculation sous cutanfie 
ct ingestion dc cultures Compt rend Soe de Biol 67 267, 1909 Idem Infection 
naturclle i Microtocuis mclitonsis clicz le cobajc, Compt rend Soc de Biol 66 
503, 1909 

Parker, J The Production of an Exotoxin bj Certain Strains of Staphylococcus Aureus, 
J E\cr Med 40 761, 1924 

Pcrla, D Experimental Epideraiologs of Tuberculosis, T Exper Med 45 209, 1927 

Babbit Parasites and Diseases, IT S Department of Agriculture, Farmers’ Bulletin, No 
1568, 1928 

Baebiger, H Das Mcerstliu cinchon, Hanoi or, M and H Schaper, 1923 

Baebiger, H , and Lerche, M Atiologio und pathologische Anatomic der haupts.ichlichsten 
spontanen Erkrankungen dcs Mccrschueincbcns, Ergobn d allg Path u Path 
Anat 21 686, 1925 

Eeisman, H A , and Baj hs, A B Tuberculosis in Guinea Pigs, Skin Test for Preexisting 
Tuberculosis in Guinea Pigs Used for Lnboratorj Diagnosis, J Lxn Cus Med 
16 205, 1929 

Bemhnger, P, and Bel, P L’elciage du lapin ct du cobaie dans Ics laboratoires, Bull 
de I’Inst Pasteur 22 89 and 137, 1924 Idem Bull Soc centr de nicd i6t 76 
466, 1923 

Schauder, W Anatomic dor Impfs lugetierc, in Martin’s Lcbibuch dor Anatomic der 
Haustiero, cd 2, Stuttgart, 4 303 408, 1923 

Schmidt, E Die Anaerobcnflora im Darminbnlt und Ivot dor Mecrsehireinchcn, insbesonderc 
das Vorkommen xon Bauschbrand und Ocdcmbanllcn, Ztschr f Infektionskr 23 
249, 1922, ibid 24 47 

Soifried, 0 Die Wichtigsten Krankhoiten des Knninchens, Ergobn d allg Path u Path 
Anat 22 432, 1922 

Seuall, H, and Lurie JI B Spontaneous Tuberculosis in Guinea Pigs Exposed to Breath 
Polluted Air, Am Bo\ Tuborc 9 525, 1924 

Smith, TVilson, and McIntosh, I The Breeding, Maintenance and Manipulation of Labors 
torj Animals, A Si stem of Bacteriologv, London, 1931, Vol IX, p 236 

Stepp, W, and Gjorgi, P Aiitanunoscn, Encj elopaodio der Ixlinisclicn Mcdizon, Bcr 
hn, 1927 

Surface, F M Bonne Infectious Abortion, Epizootic Among Guinea Pigs, J Infect 
Dis 11 464, 1912 

IVadsuorth, A B Standard Methods, Baltimore, 1927, p 660 

AVolf, J E Beitragc rur Biologic dcs Pfciffcr’schein Influenrabazillus, Misch infektion, 
Centralbl f Bakteriol 84 241, 1920 

Zdrodoivski, P Boobachtungen uber des klaltnliebor in Ascrbcidshan, Arch f Schiffs u 
TropenHjg 31 301,1927 

Zdrodoivski, P , Breiiii, H , and Voskresscnski, B Etude sur 1 1 tievrc ondul inte cii Azer 
baidjan Becherches spcciales sur le groiipc Brucella melifensis abortus, Ana de 
I’Inst Pasteur 45 768, 1930 

Zlatogoroff, S T, Palaute, B L, and Koclikino, M L Los aninmux de laboratoire 
porteurs de streptocoques et do bacilles fuborculcux, Ann dc I’Inst Pasteur 43 
1645, 1929 



ANAEROBIC TECHNIC 
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A ttention was duected bv Pastem (1859'61), dunng his investigations 
dealing with the soealled “butvric ferment, ’ to the existence of micro- 
organisms capable of living and multiplnng in the absence of oxygen He 
subsequentlv introduced the terms “aerobe” and “anaerobe’ to indicate and 
emphasize the gaseous requiiements of microbie life As a result of the publica- 
tions of Koch on anthrax, Pasteur became interested in this disease TTith his 
associate Joubert, suspected anthrax blood that had undergone putrefaction 
was studied and from this material an anaerobe, the vibnon septique, was 
isolated Experiments demonstrated the new germ to be pathogenic for animals 
Quite naturally this woik stimulated the search for other germs which bore this 
peeuhar relationship to air, with the result that several anaerobic organisms 
were earlv detected and technical methods for their enltnation were developed 
and emploved 

From the time of Pasteur s discoverv doivn to the present dav there has 
been one contmuons stream of anaerobic apparatus of every size shape design 
and material, aU based on permutations and combinations of a few elementary 
pnnciples, namely, exclusion of an exhaustion of air absorption of oxvgen 
replacement of an with an inert gas apparent presence of air imcrobic or tissue 
association It is ehaiactenstic that each device or procedure is usuaUv referred 
to as new and simple 

The anaerobic bacteria haie ordinanlv constituted a class by themselves 
set apart from the usual routine in bacteriologj", unquestionably because of the 
supposed difficulties of a technical nature attending their investigation The 
problems surrounding their studv have been exaggerated and overemphasized 
(perhaps unintentionaUv) bv teachers, to the extent that there has been instilled 
in the mind of the ordinarv laboratorv worker the feeling that anaerobic life is 
a field of imestigation leserved for those specially trained workers of which 
each nation had but few with an unlimited supplv of fanciful equipment In 
fnet, during the past onlv a ven few laboratorv courses in bacteriologv in- 
cluded actual experiments on the isolation and identification of anaerobes That 
this class of organisms was of great economic importance was well knowm, not 
onl\ ^\ere thev associated wuth a number of diseases of man and animals but it 
lias imderstood that putrefaction or at least the initiation of putrefaction was 
a proeoss which tliese bncteiia earned on almost alone 

The TTorld TTar focused attention on anaerobic technic pnmarilv because 
o the «enous consequences resulting from the multiplication of these organisms 
in wounds with their sequel of gas gangrene It is true that such infections 
lad com manded attention before but the incidence was rather infrequent 


JJ'clcntc Labomton bnhtr^Ui of MJcMcin Vnn Arbor 
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Commissious ^^eie appointed to seal eh the liteiature for practical procediiies, 
to de%elop methods it such ^\ere not m existence and to test thoioughlj all 
recommendations nndei loutine laboiatoij’- conditions, iiith the end in iieiv 
of making- aiadable a simple satisfactoir technic for the stud's of this group 
Adequate directions i\eie found, uhich, if followed, gaie excellent lesnlts in 
the hands of those willing to employ the piccautions essential to insure the com- 
plete absence of an duiing the incubation peiiod of the culture, as well as a 
minimum exposuie of the germs to an at all times It is deseiwing of mention 
that the quantity of oMgen winch inlnbifs the giowth of anaerobes is small 

The concentiation bi mam woiKeis on the floia of wai infections lesnlted 
m the addition of se-^eral membeis to this gioup, and also bi ought together, in 
an easily aAailable foim the litciatuic ielc\ant to the subiect But no strilnng 
technical pioceduies oi new pieces of appaiatus weie e-vohed which demon- 
stiated mailed supeiioiiti to the methods of twenty jcais befoie It is charae- 
teiistic of the postwar liteiatuic, howe-vci, to refei to “the chaotic state of the 
pie-war anaeiobie knowledge and the fundamental adiances due to improved 
methods of anaeiobie eultnation dci eloped dining the wai period ” Peihaps 
the most tangible contributions came m the pointing out of the necessity foi a 
familiaiity on the pait of all bactciiologists witli methods of pure culture study, 
that anaeiobie oiganisms could be sti caked on the suiface of solid media preter- 
ably blood agar, in Petii dishes, surface colonics obtained and studied with the 
subsequent selection and inoculation of ditleiential media in the oidinaiv pro- 
cedure of identification Aboie all tliat a bacteiiologic study of unknown mate- 
iial was not complete until the question ot the piesencc of anaeiobes had been 
satisfaetoiilv disposed of Neiertheless it is a niattei of common occuirence to 
find that the knowledge leawakened bi the wai studies has lapsed and today the 
aveiage complete bacteiiologic exaniinatiou of suspected mateiials consists of the 
isolation and attempted identification of the aeiobic flora 

The methods to be pieseiited in the following pages aie laigelj based on 
those used by Piofessoi Noiw (1893) in his studies, paiticiilailj with lefeienee 
to the isolation of B noiyi Naturalh, since that time many imiioitant im- 
piovements in technic hare been made and siicli aids haie been iiieoiporated 
in the general procedures as soon as then piactical lahie was demonstiated 

HEOr V AMD APPARATUS 

It IS essential in anaeiobie pioceduies as well as in studies dealing wntli 
aerobes to be able to isolate the oiganisms in puie form and subsequently culti- 
vate them seiially upon suitable media, foi oiih in this wai is a knowledge 
of their function possible A unifoim set of cultuial tests is of gieat ad- 
vantage in distinguishing the vaiioiis species and foi this pin pose the follow- 
ing media hai e been found to possess distinct i alue 

Ltimus Mill — To fiesli skim milk is added a veiv concentrated aqueous 
solution of purified blue litmus sufficient to impait a decided blue coloi After 
tlioioiigh mixing it is placed in test tubes to a depth of two or three inches 
and steiilized in the Arnold steiilizer for tliii'ty minutes on each of three siic- 
cessne days It can be sterilized in the aiitoclaie at 110° C for ten minutes 
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Too mucli lieat should be avoided, since it mar cause an alteration of the milk 
Jlilk IS difficult to steiilize because of the presence of thermophilic organisms 
Hence, it is adiisable to place the tubes containing the milk at 37° C for several 
da%s to make suie of its sterilitv Litmus milk is used to ascertain ivhether an 
organism can coagulate casein, and uhcther it can decompose the lactose, 
thus giving rise to gas bubbles oi to acid products The medium when eor- 
reeth prepared should ha\e a lavender color, which turns red in the presence 
of acid and blue when bases predominate 

Coagulated iS'eiinn— The usual horse or beef seium medium coagulated on 
the slant in test tubes is used to determine the hquefvnng power of the cultures 
Liimin Gelatin -—The ordinarv 10 per cent nutrient gelatin containing 
purified htmus is used Certain species liquefv gelatin and the litmus acts as 
an indicator of acid or alkali production and in addition it mar be reduced 
Blood Agai Plates — The ordmarr beef infusion agar is used as a base 
The agar is melted, cooled to 50° C , and 20 per cent of defibnnated blood 
(horse cow, human, or rabbit) added The medium is then thoroughlr mired 
and poured into Petri dishes under aseptic conditions, and allowed to cool A 
dn surface is essential to avoid a confluent growth Well-isolated colonies are 
obtained in from tuentr-four to forty-eight hours when a droplet of inoculum 
IS placed on the suiface of the medium, spread vnth a bent glass rod and incu- 
bated under anaerobic conditions 

Cooled Jileat — Carefullr trimmed heart muscle* (beef) is finely com- 
minuted, added to 2 parts of distilled water and stored in the ice bos orer- 
mght One per cent peptone and 0 5 per cent salt are added and the infusion 
IS heated m the boiling watei-bath for one hour The water lost br evapora- 
tion IS replaced and the reaction adjusted to Ph 7 k with X/1 NaOH The 
medium tissue as weU as extract is placed in test tubes and sterilized by the 
fractional method for thirtv minutes on each of fire successive days The 
tubes which contain some 2 inches of cardiac muscle overlaid vnth about half 
an inch of broth are incubated several davs to insuie steribtv Stenhzation 
mar be earned out m the autoclave if care is exercised to avoid the blowing out 
and spattering of the cotton plugs bv the tissue This is a v err valuable medium 
for the cultivation and identification of anaerobes The tissue suppbes useful 
nutritive substances to the medium and it also acts as a reducing agent and 
thus removes anv dissolved and toxie oxvgcn Characteristic changes m reac- 
tion, color of the meat, and varving degrees of digestion also occur which aid 
m the differentiating of the members of this group 

Df Those Aga) Drxiiosc Btoih — The usual beef infusion media contain- 
mg 2 per cent dextrose is used The fonner is veiv useful for plates shakes 
oud ^tabs The broth is used for making dilutions and on the addition of 5 

lur cent sterile blood is valuable for growing anaerobes direct from the 
imin.ll bodv 

The above media when used in test tubes are placed just before inocula- 
imi m the boiling water bath foi five or ten minutes to drive out the dissolved 
and are then cooled to 40° C 

C.niin Morktr® prff r to uv<. t inidium cont-iinlntr l.r-iin tKvuf 
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Tlie pipette of the Pasteur School is to be pieferiecl to the platinum loop 
foi the inoculation and tiansfeiiiiig of the cultures The pipette is employed 
to transfei liquid cultures, pus, blood, tiansudates, etc, or suiface gioudhs 
fioni solid media In the lattei case a drop oi two of steiile broth is mi^:ed uith 
the colon} oi grouth, and a fine susiiension made and diaun up into the pipette 
It IS a common experience that laigei quantities of anaeiobic material must 
be transfei led to get a good giowdli of organisms than aie necessai} •v\hen 
n 01 king nith aeiobes 

The inoculum is ah\a}s disehaigcd into the bottom of the medium in the 
tubes No oierlaying seal to keep out the air is absolutely necessary, since 
reducing substances aie piescnt in the milk, gelatin, and meat media Sterile 
yellon petrolatum to a depth of about one centiinetei is in quite general use 
and foims a ^ery excellent seal nhen placed on the top of these media In 
addition to the exclusion of air, it pie\ents desiccation The piesenee of the 
seal dees not seriousl} inteifcre nith the inoculation oi withdianal of medium, 
as the end of the pipette mil leadil} iienctiate the petrolatum The dextrose 
agar tubes aie usualh thorouglily mixed aftei inoculation and used for shake 
cultui es 

Cultuic Tithes — The plain test tubes (15 b} 150 mm ) of lesistanee glass 
aie employed They aie thoioughly cleaned plugged mth cotton, and steiilized 
m the dry heat oven befoi c the luti eduction of the medium 

Jais foi Plate Cultivation — The Noit jai,® mth the special cock for 
vacuum voik, is to be piefeiied The follomng diiections apply to this ap- 
paratus, xmcmini desiccators and museum oais haie been used and found satis- 
factory, but not as convenient as the specialh designed jar 

The lovei half of the jai should haie an intcinal diameter sufficient to 
allow the easy introduction and mthdiaval of the oidiiiaiy 100 mm Petri 
dishes Jais of this tjqie aie made in tno sizes, one mth an internal diameter 
of 13 cm and an internal height of 12 cm , the other has the same diameter 
Muth a height of 20 cm The shallov jais mil hold from six to eight Petri 
dishes and the deep jars mil accommodate fioiu tnelve to fifteen plates These 
jars are also used when laige numbers of tube cultui es are to be incubated at 
one time The actual pioeedme is as follovs The suiface of the medium, 
blood agai or glucose agai, is inoculated with a dioplet of material fiom a 
pipette (pouied dilution plates aie fiequently made) The moeiilum is then 
spiead, using a steiile bent glass xod The plates aie stacked in the lower por- 
tion of the jai and on top of the pile of plateS is placed one of the halves of 
a Petri dish containing ten oi fifteen thin slices of fieshlj' cut ran potato, 
piepaied with no attempt at sterilitj The lespiration of the potato, nhen 
the cover is placed on the jar, supplemented by that of aeiobie oiganisms pies- 
ent will remove the traces of residual oxygen in the confined space and growth 
of the spores and vegetating foims mil take place There aie objections to the 
use of excessive amounts of raw potato m the jars Watei is a respiratory 
pioduet and tlie confined atmosphere, after a time, becomes supersaturated, 

•Nom jT.rs unless m'lde 'iccording: to the original specifications 'ire unsatisfactory 
Thej can be obtained from Greiner and Friedrichs StUtzerbach im ThUrln&en Germanj 
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with the result that the condensation of moisture takes place on the agar sur- 
faces thus fas onng a confluent growth rather than the desired isolated colo- 
nies In addition, there is ample proof that a definite tension of carbon dioxide 
faiOTs the grovrth of aeiobes and anaerobes alike, but exeessiie concentrations 
of this respirators’ product sen e as an inbibitorv factor because of the acid 
nature of the substance in solution The flanges of the jai are lightly greased 
with lul})iseal the coser put in place a rubber band (16 by 130 mm) is ap- 
plied to the circumference, and six or eight small vises are then carefully and 
evenly tightened to the flanges The mam stopper should be ivired in place 
The jar can be made air-tight with very bttle caie The objection usually 
directed at the Novj’ jars is the difficulty of opening them after they have been 
in the hot room for sereial days It is possible to loosen the top piece mth an 
eccentric leyer which is applied to the upper flange imder moderate sustamed 
pressure The jars can be easily opened and breakage rarely occurs when warm 
water is apphed to the flanges 

After the jar is closed and sealed, the glass cock is connected to a source 
of carefully washed hydrogen This gas is best prepared in a Kipp generator, 
using dilute II 2 SO 4 and granular zinc The hydrogen so generated is passed 
through a senes of four wash bottles containing alkaline lead acetate 5 per 
cent solution of potassium permanganate, 5 per cent solution of solver nitrate, 
alkaline pjTogallate, and then into the culture jar The gas must flow at a 
slow rate so that aU impurities mil be scrubbed out 

A vacuum line with a manometer and stopcock is joined to one end of the 
special stopcock on the jar The purified gas is led through an auxibarv stop- 
cock mto the other end of the special stopcock on the jar To fill the jar the 
gas supph IS turned oft and the vacuum hue is opened , a vacuum of about 600 
mm IS quickly drarvn on the jar the stopcock on the vacuum line is closed, and 
gas is led slowly into the jar through the open stopcock on the gas line until 
the negative pressure in the jar reaches zero This latter stopcock is now closed 
and a vacuum again drawn in the jar with subsequent refilling wntli the washed 
ga"? This procedure is repeated five times at the conclusion of which only 
traces of free oxvgen are present m the atmosphere of the jar The jar is sealed 
hi turning the stopper and then placed in the mcubator The small amount of 
ovigcn still piesent mil quieklv disappear due to the respiration of the potato 
After an incubation period of from two to four davs tlie jars are opened and 
the plates examined IVell isolated colonies are selected and transferred mth 
a pipette to the several media 

The cataivst principle foi the removal of oxvgen fiom the container or jar 
"as introduced during the war and it has found considerable favor mth a num- 
ber of workers The active unit is ordmarih composed of asbestos impregnated 
"itli palladium or platinum and is suspended from the cover of the jar mth 
''Uitable wire connections foi attachment to the source of electricity which is 
|ised to actuate the cataivst when the jar is closed The inoculated plates or 
>1 as ire placed in the jir the cover is attached and the confined atmosphere 
replaced with livdrogen The electricity is turned on to heat the cataivst 
"" tlie residual owgen combines with the Indrogen under these conditions 
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The heat is usuallj contmued foi at least half an horn and then the Miies aie 
disconnected and tlie jar is placed in the ineubatoi 

Unsatisfaetoij lesults ha\e been c\perienced bj vaiious imestigatois Mith 
the ineit gases used to displace the an m the jars HAdrogen as obtained 
fioin the electrolysis of uatei, and nitiogen, a by-pioduct of the liquid an 
industi\ aie aAailable comiiiciciallv undci piessuie in laige diiiiiis The ease 
of handling the gases in these coutaineis and the necessitj foi the constant 
refilling of the Kipp gcneiatois Mheii large volumes of lijdrogen are used quite 
natuialh encouraged inauj’- ivorheis to secuie these "ases diiect fiom the tanks 
and lead them uitliout piuification into the jais to displace the air The un- 
fa^olable giovths obtained •when these tank gases lune been used veie unques 
tionablv due to the piesence of oxigeii It is the exception to find on analysis 
an oMgen content of less than 2 pei cent in oi dinar j tank nitiogen Samples 
fiom seieial tanks haic bad an oxigen concentiatioii as gieat as 6 pei cent and 
the oidinaij tank hjdiogen assais only a little bettei as far as oxjgen content 
IS eoneerued Tank gases should be passed through an oxygen absorbent befoie 
they aie led into the pus, oi laigei quantities ot raw potato must be placed in 
the jars to take up the undesirable oxjgen intiodiiced Tiaces of the lubi mating 
oils used on the coinpicssion machines aie also present in the tank gases and 
should be icmoied along uith the oxjgen 

GENERAL PROCEDURE 

The exact piocediue to be folloucd in the detei mination of the anaeiobie 
floia of infected mateiial depends quite natuially on the data desiied and the 
substance undei im estigation Foi examiile, when the piesence or absence of 
one paiticulai geim is loutiueh desued in a ceitain substance such as B 
welcliii in feeal matciial, a pioceduie limited to the detection of this oiganism 
IS usiiallj followed On the othei hand, when the isolation and identification 
of the complete anaeiobie floia aie demanded, a technic must be employed 
which will take into consideiation the iiatuie of these oiganisnis and the vaiious 
inteifeiiug and inhibiting influences 

Infected mateiial containing a puie cultine of onlj one oiganism is the 
exception lather than the rule, and materials to be examined for anaerobes aie 
usualh rich m aeiobes Manj difficulties attendant to the isolation of aiiaeiobes 
from eultuies containing aeiobes as well as the sepal ation of an auaeiobe fiom 
a nux^ure of anaerobes and the xarious possible combinations must be giien 
consideiation Ocei thiitj pathogenic and foitj sapiojihidic species of anaeiobes 
have been desciibed and almost every membei of this gioup, singly oi in com- 
bination ^vlth otlieis, has been isolated fiom a wound infection at some time 
or other 

Consideiation should be given to the following possibilities 

Spo) ulaiing and iVoiispm idaiing Anaei ohes — Blood fiom human and animal 
sources and tissues fiom aitificially infected animals usnallj come undei this 
heading 

Spotulaiing Anaei ohes With Nonspoi idating Aciohes — These aie found in 
infected muscle leinoi ed at opei ation, pus fiom w oiinds, postmortem substances 
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in brief in inateiial of biiman and animal origin As a rule such material is 
rather simple to handle If the preliminary- microscopic examination demon- 
strates the presence of spores selcctne heating at 80° for t'wentv minutes is 
suiBcient to remove such foims as the staphrlococci, streptococci, B proteus, 
B pvocvaneiis and the coli forms 

SpoiuJaiinQ A-vacioies T1 i//i Spoiulaiing A.ciobes Specimens of soil 
rater milk milk products, and the larious pickled and preserved foods gen- 
eraUv contain sporulating aerobes Most of the aerobic spore formers grow 
lery sloiilv under anaerobic conditions 

Konspoi ulaiuig Anaei obes TTit/i Spo) ulaitng and ^ onspo) idating Aei obes 
Xaturallv this combination is moie difficult of separation Heating is obviously 
out of the cjuestion Primaiw enrichment (presented later) foUored by sur- 
face cultivation nth the picking and subculturing of a considerable number 
of the sei eral varieties of colonies obtained ultimatelv j lelds pure strains The 
procedure is time-consuming tedious and often disappointing 

A sample sufficient! v laige to inoculate several tubes of medium should 
be taken Samples of food products if distinetlv acid are neutrabzed before 
inoculdtmg, the same for specimens of soil 

Before proceeding to the microscopic or cultural stucbes a general examina- 
tion of the suspected material should be made The origm of the specimen and 
Its color and odor should be noted A coier slip or hanging drop preparation 
IS made In the case of solid materials, such as necrotic tissue, the material is 
touched se\ cral times to a droplet of water on a glass slide, a cover sbp is snb- 
sequenth dropped onto the preparation, and it is readv for the microscopic 
examination Semisolid substances such as pus feces, and sputum are first 
emulsified nith seicial drops of water uhile clear fluids such as urme spinal 
fluid, etc, aie centrifuged and then a portion of the precipitate submitted to 
dneet examination Care should be exercised especiallv in noting the form 
and giouping of the cells the presence or absence of motilitv the appearance 
of the protoplasm, and the presence of spores Mliile it is well known that 
abiioimal forms freqiientlv occur and that in the ammal bodv departures from 
the tvpieal moiqihologv are frectiientlv found, it is true that the information 
gained in this stiidx max point the wax later to forms that might be ox erlooked 
Methx lene blue and Gram stains should be made of fixed films The choice 
of Gram technic depends upon the nature of the material It has been our 
(xpencnce that if one masters and routinelx folloxvs one procedure for this 
difTenntial stain rather than changing the method to suit the material the 
results are of greater value Large gram-positixe rods in pathologic mate- 
rials arc apt to be anaerobic bacilli At best the results obtained from the 
pieliiniiiarx direct and tinctorial examinations are merelx- snggestixe 

Quite mturallx the pnniarx aim is to preserve all the anaerobes present 
in the sample taken and for this a medium as little selcctixc as possible should 
>L iisid The dextrose litmus gelatin medium xvas found for a long time to 
H' xerx useful for this purpose but it xx.is iiltimatclx replaced xxith the cooked 
me It medium It has been pointed out lint certain organisms such as B 
'echii R p; ^profctidus tend to die nut rather npidlx m a 
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dextrose-contaimng medium The cooked meat medium is not only of impoitauce 
because of its niitiitive value and stimulating action on the gronth of all geims 
but, in addition, the content of buffei substances makes it most suitable for the 
preservation of the miciobie fioia, even the less lesistant foims vill remain 
alive m this medium foi ^mais, so that one niav letiiin as often as desiiable foi 
subeultuies 

Tvo tubes of the cooked meat medium aie heated in the boiling vater-bath 
foi five minutes and then cooled to 40° C A sample of the unknown is tians 
feired to each of the tubes and the eontents aie then thoioughlv mixed The 
medium is then oimilaid vith sterile petiolatum One tube is placed imme 
diately at 37° C, the otliei tube is heated to 80° C for tventj minutes and 
then placed at 37° C The forniei tube gnes an index of the anaeiobic and 
facultative anaerobic floia and the heated tube will account foi the spoiulat- 
ing foims 

Obsei rations aie made at fiequent intcivals during the incubation peiiod 
foi evidence of giowth, such as gas foimation, coloi, and possible digestion of 
the meat tissue The iichness of giouth will depend upon the oiiginal inoculum 

At the end of twcntj-foui houis hanging drop pieparations and stains 
aie made fioni both tubes If growth is absent, incubation is continued foi at 
least two weeks bcfoie discaidiug the tubes 

If growth IS piesent, glucose agai shake tubes are prepared Tubes of 
glucose agai are melted and cooled to 45° C, a drop or two (depending on iich- 
ness) of the cultuie is tiansfeired to a tube of the melted agai and thoroughly 
mixed Piom this tube two serial dilutions aie made in the same medium and 
after thorough agitation tlie medium is pei nutted to solidifj Half-inch seals 
of stciile agai are superimposed on the medium and the tubes aie incubated 
at 37° C 

Three blood agai plates aie inoculated with dioplets of the cultuie from 
each of the oiiginal tubes and quicldv spread with a steiile bent glass lod 
the amount of inoculum transferied again depending on the iichness of the 
inoculum The six plates aie placed in a jai, the jar closed and at once sub- 
jected to anaerobic conditions, and then placed in the incubator 

Incubation of the tw'o oiiginal inoculated tubes of meat medium is con- 
tinued wuth fiequent obseivations It has been found that if a mixed growth 
of anaerobes occuis in a tube of meat medium the germs first to develop are 
B welehii, vibnon septique, and B fallax This takes place within the first 
twentj'-four hours At the end of fortv -eight hours’ incubation the predomi- 
nating organism will be B spoiogenes and a thud phase of giowth occurs at 
the end of ninety-six hours when B tetani piedominates Thus, agar shakes 
and plate cultures made at these three inteivals aie most likelj to give satisfac- 
tory isolations 

After forty-eight hours’ incubation the plates are removed from the jars and 
the surface colonies examined microscopically with the low power lens It is 
extremely important not to relj on the unaided eye in a consideration of colonies 
One which appears to be well isolated maeioseopically, maj^ on examination 
with the lens, be surrounded bv many others or it maj be seen to have de- 
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veloped in the midst ot a suiface film Aftei hanging diop examination and 
stained preparations haie been made, iiell-isolated colonies of each varied pres- 
ent aie transfeired mth a pipette to selective media, such as cooked meat, litmus 
gelatin, litmus milk coagulated seium, and agar stabs These subcultures are 
incubated and examined at legulai intenals and the changes are recorded It 
should be emphasized that changes in the media go on for a much longer period 
in the case of aiiaeiobes, their full extent cannot be expected under ten or 
fifteen davs It is extiemelv impoitant to control everj anaerobic isolation for 
the presence of aeiobes by inoculating an agar slant and incubating it under 
ordinarj aerobic conditions 

The colonies in the agar shake tubes are examined vnth the hand lens and 
if foimd to be well separated, see eral of each tvpe, if moi e than one a ariety is 
present, are selected, a slight scratch m the glass is made with a file directly 
over the colour and the edge ot the sciatch is touched mth a hot glass rod thus 
causing the tube to ciack, theiebc exposing the medium which is placed in a 
sterile Petn dish A sterile knife is used to sbee the cvlmdei of medium in 
close pioxmiity to the eolom Tubes of selective medium are inoculated from 
the colon! and on incubation one larely fads to secure a pure culture It is 
probabh true that this method gues the most consistent lesults m the hands 
of the beginner vho is nsuaUi unappreciatn e of the strict requirements of 
the plate method 

The criterion for puiitj- is the consistent behanoi of a culture when sub- 
mitted to growth on diffeient media o\er a long period of tune 

rDEXTTFlCATION' 

Identification mai frequently be anticipated from the origin and natme 
of the specimen as veil as fiom the data accumulated during the isolation 
‘Abort cuts are often resorted to such as the dueet inoculation of milk uath a 
hit of the oiiginal matenal The occurrence of a characteristic stormr fer- 
mentation in from tuehe to tuenti-four hours is diagnostic of B ■uelchii It 
B adiisable, houeier, to cairc through the routine procedure The eharac- 
tcristics aiailable as a basis foi identification can be grouped under the follow- 
ing categories nioipbologc cultural, bioelieniieal reaction seiologie reaction, 
the piodiictioii of cbaiaeteiistic toxins and pathogeniciti Xo one of the above 
aspects taken h\ itself furnishes sufficient data for a satisfactory identification 
Thus a combination of these lanous attributes lias to be relied upon 

Information regarding the size, shape and struetuie of the cells is nsuallv 
obt lined from an examination of the purified strain ni the hanging drop as 
veil as m stained specimens Considerable care must be exercised m the judg- 
ment of moliliti A direct diop quickh coiered with a 20 mm coier slip inll 
furnish a satisfactory preparation for the detcinunation of this character if 
CAnnnned at once The special staining methods used for the demonstration of 
^ igelh may also he employed The socallcd “Giant IVlups are ordinarilv 
m cultures of the motile anaerobes The presence oi absence of spores 
mu their position are also noted in the direct drop and stained preparations 
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Tlie t 3 pe of gioutli an bioth should be lecoided at fiequent intenals The 
eiamination of suiface colonies lias aheadi been referied to If moie than 
one t^qae of suiface colonj' is obseiAcd, it usuallj' indicates the piesence of ti\o 
or more species Piequenth, IioweACi, inibkc colonies ultimateh pioAe to 
belong to the same sjiecies Atjpical colonj foiin has been fiequently reiioited 
but leseaiehes eoneeining the significance of these obseiiations have until le- 
ceutly been held in abejance It is quite piobable that investigations in this 
field iviU in the iieai future demonstrate that the phenomenon of miciobic dis- 
sociation as found among the aerobes oecuis in the anaeiobic gioiip and 
iMth like significance 

The deteimination of the eapacitj to decompose proteins and caiboln^drates 
is quite readilj detected Tlie pioteohdic cliaiaeteis aie pidged bj the extent 
to ■which coagulated sciuin and gelatin aie liquefied Gelatin tubes must be 
placed 111 the ice box following incubation of the culture in oidei to detect the 
extent of liquefaction 13 spoiogenes and B histoljticus are examples of the 
spore-fornung proteolj tic anaciobes iihich incite piotein decomposition The 
degiadation products include indole, skatole, phenols, ammonia, hydiogen sul- 
phide, etc, which in combination gne a piofound odoi to these ciiltuies The 
pioteolytic stiains impait a blaeK coloi to the cooked meat medium, and cause 
digestion of the tissue 

Saecharolj’tic poiiei is lecognizcd bi a definite eapaeitj" foi pioducing acid, 
01 aeid and gas in sugar containing media The caibolndiate to be mvesti 
gated is usuallj' picpaied in a 10 to 20 pei cent aqueous solution and steiilized 
It IS then added intli aspetic teehnic to tubes of steiile “sugai fiee” beef in- 
fusion broth It IS customaij to emploj' the sugar in a concentiation of 1 per 
cent Aftei heating and cooling the medium in the usual mannei pievious to 
inoculation, the geinis are intioduccd and incubation is earned out until a 
rich giouth IS obtained To detect acid pioduction a feu diops of the culture 
are lemoAed to a test plate and an indicatoi, such as phenol led, is added It 
has not been found satisfactoij to incoipoiate the indicatoi in the cultuie 
medium It must also be lemembeied that some anaciobes pioduce gas fiom 
sugai -fiee media 

Agglutinins, pieeipitins, and complement-fixing antibodies can be elicited 
vith many species of anaeiobes in the blood of expeiiniental animals, paitieu- 
laily rabbits, bj”" the lutiavenous injection of washed bacilli The geinis aie 
cultured in dextrose broth tor about foit^ -eight hours, collected b-s centrifuga 
tion, washed tliiee times •\Mth steiile saline, suspended in saline, killed bj' heat, 
and then injected Each animal leceives fiom five to ten doses at inteivals 
of from three to five dajs The saline suspension of organisms may be used 
equaUj^ veil foi testing such seiums The most coiitradictoij lesiilts are ob- 
tained as to antibodj response Ordinal ily, houeier, satisfactoiy lesiilts aie 
obtained with cultures of B tetani and B botulinus 

Toxin production is usuallj^ earned out by the inoculation and incubation 
of dextrose broth The time of appearance of the toxin vanes until the stiain 
and the species Thus, uith B uelchii the most potent pieparations are ob- 
tained aftei eighteen to tvrenU-fom houis at 37° 0 On the other hand, it 
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IS neeessarv to incubate cultures of B botulinus for at least ten. days before 
obtaining satisfaetorv toxic matenal 

Antitoxins actn e against the respectn e toxins mav be produced by moeulat- 
mg animals mth increasing doses of the corresponding toxin The larger ani- 
mals such as goats and horses, are to be preferred for this purpose as rabbits 
and Eniiiiea pigs are most difSeult to immunize actively It is customary there- 
fore to obtain antitoxic serums from the commercial houses These serums are 
kept on hand so as to be available for neutralization tests -when injecting 
animals A guinea pig is passivelv immunized by injection with antitoxic sera, 
or 1 e e of the culture in question is mixed with an equal volume of antiserum 
and left in contact for one hour at room temperature before intramuscular in- 
jection in guinea pigs 

For the determmation of pathogenicity, a guinea pig is usually mjeeted 
mtiamuscularh with 1 to 2 e e of a fortv-eight-hour culture 

GEXEUCU COXSIOERVnOXS 

The above technic has been used over a long period of time and has been 
found to be simple, eomenient, and satisfactory for the isolation and identifica- 
tion of the various pathogenic and nonpathogenic anaerobic organisms The in- 
dividual worker -will quite naturallv select procedures for his own particular 
requirements He will find the methods capable of modification and adaptation 
in a varietv of directions 
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B\ Wendell J Stain sB:i, MD, .vnd Edith E Nidholi* MD, New YonK 

Ty^ITHIA^ the past decade, stieptocoeei Jiave assumed increasing recognition 
’ ^ as priniaiy oi secondai'v pathogens in a gieat '\arietj of diseased condi- 
tions, and the pioblein of then pioinpl isolation and identification lias become 
one of glowing inipoitance to the clinician The iniipose of tins aiticle is to 
discuss the bactciiologie piocediues essential to the successful cultnation of 
these oigauisnis Manv of the details deseiibed inaj seem elementan, but 
because of then impoitance it seems advisable to include them 


CLASSinC ITION 


Since the daAS of Pasteui, eonsideiable time and effoit haAc been spent in 
attempting to classify the various foims of stieptocoeei IMuch of this uoilv, 
Millie of Intel est to the bacteiiologist, is of little piactical importance This 
applies especially to the defining of the fixed tjpes of stieptocoeei according 
to then poMci to feiment caibolndiates Inicstigation has shonii that there 
IS little coil elation betuecn pathogenicitr and feimcntative activitj The clas 
sification of Janies Houaid Bioun is both piactical and simple, and is based on 
the gioMth of deep colonies of stieptocoeei on blood agai plates His tliiee mam 
gioups Mith then appioximate siuionnns aie as follows 

1 Alpha tj pe*® colonies suiiounded by gieen zones nitli partial liemohsis 
of the blood coipuscles — Stieptococeus Miidans 

2 Beta type colonies suiiounded bj definite, cleai, eoloiless zones of 
liemolj SIS — Stieptococeus hemoL ticus 

3 Gamma ti^ie colonies pioducing no change in the medium — indiffeient 
sti eptocoeci 

cultuhe aiediujis 


Manj special and complicated mediums including the use of sugais and 
\aiious animal tissues have been adioeated foi the giowtli of stieptocoeei Foi 
piactical piuposes, beef-heait infusion bioth and beef-lieait infusion agai aie 
the most satisfactory 

Preparation of Broth — Frosli beef heart, free from fat, is passed through j meat 
griiidtr and iveiglicd To e^er-v 100 grams of meat one liter of tap water is added It is 
then boiled, ivith frequent stirring, for tiffeen minutes and is placed in the ice box over night 
The following morning it is heated to 20" C, md filtered through a flannel bag One per 
cent baeto peptone and 0 i per cent sodium chloride are added The mixture is then heated 
for a fen minutes oier a low flame, nith constant stirring, until the peptone is dissolied The 
lijdrogen ion concentration is adiusted to a Pn of 7 9 intli 2N sodium Indroxidet The 
solution IS placed in the Arnold sterilizer at 100” C for one hour and then passed through 
a filter paper The Pn is again taken and is usually found to liaie fallen to approximately 


•From the Second (Cornell) iledlcal Dhision and Uie Pathological Laboratories of Belleiue 
Hospital the Cornell Clinic and tlie Depaitment of Medicine Cornell Universltj Medical College 
••Brown also describes an alpha iirline tjpe of streptococcus which is intermediate between 
the alpha and beta tjpes in character t> ^ . „ , „ „ 

tTlie authors ha\e found the Hellige comparator satisfnctorj for P„ determinations 
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7 6 If It his fallen much below this pomt, i further adjustment is necessarv, followed bv 
another hour in the Arnold stcnbzer The medium is placed m tubes and bottles and 
sterilaed m the Arnold sterilizer for twenti minutes it 100° C , on three successive days 
The broth is then incubated for twentr four hours to test for stenlitv The final Pb should 
be between 7 4 and 7 6 For purposes other than blood cultures, the medium is enriched 
with 1 per cent defibrmated blood 

Preparation of Agar — The agar medium is prepared m the same wav as the beef 
heart mfusion broth, with the exception that 1 1 per cent of bacto agar is added with the 
peptone and sodium chloride One per cent defibrmated blood mav also be added, for en 
richment, prior to use 

Huntoon’s “hormone” broth and agar and Bailey’s modification of them provide 
mediums rich in vitamines and are particularlv suitable for the growth of streptococci. How 
ever, thev have the disadiantagc of bemg slightli cloudv and are a little more difBcnlt to 
prepare 

There are a feis geneial pimeiples that are important m the successful 
cultivation of streptococci Thev grow best in a sbghtly alkaline medium 
(Ph 7 -1 to 7 6) The optimum temperature foi growth is about 37“ C Growth 
IS not alwavs obtained m fortv-eigbt hours but mav occur after ten days or 
even longer The tendenev to discard cultures too early accounts for many 
negative results Piacticallv all streptococci grow well aerobically, but a num- 
ber of tliem have been foimd which grow moie luxuriantly under anaerobic or 
partiallv anaerobic conditions The more general use of supplementarv 
anaerobic technic is recommended 

illCROSCOPIC EXAIIIXATIOX 

Tlie microscopic studv of stained smears is, ot course, an essential part of 
ev on bactenologic examination For this the Gram method is the most useful 
for general purposes The smear should be thin even and fixed by passage 
several times through a flame The actual technic of staining is adequately 
described in standard textbooks In mexpeiieneed hands the results are apt 
to be misleading, due to insufficient decolorization, to improperlv prepared, or 
old stains, or to uneven distribution of the stain on the fixed film Control 
smcais should always be made with gram-negative and gram-positne organisms 
and placed beside the film to be examined Stock sbdes prepared vnth smears 
from aetivelv growing cultures of Staphv loeoccus aureus and Bacillus cob are 
frequenth used for this purpose These tend however to deteriorate and lose 
their staining ehai act eristics within a few weeks A satisfaetorv control mav 
readih be obtained from the debris between the teeth This material almost 
alwavs contains gram negative and gram-positive organisms Xo control method 
IS entiielv free from eiror as substances mav be present in the original speci- 
men tliat interfere with the staining process The methvlene blue stain is valu- 
able wlicn the studv of the morphologv of organisms is desired 

INOemVTING VIEDIV 

The best results with the use of liquid media are obtained when the 
amount of inoculating material compared wuth tlie amount of medium does not 
evood the ratio of 1 to 10 In culturing materials such as pus and serous fluids 
m n(lviv,,ble to seed several tubes of blood broth using amounts of the 
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inociilnni a ai > ing ii oin a few di ops to 1 e c Cultiu es containing the smallei 
amounts mil occasionally yield positne icsults nliile those nioie ]iea\iU inocu- 
lated leiuain stexile, and vice ^ersa Liquid media aie unsuitable foi contam- 
inated specimens oi those suspected of containing moie than one type of 
oiganism 

The teehuie foi sti caking blood agai plates depends on the natuie of the 
specimen Thioat swabs usuallj contain a vaiietj of organisms, and for suc- 
cessful cultuiing a thin stieak is necessaiv To aecoinplisli this the swab is 
permitted to touch but a small area ot tlie medium and is then diseaided A 
flesh swab is passed once tliiough the inoeulated aiea and streaked back and 
forth aeioss the plate oi m the foini ot a fan In cultiirmg material in which 
only stieptococci aie present the stieaking maj be done with a platinum loop 
Aftei passing thiough the inoculated aiea, the loop is pushed through the blood 
agar and a hoiizoutal cut made It is then withdrawn and stieaked oier the 
suiface This method peimits the stuch of deep and surface colonies on the 
same plate "When the specimen is suspected of containing few oi no micro 
oiganisms, the plate is streaked in the form of a fan, the swab oi platinum loop 
being jiassed thiough the inoeulated aica at each stioke 

THROAT 

The usual method of taking cultuies horn the thioat is earned out with 
the aid of a steiile cotton swab at one end of a wooden oi wire applieatoi 
■RTien localized inflammation exists, caie should be taken to swmb only the in- 
flamed aiea It is unnecessaiy to squeeze exudate from tonsillai cripts oi to 
puncture them with a hollow needle, as it has been found that such pio- 
ceduies gne substantia Ih the same results as ordinary swabbing The in- 
fected mateiial is stieaked on plates as piexioush outlined 

It should be leniombeied that in healthj persons green-pioducing strepto- 
cocci maj be leeoveicd from the throat in 90 per cent of cases and hemolytic 
stieptoeocei in fioin 10 to 20 pci cent In acute infections of the thioat hemo- 
Isdie stieptoeocei are almost alwais present 

TONSILS 

Excised tonsils w'hich aie to be studied bactei lologicallj should be sent 
directly to the laboiatoiy wnthout being opened bi the suigeon Each tonsil 
should be cultuied sepaiately In om expeiience, the following technic has 
jnelded satisfaetoiy results The tonsil is imineised in 95 per cent alcohol foi 
one mmute, removed wuth sterile forceps, shaken once to lemove excess of 
alcohol, and placed in a sterile Petri dish It is then cut open with sterile 
instruments and a piece of the eential poition lemoved and streaked on blood 
agar Another piece is incubated m blood bioth If the technic is carried out 
eaiefully, the mouth organisms are aioided, and puie cultures of stieptoeocei 
are frequently obtained 

TEETH 

Dental infections are usually streptococcal in oiigin Before extraction, 
the gums should be painted with iodine and 95 per cent alcohol In lemonng 
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the tooth care should be takeu to aAOid contammation from other mouth struc- 
tures The apex is immediate]}' rubbed oiei the surface of a blood agar plate 
The tooth is then dipped in 95 pei cent alcohol for one minute and eraehed 
open m a sterile ton el inth bone foi ceps The interior of the root canal granu- 
loma and abscess if piesent, are cultured on blood agar plates and in blood 
broth tubes Pieces of tooth may also be cultured in blood brotb By this 
method streptococci aie almost alixavs found m diseased teeth and generally 
m pure culture 

SPETCM 

To examine sputum foi streptococci, thin smears aie prepaied, stained mth 
Gram’s stam and methrlene bine and examined under the microscope ilueoid 
material mav he streaked diiecth on blood agai plates ilucopumlent masses 
aftei Masking m sterile natei should be emulsified in nutxient broth or saline 
before culturing on blood agar 


PT s 

Pus may be collected rvith a platinum loop sterile swab, bactenologic 
pipette, or a si'nnge, and a needle Smears aie stained with methvlene bine 
or Gram’s stain Cultures are made on blood agar plates and if the material 
IS not contaminated in blood brotb also The method, previouslw described of 
moculatmg several tubes with i anmg amounts of pus is particularlv useful 

srs'CSEs 

Sinus material submitted to the laboratory for culture is either m the 
foim of sinus washings or of pus which the surgeon has collected on a swab 
after puncturing the sinus It is assumed that the operator has attempted 
to stenhze the nose as thoi oughly as possible before puncturing the sinus Cul- 
tures aie made on tbmh stieaked blood agai plates and in blood asar 
pour plates 


JOIXT PLEERVL, PEKICVRDLVL, VXD PERITOXEAL FLXnDH 

The process of obtaining joint fluid bv aspiiation subjects the patient to 
possible danger through the introduction of pathogemc microorganisms To 
insure a sterile technic extraordmari piecautions must be observed Am 
necessaii palpation for the location of landmarks should be carried out before 
'tonlizing the skm Winn the aspiration is performed at the bedside the use 
of sterile gloves is not advised as thev tend to give the operator a false sense 
of sccnntv A shaip needle of IS oi 20 gauge is selected Sterilization of 
'’■cringe and needle ui a drv stciilizer or autoclave is preferable to boiling 
The skill IS painted with two coats of iodine and one of alcohol the iodine 
leiug permitted to drv tacli time before the application of the next coat 
cnee aspirations are visuallv earned out on the medial aspect of the joint 
nnmedinteh below the patella OtUei joints are nsualh aspirated at the point 
of greatest fluctuation B'hen loints contain a verv small amount of fluid 
1 1'' ncrmissiblc to wash them out vwth a little sterile phv biologic saline wbicb 
(iiaile-. the operator to obt.un a specimen otlierwise impossible 
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AVitli sensitive oi iieiuotic patients it may be adMsable to use a local 
anesthetic A hjTioclei mic siiinge and 2 pei cent novoeame from an ampule 
aie used foi this puipose Aftei a small bleb is made in the skin, the noio- 
eame is slowl 3 injected while the needle is being nisei ted to the joint capsule 
Five to ten minutes should then be pciimtted to elapse in older to give the 
anesthetic time to take eftect before piocecding vith the icsteiibyation of the 
skin and aspiiatioii No^ocalne injected in "tins does not inteifeic vith 
the cultuie 

Smeais aie made and stained in the usual mannci vitli methvlene blue 
and Gram’s stain In addition it is sometimes adiisable to use Wright's, or 
some supiaMtal tcchmc, foi studv of the cell content Cultures aie made m 
blood agai and blood bioth as pieiioiish desciibcd 

The bacteiiologie examinations of pleuial, peiicaidial, and peritoneal 
fluids are carried out m the same naj as foi joints 

URINE 

In cultuiing the urine, it is necessaij' to use a catheteiized specimen, and 
considerable attention siiould be paid to the steiihzatioii ot the uiethial oii- 
fiee Cultuies aie made on blood agai plates and in blood bioth tubes It is 
alnajs advisable to inoculate seieral tubes of blood bioth uitli larjung amounts 
of urine 

GENITVL TRACT 

Baeteiiologic examination of the female genital tiact, othei than the 
uterus, IS usuallj' made by studjiug smcais stained nitli Giam’s stain and 
methylene blue, and fiom cultures on blood agai plates Examinations of the 
uterine caMtv aie complicated bj the possible danger to the patient thiough 
the introduction of pathogenic miciooiganisms The technic of Hams and 
Blown IS the method of choice foi eases of suspected pueipezal sepsis Aeeoi fl- 
ing to this piocedure, the external genitalia are painted with 2 per cent alcohol- 
acetone solution of mei cm oehrome The ccr\ix is then exposed -with a sterile 
bivalve speculum and mped div with sterile gauze sponges A glass loehial 
tube of the tj*pe desciibed bj Little is inseited m the uteiine cavity and carried 
to the fundus ’'i^lien the tube is filled, it is lemoved and imniediatclj taken 
to the laboiatorj The tube is broken wuth the aid of a file and the middle of 
the column of lochia is examined bj' smears and cultuie Blood agai plates 
and slants sealed undei reduced oxjgen tension, human serum bouillon and 
cooked meat medium sealed with vaseline aie used The last medium gives 
the best results It must be boine in mind that stieptoeoeci are occasiouallj 
found in the vaginal seeietions of noimal females 

STOOLS 

The eultuimg of stools is complicated by the presence of various kinds of 
bacteria, in large numbeis Many methods foi growing stieptoeoeci hare been 
advocated by investigatois The principles generally employed are eithei the 
dilution of the stool oi the use of vaiious leagents to inhibit the growth of 
unimportant oiganisins Probablj the most common technic calls for the dilu- 
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tion of the stool m phj’siologic saline befoie culturing on blood agar pour plates 
In our experience, the following method has been found to be most satisfactory 
nhen only the streptococcal content of the stool is desired A representative 
specimen of stool the size of a pea is emulsified in a test tube containing 10 c c 
of a 1 per cent solution ot sodium caibonatc and alloyred to incubate at room 
temperature for ty\enty-four hours Subcultures are then made on blood agar 
pour plates, using y aryung amounts of the inoculum for each plate The cultures 
are then incubated for ty\entv-four to forty-eight hours at 37° C This method 
eliminates all the bacteria usually’ found in stools except the streptococci 

It must be remembered that 90 pei cent or more of stool specimens from 
normal persons contain gieen-producing stieptoeoeei yvhile 10 to 15 per cent 
of them contain hemolvtie streptococci 

The streptococci found in the stools fall loughly into tyvo groups the so- 
called true streptococci and the enterococci The latter may be distinguished 
b\ the following chaiaeteristies which are not found m the first group 

1 They ferment mannitol (Andrewes and Border ) 

2 They grow well m bile-glueose-peptone broth (Weissenbach) 

3 They are heat resistant (Dible) 

4 They are able to spht esculm (Harrison and van der Leek) 


SEES' 

Two methods are particularlj efBcient for the recoyery* of streptococci 
from the skin of erjsipelas patients (1) Fehleisen, after sterilizing the sur- 
face of the periphery of the lesion, excises a portion of the skin and cultures 
It in blood broth Br this method, a hemoly-tic streptococcus is readily re- 
covered (2) Birkhaug has succe'^sfully eliminated the necessity of an opera- 
tne procedure b> injecting 0 5 c c of sterile saline into the skin at the edge of 
the lesion, later, aspirating and culturing the fluid 

In eultmmg skin conditions where contaminations are present the Sa- 
koiuaud bouillon pipette method and Haxthausen s crystal violet method are 
satisfactory 


&abouiaud cultuies the seiuni exudate or an emulsion of scales from the 
lesion, using ascitic fluid with bouillon m Pasteur pipettes This method permits 
aciobie conditions in the wider part of the pipette and semi-aerobic conditions 
in the capillary stem The latter is a more smtahle enyiromnent for strepto- 
coccal giowth yyhile it is unfayorable for the multiplication of staplivlococci 
After a period of twenty -four hours’ incubation, the fluid in the stem of the 
pipette IS evammod and subcultured In this way a pure culture of streptococci 
ni i\ he obtained from a mixed infection 

Haxtbauson’s technic allows for a quantitatnc estimate of the number of 
strcjuocoeii present while at the same time it eliminates contaminating organ- 
isms riie medium he uses is a 10 per cent blood agar in which crystal yuolet 
'« a contentntion of 1 100 000 is added This mycstigator states that in nine 
nnt ol ten cases am sfreplocoeeus will grow in tins incdmm while staphylococci 
an uitireh, or almost entirely, inhibited both when the culture is made from 

A liquid bouillon 

m mu also be used with the same concentration of the dee 
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TISSUES 

Tlie usual methods ot stainni" bacteiia in tissue sections aie unsatistactoiy 
in that fiequently gram-ncgatne oiganisms aic not decoloiized and that the 
bacteiia aie not eleaily diftei entiated fioni tissue elements Biown and Bienn 
have leccntly desciibed a metliod that laigely eliminates these difficulties, de- 
eoloiization being accomplished vith a solution ot piciie acid and acetone 
Readers are leferied to then oiiginal aitiele foi details 

Cultures aie made b-^ placing pieces of the tissue in blood broth and macei- 
ating them nith a glass lod Tough matciial inaj be giound in a nioitai with 
steiile sand, piefeiabl^ moistened vnth a small amount of bouillon, and then 
cultuied in blood bioth and blood agai The gimding piocess, even under suit- 
able conditions exposes the tissue to possible eontamiiiatioiis and should be used 
infiequentlj 

MILK 

In epidemics of septic soie flu oat the clinical laboiatoii is sometimes called 
upon to examine samples of milk Blood agai poui plates are geneiallv used 
foi this puipose Haideubeigh’s technic is satisfactoi 3 Samples fioni in- 
dividual cows are geueiallj cultuied in dilutions of 1 100, composite samples 
in dilutions of 1 20 Poi each plate, 1 c c of the diluted milk is used and the 
cultuie IS incubated fiom eighteen to foitv-eight houis Oiganisms suspected 
of being Streptococcus epideniicus aie tested vith a medium containing sodium 
hippuiate Streptococcus epidciniciis does not split noi ludroljze the sodium 
luppurate, while the othei streptococci do In addition, the Stieptocoecus epi- 
demieus has a capsule 

The estimation of the final hj’-diogen ion conceutiation of the mediimi is 
valuable in diffeientiating the human and boMue tipes of Streptococcus hemo- 
lyticus If grown m 1 pei cent dextiose bioth the stieptocoecus of human oiigin 
will give a final Pn of 5 to 5 3 and that of boMue ongin 4 3 to 4 5 (Aveiw and 
Cullen) 

BLOOD AND SPINAL rLUID 

Blood and spinal fluid eultuies aie desciibed m a sepaiate aiticle 
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PREPARATION OP VACCINES*' 


Bi L W Fajiullner, j\I D , New York City 


S INCE the introduction of bacterial vaccines as theiapeutic agents, their use 
has undergone the -Mcissitudes nhich not mfieqnentlv have attended the 
inti oduction of taiious other pieparations in medicine Prequentli e\2iloited 
bj^ the eommeieial laboiatorj, liailed by the therapeutic faddist as a “cuie all,” 
used blindlj in the treatment of almost etery concenable ailment,^ and often 
as a last resort in some obscine condition nheie othei theiapeutic means had 
failed, reaction naturally folloned, condemnation often reiilaced praise, and 
their geneial usage diminished Neveitheloss, excellent therapeutic lesults neie 
occasionally obseived in the treatment of eeitain conditions which encomaged 
serious study of the problem by some ]n^estlgatolS The continued investiga- 
tions of scientifically tiamed bacteriologists and immunologists in coniunction 
Avith diseiiminating clinicians h.i%e advanced the preparation and application of 
bacterial vaccines to a rational basis, and established then place in theiapeutics 
among othei well leeognized biologic agents Recent discoveries in the fields of 
bacteriology and immunology ha-ve shed light upon some of the past failures, 
and have tended to cleai the pioblera As knon ledge has been gained concern- 
ing bacteiial variations, and then relationship to antigenic pioperties, advances 
have been made in the prepaiation of more efficient piodnets Methods of cul- 
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ture lia^e improved, and tbe selection of the proper type organisms to enter the 
vaccine has become possible 

Experimental eridence indicates that the antigenic properties of bacteria 
are dependent upon certain chemical components of the cell, even associated 
mth certain difterentiated portions of the cell, the chemical nature of certain of 
these cellular products is knomi,^ and the problem of specificity has been eluci- 
dated in certain instances 

Obviously, tbe desired objective in the preparation of an autogenous vac- 
cine IS to culture the organism under conditions nhich produce the least altera- 
tion in the finer chemical structure of the harmful parasite as it existed in the 
host, ai resting or destroying its vitality vnth the least alteration of that chemical 
structure, and retaining the intrinsic composition of the antigenic components of 
the eeU in that state in the prepared vaccine 

In the following article on the properties of autogenous \ accines it will be 
noted that, insofar as practical, the above mentioned principles haie been 
apphed The methods employed have been the outgrowth of years of experience 
in this field and have given satisfactory results As knowledge advances, im- 
provement m methods must foUow, procedures now practiced may be found 
inadequate when viewed in the light of future investigations Emphasis must 
be giien to the importance of the strict supervision of the entire procedure by 
a well framed bacteriologist and immunologist The average laboratorv tech- 
nician does not possess the trainmg, nor the discrimination essential for the best 
results 

In recent jears the use of autogenous i accines as a means of treatment has 
been extended to include certain allergic conditions, possibly due to focal infec- 
tions Therefore in outlining a method of procedure, it is necessary to consider 
in detail foci of the respiratory, the gastrointestinal and the gemtounnaiy- si's- 
tems A complete bactenologic sumey of the patient should be undertaken in 
most instances to secure the offending organisms 

CoUechon of Specimens — ^ilaterials are collected from the nasal passage and 
accessory sinuses, either bj' aspiration under aseptic precautions, or by means 
of a sterile cotton swab passed along the floor of the canal after the patient has 
iigorouslv blown the nose on sterile nipes A sterile nasal speculum should be 
used to dilate the nostrils, nhen suab specimens are taken Secretions, etc , of 
the nasal phatTOgeal area are collected b% means of the "'Aest tube In taking 
specimens for culture from the faucial tonsils, pains must be taken to express 
pus fiom possible pockets and deeph penetrate the crvpts to secure caseous ma- 
terial'j etc The ordinarv cotton sivab (sterile) usuallv ansners all purposes 
Oceasionalh the lingual tonsils are imohed, therefore tbev should be examined 
m the routine procedure Earlj morning specimens of sputum or that follow- 
ing paroxi smal coughing attacks should be collected in a sterile jar and kept on 
ice until cultured 

Eoontgonograms of the teeth should be made and wlien endence exists of 
apienl infections these teeth mav be extracted luider aseptic conditions and cul- 
tures undo If possible maternl should be taken from the socket and cultured 
on suitable medn immcdiatelv at the time of extraction Cultures should be 
unde from gum lesions ulicre piorrlieo is eiident 
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In some instances gall blaclclei infections aie suspected Bile specimens may 
be secured foi cultuie by passing the duodenal tube and alloying it to lemain 
until sufficient fluid is collected toi cultuial pin poses Aseptic precautions must 
be taken thioughout to exclude, insofai as possible, extianeous contamination 
Fecal material foi culture maj be obtained by means of high colonic iiiiga- 
tion with steiilized watci, oi fiom the last movements folloviug the administra- 
tion of castoi oil, 01 one of the saline cathartics 

Uiine specimens maj be secured bi catheteiizatioii, or folloning noimal 
passage, aftei having cleansed the exteinal oiifice yith soap and yater, and then 
iinsing thoioughh yith steiile saline solution 

Not infiequenth the lagina and the cervix aie sites of infection, and should 
be routinelj’ cultuied in those suffeiiiig from chionic arthiitis The patient 
is placed m the propei position for examination, a steiile vaginal speculum is 
inseited and b> means of long cotton swabs, two sets of cultuies aie made, one 
fiom material taken fioin the laginal foinix, the othci fiom the os uteii 

In the male, tlie pi estate mai be iniohed In such conditions, the exteinal 
paits aie thoiouglily cleansed with soap and steiile yatei, then the gland is 
massaged, and the fluid collected on sterile swabs as it passes, then cultured at 
once, if possible 

Other possible foci of infection maj'' be found and cultuied But those lust 
mentioned constitute the gioup which must be cousideicd in a geneial baeteiio- 
logic suiiev of the patient suffeiing in paitieular fioni an alleigic sjunptom 
complex 

Cult 111 ing of Mat dials — Befoie eultui mg materials fiom anj souice, if a 
sufficient amount of the specimen pcimits, a piepaiation stained by the Giam 
method is studied mieioseopicalh, and the laiious types of organisms present 
are noted, as well as then quantitative iclationship to each other As a loutine 
pioccduie, mateiials fiom the lespiratoiy tiact aie cultuied diiectly in dextiose 
broth on blood agar, and on hoimone agai slant Human blood is piefeiable 
in the piepaiation of the agar slant, and m the A^erj' medium Wlien possible, 
sputum IS washed through tliiee changes ot steiile phjsiologic salt solution, then 
the washed masses are placed in the culture media Also the washed sputum, 
pus, feces, etc , aie emulsified in broth, then inimediatelv plated wuth blood agar 
by the poured plate dilution method Feces aie cultured on plain and dextrose 
broth, and in 1 per cent steiile sodium carbonate solution, tins solution m 
amounts of about 10 c c is placed in the oidinarj test tube and steiilized in the 
usual wdj Each tube ot medium lecenes a quantity ot material equivalent in 
size to a navj bean Vaguial and cervical materials, and piostatic fluid, are 
cultuied diieetlj at the time of taking in dextrose biaiii broth (Rosenow) The 
medium is first placed in a cup of water, boiled tor ten minutes, then cooled to 
37° C or less, befoie the material is added for culture 

After eighteen to twenty-four hours’ incubation at 36 to 37° C , the growth 
111 the various culture tubes is studied mrcroscopicall}' from prepared films 
stained by the Gram method, and the moriihologic types aie noted in each in- 
stance Then the cultures ai e plated by the poured plate, dilution method w itli 
blood agar, for isolation of the species present After propei incubation of 
the plate cultures, the colonies are studied, then general eharaeteiisties noted, 
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including tlieir liemolyzing properties “rongli” or “smooth” appearance etc 
and then fishings are made to suitable media Tliose resembling the strepto- 
coccus and the M catarrhalis tj-pe colonies are cultured on dextrose broth, 
the staphjlocoecus tvpe on plain agai slants, and the coliform colonies on both 
dextrose lactose agar (Eussell) and saccharose mannitol agar (Kendall) for a 
prehminary differential test Jlaterials such as sputum, pus etc which were 
emulsified and directlv plated, mav meld organisms in pure culture hr the sec- 
ond generation to be cone erted into a i aeeine while those first cultured on broth 
or agar media before plating usuaUv undergo three or more generations before 
ther can be prepared as vaceines 

On a priori giounds it would appear important to immediatelv convert 
the organisms isolated from the patient into a c aecine for his treatment on the 
supposition that the relation of orgamsm to the liost was tliat of a highly para- 
sitic character which would tend to be lost if the organism was grown a number 
of generations upon artificial medium, a saprophytic existence It would appear 
that much of the finer specificitv might be lost as the orgamsm read]usted itself 
to a changed environment For some years this principle in the preparation of 
autogenous i accines has been practiced * and probablv with beneficial results 
In limiting the number of generations of the orgamsm as derived from the 
patient, the tendency to variation or mutation would be much lessened, a thing 
of theoretical importance and probablv of practical significance Also m making 
fishings of colomes from plates, onlv the smooth tjTie is selected on the basis 
of their specific antigenic properties Again, in some instances the question 
of oxygen requirement is important, and requires special handling of the or- 
ganism 

C^iliuies foi Tacaues — The antigenic substances of bacteria are assumed to 
he associated nith the nucleoprotein of the cell and the capsular and the flagellar 
structures nhen thei are present In culturing bacteria for laccmes a selec- 
tion of media which favor the dei elopment of the orgamsm to its fullest extent 
IS desirable Howevei certain cultural media ordinarily used for such purposes 
might introduce substances of a harmful nature and therefore should not be 
used As a routine the staphylococcus and the coliform groups are grown upon 
plain agar slants although the latter group mai be gronn upon the double sugar 
media of Russell and of Kendall , the streptococcus the catarrhalis and the 
diphtheroid groups are grown upon dextrose broth flasks containing approxi- 
mateh 75 e c of fluid B influenzae is grown upon 5 per cent human blood 
agar 

As mentioned above the first or second generation of the orgamsm should 
he used for seeding purposes and as earh as possible in its development Tneu- 
Intion at 36° C is found to produce excellent growths usually m eighteen to 
tventi-four hours in properly prepared media whose reactions are correcth 
ndjustod Often it is adiantageous to place the freshh seeded media in a water- 
hith at 36 to 37° C to hasten the growth Young ngorouslv "rowing cultures 
eighteen to twcnti hours old should be used for the preparation of the laccine 
thus hohliii" to a minimum autoh-tie disintegration the deleterious effects of 

id production etc The use of old cultures for seeding purposes or for the 
prepantion of vactines should not be permitted 
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Piepaiatmi of ilie Bacteual Vaccmc — A modification'* of the %olumetiic 
method of Hoplaiis'^ has been used in om laboiatoiy foi a number of years Mutb 
highly satisfaetoij lesults This method possesses tlie advantage of simpbcity 
of technic, lapidity of lesults, relatne umfoimity of coneentiation, etc, uhich 
commends its use fiom tlie practical standpoint The onh special piece of ap- 
paratus requited is the Hopkins ceiitiifugc tubc,'^ uhich may be piocuied fiom 
any of the leading scientific supply houses Hotvcvei, it is iiecessaiy that these 
tubes meet the specifications laid down in the oiiginal article by Hopkins The 
other apparatus used may be found oi made in any u ell-eqmppcd laboiatory 
No attempt will be made to cntei into details in this aiticle, as they have been 
published elseuheie,® but only a gencial outline of the procedure uill be given 
At the outset it must be stated that only sterile glassuaie, solutions, etc, may 
be used throughout, and stiictiy aseptic piecautions exeicised in each step If 
the organisms aie grown on agai slants, they should be emulsified in a small 
portion of physiologic salt solution The bacteual suspension is lemoved by 
means ot a Pastern pipette, then sfiained through cotton in a suitable filter 
funnel, and collected in a Hopkins centrifuge tube The filter funnels aie pie- 
paied by diauiiig out test tubes, oi using a Hopkins tube whose tip has bioken 
oti, and placing a small tuft of absorbent cotton in the bioken end Both the 
filter funnel and the Hopkins tubes aie placed in laigei test tubes, which are 
sealed with cotton, and steiilized by dij heat befoie using If the oiganisms 
ha^e been giowu in bioth flasks, the sediment is lemoied directly’ by means of 
a steiile pipette, and collected in the Hopkius tube The tubes are sealed with 
gauze-wrapped cotton plugs, which aie securely’ fastened in position, then placed 
in the ceutiifuge The oiganisms aie thoroughly packed in tlie collecting poi- 
tioii of the ceutiifuge tube aftei oiic-half houi in a machine eaiiimg a head ot 
18 cm diametei, drnen at 2800 to 3000 rerolutions pei minute After sedi- 
mentation IS completed, tlie supernatant fluid and am excess of bacteual sedi- 
ment are removed by means of a Pasteur pipette and i elected Sufficient physi- 
ologic salt solution is added to yield a 1 per cent suspension of the bacteual 
residue, and a homogeneous suspension is made by thoroughly mixing with the 
pipette The baeteiial suspension is tiansfeired to a steiile test tube contain- 
ing a tew small beads, which is thoiovgMy heated in a Bunsen flame from the 
mouth downward about one-halt its length, then is sealed with a steiile cotton 
plug 

Ktihng of ihc Oigamsms — Much has been written conceinmg the best meth- 
ods of treating the oiganisra before its introduction into the body’ of the indi- 
vidual to be immunized, whethei the organisms should be simjily’ attenuated, or 
should be killed " Omug to the attending iisKs of infecting the recipient, atten- 
uated cultures have fallen into disuse At the piesent time, piaetically’ all in- 
vestigators are agieed upon using oiganisms w'hose vegetatne poweis have been 
destroyed, even if the living oiganism theoietically’- possesses gieatei antigenic 
possibilities As to the best method of airesting oi destioying the vegetative 
poweis of an organism and still retaining its higliest antigenic value, mueli dis- 
agreement exists among different w’orkers Wliether this should be induced by 
physical means, such as the production of autoly’sates® oi by the use of heat, oi, 
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on tlie other hand, by chemical means,” such as hr germicides still remains to he 
decided The ehemical group embraces a rather large number of substance-^ 
each appealing to have its special ad\oeates^“ In particular, many hold that 
chemical means of killing organisms is superior to the use of heat “ but the pub- 
lished studies are not fullv conclusive since the claims are frequentlv based 
upon animal experimentation and studies of certain immune bodies or serologic 
reactions, irhich haie a questionable relationship to the true immunologic 
processes oceuring in the patient undergoing protective, or therapeutic immu- 
nization The -whole subject requires restudy, taking m consideration certain 
biologic reactne processes more closely associated -ssuth pathologic conditions 
such studies are now under ivav Therefore, until more conclusive evidence than 
that 11111011 has been presented up to this time is forthcoming the heat-kdling 
method iviU be retained m preparing the vaccine But as a basic condition, 
onlv the mimmal amount of heat is used irhich just kills the organism after 
one houi exposure In general 58° G suffices for the true streptococcus group 
and some of the gram-negatii e cocci, but for the coliform group and the staphylo- 
coccus group, a higher temperature is necessarv, and ei en a temperature reach- 
ing 64 to 65° C mav be required to insure the kiUing of the enterococcus (M 
ovalis) The sterilised test tube containing the physiologic salt solution suspen- 
sion of the organism is submerged to a depth of about one meh from the mouth 
in a -water-bath, then heated for one hour at the required temperature A sepa- 
rate -saccine is made from each of the organisms isolated from the various foci 
cultured in the patient 

Coni) ol of Vaccinf — After heating the suspension of the organisms as stated, 
the tube is removed from the bath and shaken thoroughly to ensure a uniform 
mixtuie, then t-wo or three drops are planted into each of t-wo culture tubes one 
containing about 20 c c dextrose broth the other an agar slant These tubes 
arc incubated at 36 to 37° C for seientv-t-wo hours to determine the sterihtv 
of tlie -laeeine After making cultures for the sterility tests, the remainder of 
the -1 dceine is transferred to a sterile, 15 c c amber glass bottle, containing a 
feu small glass heads, and sufficient 10 per cent emulsion of tricresol in distilled 
water is added to gne a final dilution of 0 25 per cent The bottle is sealed with 
a sterile rubber stopper properly labeled, then well shaken and stored in the 
refrigerator IVhen the sterihtv of the preparation has been proied the vac- 
cine IS read! for use The vaccine m the storage bottle is known as the “stock 
■vacoiiie ” and contains practicallv 1 per cent of the killed bacterial substance 
^tanda)dizatxon of Tacane — Hopkins estimated the aierage number of or- 
ganisms present in 1 0 c c of 1 per cent suspensions of \arious bacterial species 
prepared In Ins technic and established those numbers as “standards ” Dilu- 
tions of the “stock Aaceines were made for therapeutic purposes, and the bae- 
ternl concentrations were c-vpressed in numerical -values 

In a stnch of the application of autogenous -vaccines to the diagnosis and 
treatment of asthma it was found that the numerical method of standardiza- 
tion as emploied In Hopkins was not as practical as could be desired There- 
fore 1 modification-' was introduced which proved more satisfactorv The stand- 
ard adopted was based upon the lohnxic content of moist bacterial substance col- 
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lected in tlic Hopkins tube nndei staiidai dized pioceduie Tlie vaccine unit' 
may be defined as consisting of tliat loliune of bacteiial substance (killed) rep- 
lesentcd bj 0 01 c c of a 1 pei cent suspension, piepaied under certain lequued 
conditions Tins quantity (one unit) of laecinc lias been found the most £a- 
voiable amount to produce a positive skin leactmn^^ in the bj persensitive indi- 
vidual nlien giien intiadeinialh , the absence of a leaetion eliminates a patient 
as nonsensitne to the oiganisin, insofai as tlie diieet skin test indicates The 
parficulai advantages of the Aolumetiic vaccine unit aie gi eater uniformity in 
dosage, constant laliiation of laccines piejiared fioiii tlie same species, and com- 
parable valuations of laecincs prepaied from different bacteiial species 

Testing Yaccincs — ^^^aecincs foi the intradeimal test of tlie patient to dc- 
teiniiiie his leaetion to the larious oiganisiiis (killed) isolated from mateiiai 
taken in the bacteiiologic suiiej', aie dispensed from the 1 pei cent sterile 
stock piepaiation Thej aie supplied mice ampoules, eitliei as the original 
1 pel cent suspension, oi a dilution*'* of one pait of stock vaccine in file paits 
(1 5) of the staudaid diluent, consisting of sfciilc plnsiologic salt solution con- 
taining 0 25 pci cent tiiciesol Usually 0 5 e c of eillier suspension is placed in 
the steiilc ampoule vhieh is sealed uitli sfeiile lubber stoppci, then pioperlj 
labeled, and kept in the ice bo\ until used The dose used in the skin test con- 
sists of 0 01 c c of the 1 pel cent concenti ate, or 0 05 c c of the diluted stock 
vaccine, the laigei vohuiie pei nuts inoie accurate ineasuiement 

Theiapeidic Tucdncs — The piepaiation of the tieatnieut vaccine is de- 
pendent upon the lesults of the skin leaction following the nitiadeimal injection 
of the test vaccines One oi nioie bacteiial species mai be indicated as etiologic 
factors m the patient’s condition, so the lespectne laccines aie selected accord- 
mglj' foi theiapeutic use The) mai be dispensed sepaiatelj, oi maj be com- 
bined in different pioportious as desued Usually the concenti atioii of the auto- 
genous vaccine, piimanlv supplied, contains 10 units of the bacterial substance 
pel cubic centimeter, but it mai become necessaiy to altei this eoncentiation 
after the fiist injections, depending upon the patient’s geneial reaction to the 
tieatment The dilutions of tiic treatment vaccines are made fiom the “stock 
vaccines’’ by acciuately measuiing out the lequned amount of the unifoim sus- 
pensions after thoroughly shaking, with a steiile 1 cc pipette maiked with 
0 01 c e graduations The given amounts of the lespectiie laccines aie placed 
in a steiile 10 c c vial, containing a few small glass beads, then that amount of 
standaid diluent (see above) is added to bring to zequued volume, sealed Avith 
special sterile rubbei stoppei, then projieily labeled The laeeine is kept con- 
stantly in the ice box except w hen in actual use 

In piesenting this discussion on the piepaiation of vaccines it is with the 
kno'wledge that ceitain pioceduies may be subject to just ciiticism, as much 
difference of opinion exists among diffeient investigatoi s as to the lelatne meiits 

♦Occnsion'illj certain indi^idunl^ are found to be extremely ln'perseni5lti\ e to certnin 
bacterial %accities and gra\e reactions follow the initial dose In such cases sreatlj reduced 
doses must be administered to them dunnp: the course of their treatment As more or Jess 
difficultj maj be expeiienced in dealing: uith fractional unit dosagre it has been suffffested b> 

Dr 'William S Thomas that a milhunit of measurement might be recogn^ed and therebi the 
dosage be expressed in whole numbers In that particular group of cases tlie mi/htoitt, U Is 

understood that the original nhole unit as defined nbo\e is simph subdivided Into one thou- 
sand parts and each of these part*? designated as a ptiDnimi Tlie doses of udminis 

tered to tlie patient during the course of treatment would be recorded on his chart in terms of 
milUunlts rather than in frictions of the basic unit — ^rersonal communication 
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of one or anotlier metliod of arriving at a gn en result Ultimate results have 
appeared to justifv the methods outlined in the foregoing presentation Revision 
may become neeessarv if further investigations defimtelv decide certain doubtful 
questions, and show their superioritv to proceduies now in \ogue 
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A’ACCINES IN CLINICAL 5IEDICINE 


Ba Robert A Keilta, M D , Washington D C 


A T FIRST thought it vould seem that a well rounded paper on the subject of 
Aacemes Atould be both timelv and easv to present The difficulties and 
iinccitainties of taceines and taccine therapv and the wide divergence of experi- 
mental and clinical opinion accounts for an imbalance m the position of the 
vhole subject at the moment We mai rule out of this discussion the active 
iminunitA of Aaecines produced m the preAention of such diseases as typhoid 
fetei, since tins is an estabbshed accomplisbnient and Ave are no longer living m 
the age of Chieaniauga Park as far as tAqilioid fcAer is eoneemed 

Yon either belieie or you do not believe in Aaecines Tlus attitude mav be 
veil gioiinded from actual first hand cvpcricnce it maA be a bebef fostered in 
Ignorance, or it maA be the result of a tcaclung aaIucIi aou folloAA There is too 
much aceomphsliecl bA the intelligent use of Aaecines^ to entireh’ disregard them 
IS IS the custom of iimnA At the same time the problem has not been hasiealh 
nor suffioionth chiculated experimentalh and the results are not constant nor 
consistent enongli elniicallA to put the question on a firm foundation of fact 
One IS torn betAieen the intncscies of tlicorA and the results obtained in practice 
If A on do not bclicAe in Aaecines aou either InAc no interest in them or at 
most onh a psssmg fmcA If aou do bchcAe m them aou nnv be a liA-percn- 
tbnsinst Uotli of tlicse position>. are untenable I belicAe that the mid-round 
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between two extiomes is aliiaj s a safe place to Moik m, and this is certainly true 
for the vaeeme piobleni In otliei iioids, stay m the faiiiiay, keep out of the 
rough but keep plajung and do not pick up 

What IS a vaccine? A vaccine is a buffeted solution of immunogenic or 
laccinogenrc bacterial substances, bacterial bodies, toxins, phages, and filtrates 
prepared in such a nay that the greatest chance for obtaining and maintaining 
specific antigenic or stiinulus body is piesci\ed intact To begin with, there are 
all manners of \accines, prepared bv all sorts of methods and so vith great 
variation of antigenic substances If possible, the properties of the antigen or 
vaccinogemc substance or substances, whether or not of protein nature, must 
be accuiatelj determined and measured vith better methods for the recognition 
and dosage der ised 

At the present time I am assuming that the isolation of a single oiganism 
from a given lesion, as for example, the hemoljdic uhite or 3 ellow staphj lococeus 
from a cutaneous abscess (boil or furuncle), m pure culture, is tlie etiologic 
stimulus for that infection, and that its combat may be accomplished bj' the pro- 
duction of antibodies produced in the body Minch are more or less specific against 
it It IS MeU recognized that a piopeih picpaied vaccine, autogenous or stock, 
Mill effect prompt results in a large nrrmber of these cases Against this there 
are many failures with lecurieiiees In these eases of failure, there is a chance 
for the stud} of the antigen Mhieh is piobablj quite specific or at least the con- 
ditions for specificrt} are quite apparent, and the effects of modifications of vac- 
cine preparations can be nicelj studied and the results interpreted 

In the case of multiple oigaiiisms in a flora, m Mhich one or more niaj’^ be 
the etiologie factor, the problem is more complicated but the same principles 
maj be applied to each organism isolated as though dealing M’lth a single organ- 
ism infection The best example for multiple trqies is the flora from the sputum 
and upper respirator}' tract m pulmonic infections Many excellent results are 
obtained in the use of yaccine in bacterial asthma and chionic bronchitis and 
bronchiolitis In these eases I plant the material by light stieaks on blood agai 
plates and select colony t}pes in order of then qnantitatiye groM'th Prom these 
first transplants, salt solution preparations are made and sterilized, keeping each 
t}pe separate These usuall} ax'erage four, five or six Wlieie a number of 
different sources, feces, irriue, prostate, cervix, gingiva, aie suspected as foci, 
isolations are made in the same Mav This ma}' amount to tventv or more in- 
dividual preparations The organisms to be used in the final vaccine are picked 
out according to the intiadermic, allergic reaction of each This reaction must 
amount to 50 iiei cent or more and is read immediatel}', within one-half hour, 
and again for dela}ed reaction in tMent}-foui horns Onl}' those oiganisms 
shoMing definite cutaneous allergic reactions are considered for use This prin- 
ciple of restricting the use of possible etiologie bacteria to only those Mhich give 
positive allergic lutiacutaneous reactions may eventually be shoMui to rule out 
some organisms having a vacemogenic substance but my own results cluiing the 
past year have been improved I think because of this procedure 

A vacerne, therefore, must be started if possible from the actual specific 
etiologie oiganism It must be prepared, utilizing bacterial bodies and soluble 
bacteiial pioduets in such a way that their antigenic or vaccinogemc factor is 
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altered m the least possible degree Xo matter ho-n desirable a living organism 
might he from the standpoint of its vaecmogenie valne I believe it should be 
hilled I am still heat-minded, using the smallest amount for the least time -with 
the addition of tricresol The final control from the finished ampoules must be 
sterile using the same medium or media as in the original isolation I realize 
the possible value of attenuated forms but I still fear them potential possibilities 
The dosage of a given vaccine vanes with each one given The present 
trend is to start with rery small doses, at least 0 1 c c and increase m 0 1 c c 
stages keepmg the dose just short of local or general reaction I bebeve that 
general reactions (malaise, some headache, slight fever, and an increase in focal 
svmptoms) are not only to be desired but are essential if the fullest degree of 
immunologic factors are to be obtained I pay very bttle attention to the local 
reaction unless it is severe, when I delay the next dose for a day or two, but I 
do not consider a maximum dose until a general reaction has repeated itself at 
least two or three times The local reactions are so uncertain, mav be severe 
with the first dose or not at all with much larger doses, that they cannot be used 
as an intelligent guide to dosage General reactions, on the other hand, are 
quite definite and appear a few hours after injection I try to get a result com- 
parable to that of a typical antityphoid reaction 

Bearmg in mind my method of bacterial selection and preparation with mv 
reaction to dosage, I pav no attention to bacterial counting in the original vac- 
cine but always use heai-v suspensions, so that my laccines are alwavs miUrv 
cloudv as compared to the light almost waterv preparations of most laboratories 
Vaccmes are wonderful adjuncts but are not cure-aUs They must he given 
mth the defimte purpose of raising the immunologic bodies against a given in- 
fection, if our theories on immunity have any basis, in fact, hut that mfection 
must be reduced or ehmmated wherever possible bj all other means available 
A great manv of the indifferent results and failures can be charged, not onlv to 
the nonspecificitj of the laccme used, but to the fact that vaccines alone are 
meapable of combating the conditions of infection 

The selection of cases for the use of ^aeclne therapv is also of great im- 
portance In all types of infection, direct or focal a -vaccine is indicated, and 
good results mav he expected in a high percentage This percentage of results 
is impiovmg as the selection of cases is more carefully made as the vaccines 
are more intelhgentlv prepared, as the dose is more adequately administered 
as the originating foci are more thoroughly, eliminated and as direct chemo- 
therapy nhere indicated is more specifically apphed Thus, it seems to me the 
laccine situation of today is summed up 

Shall \accines be gneii mtncutaneouslv subcutaneouslv intramuseularlv, 
or intrayeiioiish ? The intracutaneous method mil undoubtedly give yaccine 
results but the dosage must be smaller I am not in a position to recommend it 
cvclusiych at this time The subcutaneous method Ins been and is largely pre- 
ferred but for the past year or more I hayc been using a deeper intramuscul-'r 
mnctioii Tins cm be done yvith much less annoyance to the patient less local 
reiction and yvith as efficient yaccine results It seems to me that eyentuallv 
t 10 mtrayfnons route yvill be the method of choice but as long as bacterial bodies 
are used tliey might become embolic and might initiate thrombosis 
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The giving of a dose of vaccine is an ait Good, new, sliaip needles aie 
essential, the syringe, of couise, must be steiile The piopei amount of laccine 
IS drawn into the sjunge aftei steiilizing the top of the bottle w-ith alcohol, the 
surface of the ann or leg is thoioughly cleaned with sterile gauze, alcohol and 
diied The area selected oiei a muscle, in the arm the tiieeps, is gently held 
wuth the left hand and the needle quickly plunged into it The contents of the 
sjuinge are injected as quickly as possible, the needle withdiawn and the aiea 
gently massaged with a steiile sponge The giving of a small dose should be 
aecomphshed in less than a second and eien one cubic centimetei m tw'o or thiee 
seconds This lapid method is appioved and appieeiated by the patient As 
expiesoed by Kolnier, I think the icsult of laecine dosage is gieatlj enhanced 
in the hands of those with inei easing evperienee 

CONCLUSIONS 

The position of vaccines, theoi eticallj’’, experimentallj , and clinically is to- 
day one of imbalance 

Theie has been too much accomplished in the past to disiegaid them entiielv 
and a middle giound is an acceptable attitude 

A vaccine is defined as a laecinogenic solution having the powei of pro- 
ducing specific antibodies in mvo 

Vaccines prepaied fiom a multiple floia are selected by me exclusively on 
then quantitatne appeal ance in eultuie and then alleigic cutaneous leactions 

Vaccines must stait out with the study and isolation of specific etiologic 
organisms 

Vaccines must be piepaied in such a way that the vnccinogenic factoi is as 
nearly unalteied as possible, but I am not in fa%oi of using any solution wheie 
a ^^able oiganism has any chance of becoming viiulcnt 

The piesent tiend in dosage is to stait with small amounts, 0 1 c c inci eased 
in 0 1 e c stages and giien eveiy othei day' oiei a long period Each indnidiial 
case IS an entity^ and foi this leason the best lesults aic obtained aftei experience 

In the piepaiatiou of a vaccine, I pay no attention to the bacteiial count 
but make heai^ suspensions and vaiy the dosage accoiding to general reactions 

The desirability' of general leactions foi immunity’- pioducing pui poses is 
stiessed 

Vaccines aie wondeiful adjuncts but not cure-alls 
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F ungi are tliose plants of the Thalloiiln-les rrhich are devoid of chlorophyl 
and must, therefoie, depend for their food upon vegetable or animal tissues 
In the examination of any material for fungi there are two modes of attack 
one IS the direct examination of the material, and the other is the cultivation 
of the organism from the material In the first case the material, either stained 
or unstained, mav be examined with the aid of the microscope In general wet 
(unstained) prepaiations are preferred to stained ones because the morphology 
of this group of organisms is so characteristic in the unstained condition Pus 
cells and fibiin, in exudates, and the tissue ceEs in tissue sections generally ob- 
scure the field, therefore the material is best placed on a sbde and a few drops of 
antiformin, 20 to 40 per cent sodium hydroxide, or alcohol sodium sulphide^ is 
added to the material on the slide, covered with a cov er shp and examined If 
scrapings from the skin are to be examined the alcohol sodium sulphide will be 
found to be superior to the antifoimin or the sodium hydroxide The sodium 
sulphide will clear the specimen in a few minutes, where the time necessary to 
obtain a satisfactory shde with the hvdroxide wiU require several hours in con- 
tact ivith the solution In either case I hav e found it profitable to examine the 
shde the next morning, adding water, if necessary to replace the loss due to 
evaporation Evaporation mav be retarded by placing the slide in a Petn dish 
containing moist filter paper It must be borne in mind that certain fungi are 
dissolv ed in sodium hv droxide 

In the normal and abnormal tissues of man and animals there are fibers 
ven <nmilai to the filaments of mvcelium. The mvcelium reported in sections 
of the spleen in cases of splenomegalia is an example of this 

XOVIEXCLATC RE 

"''Vhen the mycelium is not dmded into cells bv partitions it is said to be 
continuous, nonseptate or mthout septa When the mvcelium is divided into 
cells it IS said to be septate oi noncontinuoiis 

Cells containing manv nuclei are known as coenoevtcs 
Hyphac are special branches which bear spores The simplest forms of 
spores are bud-like outgrowths on the mvcelium and are called gemmae This 
IS well illustrated in the v easts The mvcelium mav be cut off bv partitions and 
the protoplasm inside gathered into a mass which has a thickened wall known as 
clilann dospores Spores which are cut off from the tip of livplia are known as 
conidn oi conuhospores and the hvpha bearing them is a conidiophore Spores 
in ilnins arc said to be catenulate due to the development of one spore below 
another before the elder spore is cast off Conidia composed of one cell ire de- 
scribed ns beine 'Jinipk while tbo<;c composed of two or more cells are compound 

•In.mUu D 5>-.rtIUfnlo{E'^^Sfnolo^^ ir.l ClimcH P-nhr.lo^T' VUdical CoU<-Kf of V iremla. 
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Spoies maj^ be contained loose inside of swollen tips of hypliae These spoie 
cases aie sporangia and the hjTphae are spoiangioplioies The Mucois are of 
this type The ascus differs fioni the pieceding m tliat tlie number of spores 
is generally of a definite nuinbei, eight being the most common, although they 
may be Icssei oi greatei , they are of the ordei 1, 2, 4, 8, 16, 32, etc The asci 
may be naked oi coyeied, scattered or collected into groups When naked the 
cup or disk nhich beais the ascus is known as an apothecium, when coveied the 
fiuit IS a peiithecium 

Sexual spores aie foimcd by the fusion of sexual elements known as gametes 
The Oomycetes leproduce in this mannei Arthiospoies arc the fragmentation 
of the mycelium and are also known as Oidia Oidium laetis is an example 
Aleurispoies are attached to the mxeeliiim and diftei fiom couidia meiely in 
their place of attachment Hemispoics aie structures which appeal to be a 
transition between the j easts and the oidia, and conidia, some of the cells of 
the mieelium deielop a swollen stiuetuie which later breaks up into a series of 
spoies rc^embliij" aiihiospores Aietiiispoies differ from eomcha m that thej 
aie not set fiee when mature, but aie only bboiated when the mycelium that 
foims them dismtegiates These stiuctures aie analogous to lateral clilami do- 
spores 

DETERMINATION OE MORPHOLOGX 

The mycologist identifies fungi by morphologic methods and for this method 
Petri dishes and slide ciiltuies are to be piefeiied to those of the culture tube 
The giowdhs on the medium in the Petri dishes are first examined with the un- 
aided eye, then with a hand lens A lens of is xeiy good for this work 
Follownng tins the growth may then be examined with the 16 mm objective, 
using the microscope Considerable iiifoimation max be obtained by inyerting 
the dish, wuthout remoying the cover, and examining with this objectne This 
keeps the culture tree from contamination but the aeiinl hjiihae cannot be ex- 
amined with the elaiity that is possible with the coxer removed The 4 mm 
objectne may be used to a limited extent, with the cover lemoved By these 
methods the fruiting oigans maj be examined with consideiable detail The 
finer details ot the stiucture maj be seen by lemoving some of the growdh to a 
slide, mounting in w ater, appljnng to covei slip and examining with the higher 
powers By these methods the stiucture of the mjcelium (whether it is septated 
or not), the structure of the sporophoies the position of the spores, together 
with then shape and number, the piesence oi absence of ehlamj^dospores, and 
other morphologic characters may be studied Pleomorphism of fungi due to 
variation in culture media and the age of the cultuie should alw’ays be kept in 
mind 

CULTIVATION OF FUNQI 

The best medium for the isolation of fungi, provided the sought-for species 
will tolerate the acidity, is one made as follows one per cent peptone and one 
and one half per cent agar in watei, distiibute among culture tubes m 10 cc 
quantities, plug with cotton and autoclaxe Piepaie an aqueous solution of 50 
per cent dextrose and 5 per cent tartaiic acid and autoclave When required 
for use melt the agai and add 1 c c of the dextiose, taitaiic acid mixtuie This 
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gives a concentration of about 5 per cent dextrose and 0 5 per cent tartaric acid 
The reaction is about Ph I jMost fungi will grow luxunantlv on this medium, 
while the bacteria aie almost completely retarded 

Sabouraud’s medium is extensnelv used for the cultivation of fungi This 
medium contams 1 per cent peptone 4 per cent crude maltose and IV 2 cent 
agar Sabouraud’s “proof agar” is made by using a particular brand of pep- 
tone and crude maltose For most m ork anv brand mil sufBce and dextrose may 
replace the maltose 

Wort and aqueous extracts of numerous vegetables are used to grow fungi 
as are also the vegetables themselves prepared after the manner of the potato 
culture used in bacteriologv 

THE 3IOrE DIPORTAXT FUXGtS DISEASES 

Actinomyces The ma 3 oritv of these infections present grams in the pus 
’When grains are crushed on a slide and stained with one of the anibne dves, 
or bv Gram’s method, they will be seen to be made up of fine threads generally 
gram-positive A gieat manv members of this genus are aerobic, but some are 
anaerobic, therefore in plating the cultures should be grown aerobically and 
anaerobieallj Groudh is generalli slow The organism mav be demonstrated in 
the tissues by histologic methods using eosm and hematoxvlin or other stains 
The characteristic club forms are seen in the tissues (Fig 13) 

Trichosporosis This is due to a Trichosporum Masses of micelium gron 
as little hard knots on the hairs These knots gne off a ratthng sound when the 
comb IS run through the hair 

Blastomycosis Doublv contoured budding cells may be demonstrated in 
the pus either in potash solution or by stainmg Histologic sections stained with 
eosm and hematox\lin will reveal the causative organism in the mibary ab- 
scesses (Fig 15) In some cases it mav be necessarv to make a number of sec- 
tions ten or more, to demonstrate the caiisatne organism, in other cases each 
section mav contain large numbers of the parasite The organism (Oidium gil- 
chnsti) ma^ be groivn on the common laboratorv agars It produces a nhite 
fluff! growth made of ra!cebal threads (Fig 14) 

Pit yi lasts Teisicolot Scrapings of the skin are placed on a slide potash 
solution or sodium sulphide solution added and a cover slip laid on top of the 
liquid After a few minutes with the sulphide solution (longer with the potash) 
the clusters of spores and the short mieebal threads will be seen (Fig 11) 

Thill sh Slide preparations from the patches stained bj Grams method 
Will show gram-positive budding forms If this material is plated the colonies 
mac be isolated be identifving them bv use of the 16 mm objective of the micro- 
'^cope as described in a preiions section of this paper The colonies have a 
greenish cast are somewhat circular and are composed of globular elements 
A pure culture planted into dextrose broth after a few dais show not onb the 
budding tipes but also a mass of lonn brandling mjcelial threads manv of 
nlncb liaie budding spores To determine if thc'-e forms produce aseospores it 
uill be ncccssars to plant sonic of the growth on a plaster of Pans block This 
lock IS made In mixing plaster of Pans with water pouring into a paper mold 
•md allowing it to harden IMien tins has occurred, renioce it from the mold 
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and place it in a deep Petii disli oi test tube Watei oi 0 1 pei cent peptone 
solution IS added to thoiouglih moisten the block, but the solution must not 
cover the siuface The moistened block is then steiihzed in the autoclave Gfronth 
fiom a 'soung cultuie is geneioush spiead ovei the siuface ot the block Me- 
Kelvei ’s medium maA be used in place ot the plastci of Pans block This is 



Fig- 1 — Aspei-gillus 1 , conldla 2 conldlophore 

Fig 2 — Pemcllllum 1 conidia 2 , bnnchlng conidioplioie 1 sterlgnns 
Fig 3 — Mucor 1 bponingium 2 &por ingiopliore 3 , columneiln 
Fig 4 — Trichosporium 1 , conidia 2 conldiopiiore 

Fig 5 — Ciiiamjdospore"! 

Fig G — Sept-ite mjceliuni 
Fig 7 — Nonseptate ni>celiupi 
Pig 8 — Spoies of Altermria 

Fie, G — Cladospoiiuni i comdin 2 conidiopliore 

made by adding plastei of Pans to canot infusion agai, vhich is then tubed, 
autoclaved and slanted as intli auj otliei agai cultuie medium 

The above methods mai be used foi moniliasis in general The yeast-like 
bodies vill be seen on micioscopic examination, the matenal may then be plated, 
the oigamsms isolated m puie cultuie and identified So much contioveis^ has 
arisen eoneeining the species of the genus Monilia, that it seems best not to in- 
clude them in this papei 
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THE BRONCIIOMA COSTS 

Diseases of the bioneln and kings may be due to, oi associated iiitb, the 
follow mg fungi Tliose resembling leasts i e, tlie budding foims, Goceidioides, 
Endom-vees, Momlia and Sacebai oinj ces , those of the slendci filamentous tjpe, 
Actmomices, Anaeroinvces and VibiiotluiK, those of tlie laigei tjpe, Hemispoia 
and Oidmm, those uitli cliaractei istie fuictificatioiis, Acladiuiii, Aci emoniella, 
Altci liana, Aspeigillus, JIucoi, Pcnicillum, and Sporotiichum 

The descriptions of the above geneia follou 

CocLidionlcs Asci present , legetatne cells foim a i\ell de\ eloped mycelium 
The asci contain a large nuinbei of spoies, chaiatteis iiitei mediate betveeu 
Sacchai omj ees and Monika 

Emlomyces Micekum veil dei eloped, budding foims pieseut, asci four 
spoied foimed ascMialli , icpioduetion hi external spoies ascospozes and spoies 
situated inside the micclial tubes 

Succlia) omyccs Vegetable cells globose ellipsoid, oiate, peai-shaped, etc, 
leprodueing bj budding and icmaining attached m shoit, simple or branched 
pseudomi eelial gioups, uhich iiiaj latei sepaiate, asci globose, ellipsoid, oi 
cjlindric, 1 to 4 spored (tjpicalh 3 to 4 sporecl), single oi in chains, ascospoies 
globose to ellipsoid 

Amciomyces Aiiaeiobic, giam-positne nonmotile, blanching diphtheroid 
bacteiia , colonies moist 

Vi&j lofJnix Mycekuin poljTuoi pint , bacillaii , vibiio-hke, spi ilkim-hke and 
at times clubbed Globose oi peai-sliaped bodies, iiliich vaiv in size, mnj be 
present Generally motile, giam-iiegatne, gciicnlly aeiobic and facultative 
anaerobic, a few aie anaerobic, giows on common mediums 

IIe)ius2yo}a Micehum thin, hj aline, blanched and septated Some of the 
micelial filaments show a cushion-like stiuctuie teimed the piotoconidium, 
which latei becomes segmented These segments aie known as deuteioconidia 

Ouhum Foims in which the lij^ihae aie often long and blanched, teimi- 
nating in spoies known as Oidia, which lesiilt from the septation of the m3ce- 
liiim Budding foims aie at times included in this genus (Pig 15) 

Acladtum Aecessoij fructifications absent, hjphae abundant, moie than 1 
micron in diametei , the Inphae aie pale, elongated, septate and branched, with- 
out true coiiidiophoi es , spoiophoies unbiaiicliied, spoiogenous appaiatus but 
little differentiated from the mjeekum, pseiidoconidia home on the walls of 
the mjmelium 

An emomella Mjeeliiim septate, abundant, a daik biown spore, 7 7 to 9 7 
micions m diametei, teiniinal on each conidiophore 

Alteinana Conidiophoies in bundles, eieet, shoit, conidia septate in tw'o 
directions, couidia in chains (Pig 81 

Aspeigillus Conidiophoies uiibiauclied, rise fiom an enlaiged cell of the 
vegetative mycelium, teiminal portion swollen, comdia home on stengmas 
(Pig 1) 

Mucoi Spoiaiigiophoies aiising singly, without stolons, spores borne in 
spoiangia, mj^eelmm septate (Pig 3) 
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PeiuaUum Comdia on distinct comdiopbores nhich braneli at the tip, 
conidia 1 celled , neither conidia nor hvphae smoki or dark in color when young 
{Fig 2) 

SpoioUichum Mrcelium septate and branched, conidia borne laterallv or 
terminalh from all parts of the mTcehnin , true comdiopbores absent , eolomes 
ma^ be white or colored (Fig 16) 

MACOTIC DISEA«ES OF THE NEKIOUS SA'STEM 

Abscesses containing j easts or yeast-like orgamsms have been found in the 
brain and spmal cord in patients mth a generalized infection of these fungi A 
number of cases have been reported of meningitis due to Torula histolvtiea This 
organism appears m the tissues as yeast-like cells, surrounded by a thick cap- 
sule In culture the gron-th resembles that of the a easts maeroseopieally and 
microscopicalh Xo asci aie formed and no gas is produced from any of the 
carboln drates ordinarily used for fermentation tests 

MYCOTIC DISEASES OF THE ORGANS OF SPECIAL SENSES 

The follomng fungi have been reported as the etiologic factor in diseases of 
the eve Actinoravces Blast omjces Moniba Oidium Aspergillus Penicilliuni, 
Sporotnehum and Glenospora The genus Glenospora is defined as mvcebum 
composed of abundant hvphae, septate and branched, conidiophores absent, 
hA*phae pale or dark , small aleurispores become dark and are home on the sides 
and tips of the Iniihae 

Aspergillus infection in man is commonly located in the eai Jlonilia ^lucor, 
and SaccharomA ces infections of the ear hai e been less frequently reported 

MYCOSES OF THE GENITOURINARY SYSTEM 

Primary or secondary infections of the urethra in yhich a discharge is gen- 
eralh present maj be due to one of the folloiving Actinomvces ilonilia, 
Oidiiim, Torula, oi Saccharomi ces 

The most common fungus associated ivith vaginitis is the genus Monilia A 
number of cases of lagimtis due to this genus liace recently been leported 
Otlier genera reported are Alternana Aspergillus Cladosporium Hemispora 
Penicillium, Torula, and Vibiiothrix ilost of the latter group mai be mere 
sapropliA tes 

INTESTINAL MOMLIV^lS 

Patients ubo harbor ^lonilia in their intestinal tracts are not uncommon 
Sprue has been said to be due to this genus The Monilias mac be demonstrated 
I on rcadih In planting the suspected material on dextrose-tartaric acid agar 

VIA C OTIC DISEASES OF THE SKIN 

ilv cotie diseases of the skin mav be divided into two groups (]) Tliose 
"liKii produce an inflnuniation due to the mvasion of the tissues and (2) those 
uhich produce uo true infection but nicreh a saproplivHc urovvth on the epuler- 
ims or Inirs ('Malasserm belongs to this group) The first group is known ns 
ti!' doniutopbA tes or derniopbAtcs 
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The deimopln*tes aie ehaiacteiizcd bj a blanched, septate invcelium, nsu- 
aUj piodueiug tno oi thiee toims of conidia in cidtiues, arthiospoies, aleiiri 
spoies and spindles (fnseaii) are pioduccd 

The Deinioplntes may be classified as follows 
A No comdia in eiiltuies, Eiidodeimopln ton 
B Couidia of one hind 

1 Conidia sinijile, globose to siifaglose 

a Conidia in clusteis, Malassezia 
b Conidia boinc at tip, Monto^ clla 
c Conidia boine on the walls oi sides, Pinojella 

2 Conidia fiisifoiin and septate, Epideiinophidon 
C Conidia of two kinds 

1 Aleuiispores and aithiospoies piesent, Trichophjton , 

2 Aleiiiispoies and spindles piesent, Miciospoion 

3 Aleiu ispoi OS, ai tin ospores and Inpae with dichotomous subglobose or 
club shaped apical blanches, Aehoiion 

The aboie genera aie snniniaiized below 

Monioyella The inembeis of this genus luce two kinds of imcelium, the one 
slendei, blanching and segmented, the othei bioader witli numeious mteicalaiv 
clilamydospoics Fiom the broader filaments aie home delicate lijiiliae, irliich 
terminate m globose and peai-hke conidia 

Pimydla Mieelial filaments and spoics in tlie lesions, and conidia-beaiing 
hlTihae in eiiltuies The spoies aie situated on the walls oi sides of the tubes 
No poiithecia oi asei piesent 

Malassezia In man nncclium broken into septate segments, with T-shaped 
01 budding e\tiemities The Inpliae beai round oi o\al conidia, which may be 
solitaii 01 in clusteis and mai be smooth or with ladial longitudinal or spiral 
maiks This 01 ganism has not been cultnated on aitifieial media (Pig 11) 

Epidomophyion kpcelial filaments and spoies piesent m the lesions and 
with pluriseptate spindles piesent in the eiiltuies, haiis oi haii follicles aie not 
attacked, glows m the supeificial laieis of the epideimis Spiial hjphae, which 
aie present in most species of Tiichopln'-ton, aie absent Theie aie no peiithecia 
01 asci present 

Miciospoion Membeis of this genus pioduce micelial filaments and spores 
in the lesions These spoies aie small, globose, and about 2 to 3 micious in 
diametei In eiiltuies In phae-beaiing sessile conidia and septate or nonseptate 
fiisifoim bodies may be seen Peiithccia and asci are absent 

Ti icJiophyton This genus is chaiacteiized by the foimation of veij' dis 
tinct aithrospoies in the nncelial filaments These are present in the lesions 
and in eiiltuies Theie aie no fusifoim bodies piesent (Pig 18) 

Achoiion Mjcelial filaments and spoies aie present in the lesions In cul- 
tuies, lijphae aie piesent, w'hicli bear conidia lateialp and at the tips Pusi- 
foim bodies aie also present in the cultures, these bodies aie m the foim of 
club-shaped teiminations of the filaments Asei and iieiitheeia not piesent 

Endode? mophytoii Tlie memheis of this genus gi ow betiveeii the siipei- 
ficial and deep layeis of the eiiideiniis Mjeelial filaments and spores are pies- 
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ent in the lesions Xo coniclia aie foimed in cultures Xo spindles perithecia 
or asci present To cultnate this fungus, treat the scales mth alcohol for five 
to ten minutes ivash vith sterile rvater and place one scale m each of several 
tubes of dextrose broth Giovth appears in about a veek In about three 
weeks the fungus may he transferred to dextrose agar slants 


CLASSIFICATION' OF FPXGI 

The classes of the subdivision Fungaceae which are of medical interest are 
the Phycomj cetes the Aseomveetes and the FnUgi imperfecti 

Tlie Phveomj-cetes produce a copious matted mycelium which is nonseptate, 
and reproduce asexuallv by means of sporangia borne on columnellae 

The subclass zi'gomvcetes reproduce either asexuallv (production of spo- 
langia) or by isogamy (two similar hut sexuallv different cells coniugate which 
on fusion form a z^gospo^e) 

This subclass is dmded into tw o orders Those wnth several asexual spores 
ow sporangia (I-Inoorales), and tkose xx\tl\ solitarv spores (Entomoplitliorales'l 
The order ilucorales contains the familv >Iucoraceae In this familv are 
three genera ilucor, without rhizoids, Khizomueor writh rhizoids and un- 
hranched aerial hvphae and Rhizomucor, with rhizoids and ramified mi celium 
The class Aseomveetes contains the following genera Saccharomvees 
spores smooth spore membrane single , copulatn e process absent , rudimentarv 
mveehum present with transverse septation, alcoholic fermentation produced 
Endomvees, micebum well developed, ramified or not simple or septate, bud- 
ding cells present , asci four spored 
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A !Micelium nhite or bright colored, comdia 1 celled hvahne or bright colored, globose 
to o\oid or CTlindne 

1 ITvphae veri short or obsolete, or little different from the conidia 

T Conidia in chains produced bv blastospores arising on the hvphae, globose or 
elliptic, hvphae branched AIOXILIA 

b Conidia in chains, produced b% artho'^ores, o'oid to elliptic, hc-phac branched 




2 Hiphne elongate and distinct from the conidia 
I Conidn borne in heads 

(1) Conidiophores inflated at apc\, conidia m chains at the tip, globose to 

ellipsoid A&PEPGILLUS 

(2) Conidiophores not or but sli(_htl\, inflated, conidia not in mucus, globoid, 

in whorls at the tip -nhorls unequal PEXICLLL.IOI 

1) Conidia borne more or less irrcgularh on simple or branched but not inflated or 
whorled haphae, conidia smooth or «carcel\ roughened 

(1) Conidia borne on the walls or sides of the m\ celium, conidiophores simple or 

ncarh so, conidia globose to ellipsoid ACLADIUAI 

(2) Conidia borne at the tip and side- of the matelium conidiophores aagueU 
bmndicd md of one kind, conidia globose to ellipsoid ''POPOTPICHUM 

! Macelium dark or sm„he 

1 Conidia 1 (cllcd .lark or sometimes li\ aline but the hapha. then darl globose to 
iddnng ’ 

0 Hapha. aira short or -enrcilv different from tin .onidia (onidial chains br< al 
inguprcadila TOPE L A 

b Haphao manif. -t an.l .Iistmit troiii tie conidia 
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(1) Conidia in chains on the branches, o\oul or globose, conidiophoies erect, 
dcndnticdlj br inched and septate, not spir ilh twisted IIOBMODENDRUM 

(2) Conidia not in chains 

(a ) Conidiophorcs branched, all hephae more or less creeping, conidia smooth 
and sessile TRICHOSPORUM 

(b ) Conidiophorcs swollen at tip, conidio 4 S superimposed, warted 

HEMISPORA 

(c ) Conidiophorcs not swollen at tip 

\ Conidia solitary, smooth, on short lateral branches, hjphae forming a 
crust GLENOSPOR A 

1 Conidia sohtan, smooth, terminal, sterile hjphac present, without 
bustles ACREMONIELLA 

2 Conidia 2 celled, conidiophorcs definitely difTercntiatcd, conidia not in terminal 

heads, conidia in chains and of one hind, hjphnc not inflated CL ADOSPORIUJl 

3 Conidia niani celled, with both longitudinal and trnnsicrse septa ALTERNARIA 

111 conclusion tlie leadei is zefciied to tlie iioiks oi Heiuici, Clements and 
Shear, Briimjit, Saitoij and Castellani foi nioic c\tensi\e infoiniation 

RcrcRLNcn 

1 Cornblcet, T A Reagent for Demonstrating Piingi in Shin Scrapings and Hair, 
JAMA 95 1743, 1030 


BACTERIOLOGY OF PUS*' 


Bt John P Norton, Ph D , Detroit, Mich 

"pUS IS formed as the lesvilt ot an accumulation of leiicocjtes, laigelj the 
neutrophils, it Inch have migiated fiom the blood Aessels into nutated tissue 
Neciosis and liquefaction of the cells nsuallv follows A positive ehemotactic 
action IS lesponsible foi the accumulation of leucoevtes This chemotaxis is 
due to the piesence of eellulai constituents, possibh piotem in nature, which 
have been set free bj inpued cells Tlicse niaj be the fixed tissue cells of the 
body 01 maj be of niiciobic oiigin Pus does not theiefoie, neeessaiily’ contain 
hacteiia hut in an ovei w helming piopoition of instances in which this mateiial 
IS sent to the laboiatory foi examination, bacteria of some laiiety aie found 
It may howevci be difficult to demoiistiate the piesence of bacteiia m pus fiom 
the cases of ceitaiii diseases aftei therapeutic measures have been instituted 
The vaiiety of bacteiia encounteied in pus, is gieat Indeed, a complete 
discussion w'ould entail the pieparation of a textbook on pathogenic bacteiia 
It is, therefoie, possible to gne here only an outline of methods in most common 
use, and to refei to the microorganisms most geneiallj encounteied Regaidless 
of the soiiiee of mateiial, whether fiom a running ear, a case of empyema, 
fiiruneiilosis, oi meningitis, certain definite proceduies can usually be followed 
wntli the introduction of propei variations dependent on the lesults obtained as 
the laboratoiy woiker pioceeds It is possible to give in this brief discussion, 
only the most outstanding cliaiaeteristics of the groups of bacteria referred to, 

' ^rom the Department of Health Citj of Detroit and the Laboratories ot the Herman 
Kiefer Hospital 
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these eharactensties being chosen because of their ^ahle to the clinical lab- 
oratorj For exact icleiitiacation of bacteiial species reference must he made 
to the literature 

The proper collection of material is essential for a satisfactors' laborators 
examination Skin contaminants must be ngidU excluded Too groat emphasis 
cannot be placed upon this point if the laborator\ worker is to gne the clinician 
a true picture of the bacteriologs of the material submitted 

The first step in laboratom examination of pus is under all conditions the 
prcpataiion aiid csanuuiifiou of a p)opc) smcoi on a microscope slide Care 
should be taken to make thin film preparations A stain according to Gram s 
method gixes the most laluable indication of an^ single stain but will not, of 
course, detect the tubercle bacillus Hence it is extremely desirable for the 
laboraton to be furnished with accurate information concerning the source of 
the material Various modifications of the original Gram method ha^c been 
introduced ^ Our experience has been that careful attention to the details of 
the technic is fulh as laluable m melding consistent results as an% modification 
of the solutions emploxed This is partieularlv true m legard to the alcohol 
(or acetone) decolorization In “old” pus the Gram stain mai be uncertain In 
man} laboratories the methi lene blue stain is used for the deteetion of gonococci 
VThile this is reasonable under special conditions where the clinician and the 
laboraton* work m close cooperation it is not to be recommended Furthermore 
it IS highly desirable to make a Gram stain if organisms resembling the gonococci 
are seen in the mateiial submitted so little is gained by tbc use of methylene 
blue For pus from tubercular conditions, the Zielil-Xeelsen method, or some 
of its modifications is in general use The metb} lene blue stain mav be used for 
detecting organisms resembling diphtheria bacilli xrhile either methylene blue 
or gentian molet arc useful for staining the spirochetes and fusiform bacilli 
characteristic of Vincent’s infection 

It is undesirable that a laboratory report based upon the microscopic ex- 
amination of a direct smear should record the name of the suspected organism 
A possible exception to this is in the examination for tubercle bacilh and here 
the exception can be made onlv m material which is not likely to contain other 
“aeid resisting” organisms Fndoubtedlv, m manv instances the name of a 
bacterium recorded on a labovatorx report as a result of direct examination is 
correct, as for example m laginal or urethral smears in gonorrhea, in spmal 
fluid pus in ppidenue meningitis m staphvioeoccus infections, and in Vincent’s 
angina However so man\ exceptions occur that such reports can be regarded 
onlv as prehminam and unscientific Organisms of the X catarrliahs group 
mai be present in supposedh gonorrheal pus or gonococci or X catarrhabs 
might be the cause of meningitis, although it must be admitted that this difficulty 
rare!} occurs 

It IS sometimes claimed that the pneumococcus mac be distinguished from 
Streptococcus vindans by direct examination VTe do not bebeve that this can 
be done Indeed it sboidcl neiei be attempted The streptococci are hio-ldy 
pleomorplue and oftentimes closeh resemble the tc-pieal lanceolate pneumocoe'ens 
' ith the present possible use of antipneumoeoceic serums in Tvpe I and II m 
fectmns it is all the more neeessarx not to hazard a guess on the basis of micro'- 
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scopic appeal ance Moipliologic Aariations iii bacteiial species liave been defi- 
nitely established Eesulence in bod-\ tissue, Ining or neciotic, niaj accentuate 
these changes In a faiilv laige seiios of cases of influenyal meningitis that liace 
come to oui attention, the oiganisnis usually appealed in the spinal fluid as 
tiny gram-negatn e diplococei u itli only an occasional i od In a few instances, 
rods predominated and in one ease suoJIen cocci and rods ueie found The 
laboiator3' should lepoit the lesult of the Giain stain as quickly as possible, 
togethei inth a statement concerning the appeaianee of the oiganisms found 
In mam cases this desciiption uill be sufficient foi the puiposes of the clinician 
Satisfactoi y ideviificafion of bacteria found in pus, can be made onh as 
the lesult of biocliemieal and seiologic studies The isolation of the oiganism 
in pine culture is of couise, the fiist necessity The eultuie inediiim of choice 
unll depend to some extent on niieioscopic findings It is impossible to pick one 
formula fiom the mam hundieds available foi media, and lecoininend it as the 
best under all ciicumstances Foi all aiound voik, except in eiiltnmting tnbeicle 
bacilli and anaerobes, a meat infusion peptone agar containing one-half to one 
pel cent of dextiose cuth a icaction of Ph 7 6 and containing about 5 per cent 
of dcfibrinated blood (the souiee of blood is in most instances immaterial) is to 
be lecommended This medium, in Petii dishes, mil gion all the oidinarj 
pathogenic bacteiia encounteied in pus except as lust noted Better results 
aie probablj obtained if hoimone bioth is used as the basis of the medium but 
our expeiience has been that the extia -work invohed is not pistified bv the re- 
sults The lueduini is the one commonly lecommended foi eulturing of menin- 
gococci fiom the thioat Oui expeiience has been that it is excellent foi the isola- 
tion of gonococci and that H influenzae and H pcitussis, uhile not develoinng 
so lapidh as on some othei media, can be giomi satisfaetoriJi The main dis- 
advantage of the medium is that some strains ot stieptoeoeci fail to shov as 
early hemol3sis as vhen a nioie acid medium is used If, tlieiefoie, the labora- 
tory vorker is eeitain that he is dealing mth the stieptococcus-jineumococcus 
gioup, the ordinaii blood agai medium (Pn 6 8 ) giies eailici difteientiation 
While ceitain diffeieutiations can be made b3 the use of the oidinai3 so- 
called plain agai medium, such as betveen N cataiihalis and the phar3ngis 
siccus group from the gonococcus and the meningococcus, other media aie of 
fai more use in the clinical laboiatoi3 tWiere mateiial is fiom such a source 
that it IS unlikel3 to contain more than one oiganism, semisolid agai mil gne 
excellent results It does not howevei, give au3 species difteientiation such as 
IS possible b3 the use of the blood agai plate above deseiibed Mam othei special 
media are in use Tiibeiele bacilli nia3' be gi omi on a vaiieti of media MHien 
the oiganisms ha\e been found in the diiect raicioseopic examination, cultivation 
IS not usuall 3 ’- necessai 3 ’' luiless it is desired to make a complete bacteriologic 
stud3^ of the case It ^eiy frequenth^ happens houeiei, that the number of 
tubeicle bacilli piesent in the mateiial is so small that they cannot be found in 
the diiect smeai "Wlieie theie is aii5’- suspicion tliat these organisms nnght be 
present eithei guinea jiig inoculation or cultimng should be lesoited to Again 
the medium to be used mil depend someiiliat upon the expeiience and ideas of 
the laboiatoiy woikei Coiper’s medium, Peti off’s medium Petragagin’s me- 
dium, Sweeney’s medium and othei & ha^e been found useful In our opinion. 
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the piepaiation o£ the spociiuen is of equal importance \Mth the medium Other 
bacteria must be elimiuatcd picfcrabh bv the use o£ acid (specimen and 3 per 
cent Indroehloiic acid m equal columes has pro\ed successful m our hands), 
and more than one tube must be inoculated If the {riiinea pig method is used, 
not less than tu o pigs are required 

Esen if no bacteria are Msiblc in the direct microscopic examination it is 
still necessary to culture the pus Either the blood agar plate aboie described 
infusion broth or a semisobd medium mac be used Anaerobic methods should 
also be emploc ed if gangrene or tetanus is suspected Brain broth or deep 
glucose agar are excellent general media for auaeiobic v.ork A great carictc of 
media are recommended to coiei special circumstances" All cultures should be 
incubated for not less than four da\s pronded no growth appears within that 
time j\Iam mistakes are made in the identification of bacteria be the use of 
insufficient incubation periods This is particularU true in testing the fermenta- 
tion reactions of puie cultures Delaccd fermentation of carbolic drates as cvell 
as delaced reaction in milk arc more cominonlc encountered than is sometimes 
supposed 

As indicated above it will be possible to mention onlc the most commonly 
encounteied pathogenic bacteria and to gice only brief descriptions of the vari- 
ous species It is hoped to make these descriptions sufficiently adequate to cover 
the needs of most cbmeal laboratories Thee are, of course epute insufficient for 
scientific purposes or for detailed stude of clinical eases It is to be regretted 
that in so many instances clinical necessity is a bar to accurate scientific work, 
but it must be admitted that cvith feev exceptions detailed laboiatorc- examina- 
tions of bacterial cultures from pus do not gne the clinician a better basis for 
therapeutic measures than a less detailed study There are, howeser some ex- 
ceptions to this point of view An attempt has been made to list in connection 
with the brief descriptions of bacteria, the source of material most commonly 
yielding the species described It should be emphasized that the statements that 
follow refer only to pus 

The staphtjlocorci are more frequently found in pus than any other group 
of bacteria Among these, Staphylococcus aureus predominates This is a 
gram-positne organism appearing in characteristic clusters on the microscopic 
slide Irregular forms are sometimes encountered in pus The organisms grow 
readih on aU the common culture media and produce a golden yellow pigment 
Dextrose is alwaxs fermented xvitli production of acid but no gas Maltose, 
saccharose, and lactose are usualh attacked Acid is produced in milk Gelatin 
IS usually liquefied On blood agar many strains gii e a clear zone of hemolvsis 
ImmunologicaUy, the group is heterogeneous Xo group of bacteria with the 
possible exception of the streptococci is found in so many pathologic conditions 
in which pus is present Skin conditions of great variety, including furunculosis 
and impetigo, subcutaneous abscesses, abscesses of various internal organisms 
middle ear infections osteomvebtis and meningitis are examples Tbex also 
eommonlx oecnr in mixed infections 


Sfrepiococci are nearly as frequently encountered in pus as are staphxdo- 
e^ocei They are gram-positive organisms occurring in pairs or chains nsnaUv 
nearh spherical but not infrequently elongated Certain strains have been 
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shoMU to be biglily pleomoiplnc ■* This gioup of bacteiia are most casil3 isolated 
on blood agai Vaiions degiees of bemohtic actnitj are obsei\ed on this nie- 
diiiin ’’ For practical piiiposes tno tipes must be noted, tliose that produce a 
deal zone and those that piodiicc a gieen coloiation Pei mentation leactions 
aie quite laiied De\tiose is alnajs feiniented most human tjpes ferment 
lactose, nhile vaiious icaetions aie obtained 111111 mannite, iniihn, and othei 
caibohj diates Gelatin is not usuallj liquefied Am classification on the basis 
of fei mentation leactions is of little clinical significance 

The Jiemolyiic si) cpiococci aie the moie impoitant ot the two gioups as 
difteientiated on blood agar, because of then gicatei pathogenic poiier No 
piactical laboiatoii tests haie been deiised foi distinguisbing the larieties of 
these liemoldic oiganisms in 1 elation to then specific pathogenicity, although 
Ilians attempts have been made to do so Neitliei seiologic'' ' ® including 
agglutination eoinplcincnt fixation 01 opsonic, leactions 1101 ciiltuiaP tests 
hace pioved of xalue This gioup is tonnd iicqncntlj in abscesses occiuiing as 
complications ot scailet feiei 01 othei stieptococciis infectious, in eai nifectioiis 
in meningitis in bone infections, 111 tonsillar abscesses, 111 empjema, etc The 
“gieen piodueing” stieptoeocci aie Jess fiequentli encounteied TJiese oigan- 
isms must be diffeientiatcd f 10111 the pneumococci (see belou) 

Pneumococci aie freqiicnth jnesent in pus These aie gi ani-positii e cocci 
iisualh seen in pans but sometimes in short chains The tjpical cells aie 
elongated It should be noted honeiei, that in the examination of mateiial from 
the bodi, atypical nioiphologic foims aic moie Jikelj to be seen than the tj-pical 
£01 ms obseixed in puie cultuies Indeed, this is tiue of all xaiieties of bacteiia 
Pneumococci aic easily isolated by mouse moeiilation, in Axen ’s bioth 01 on 
blood agai and pioduce a gieen coloration The biochemical reactions aie similai 
to those of the stieptococci and are of little laJue ui the clinical laboiatoii The 
ditfeientiation between a pneumococcus and the “gieen pioducing” strepto- 
coccus IS important In oui opinion, neither colonj chaiacteiistics nor moi- 
pbology are sufficient foi this purpose The use of the agglutination oi piecipitin 
test combined iiitli soliibilitj m bile, aie lequiied Sohibilitj in bile is the gen- 
eiallj lecognized ciiteiioii foi the sepaiation of pueiiniococci and stieptococci 
Hoiiex'er, i\e haie isolated oiganisnis of the pneumococcus streptococcus gioup 
that are agglutinated bi a pneumococcus ti pe sci urn but failed to dissoh e in bile 
Poi this leason, 1 chance should not be placed solelj on the bile test Pneumo- 
cocci are encounteied in inis fioni ear infections, from meningitis, fiom peri- 
tonitis, 111 lung abscesses, etc The tipping of pneuinococei max be impoitant in 
cases yliere the clinician desiies to use specific antipneumocoecic seium 

Meningococci maj be found in pus piesciit in the spinal canal They ma3 
also be present in the iiasophaimx and the blood, but a discussion of these pos- 
sibilities IS outside the piovince of this papei The meningococci aie giam-nega- 
tix'e biscuit shaped diplococei 'Wliile the3 are repoited to be chaiacteiisticall3 
found in the leueoe3i;es then piesenee outside of these cells should not be dis- 
legaided Indeed, the extiacellulai position is chaiacteiistie of material from 
fulminating eases Isolation max be made on the special blood agai medium 
aliead3^ described 01 in semisolid agai It is impoitant to uork uitli a fresh 
speeiinen Isolation aftei intiaspinal injection of antiineningococcie seium is 
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difiicnlt, although a stained preparation ina\ rc\eal tlie organisms Meningo- 
cocci ferment dextrose and maltose Fermentation reactions ma^ he used to 
differentiate from other morphologicalh similar gram-negatnc cocci For prac- 
tical purposes ho\\c\er identification of the meningococci can he more qiiichh 
made bA the use of a poh-Aalcnt antiserum Tiicrapciitic serums A\ith a rcla- 
tneh high agglutinin titer inaA he used for this purpose but it should he noted 
that odd strains are sometimes eneountered There is no practical Aalue in 
grouping the meningococci at the present time but this statement maA" not hold 
Avhen more knoAA ledge is obtained concerning specific therapeutic serums 

Pus containing gonococci comes as a rule, cither from the genital tract or 
the eves The organisms are infrccpienth encountered m spinal and other bodv 
fluids or organs Thev are biscuit shaped, gram-negatiA e, usualh intracellular, 
and cannot be distinguished AAith certaintj on pureh morphologic grounds from 
other gram-uegatiA e diploeocci HoAicAcr if the microscopic laboratory findings 
correlate with those of the clinician, it is umiecessarv to proceed A\ith further 
identification In certain cases complete laboratorj identification ma} be ev- 
tremelv desirable A great variety of media liaAc been suggested for isolation 
of the gonococcus The medium should be slighth alkaline and contain body 
fluids such as ascites, blood serum, or defibnnated blood 3Ve haAC found the 
blood agar used for meningococcus Avork to be quite satisfactory Gonococci 
feiment destiose, but not maltose The colonj appearance on blood agar plates 
series to differentiate them from many of the gram-negatiA e diploeocci In 
order to obtain a successful isolation, fresh maternal must be used 

N cafatrhahs and ilie cluomogcmc diploeocci are common inhabitants of 
the upper respiratory tract Thev are infrequently assoeiated Anth pyogenic 
conditions M catarrhabs can be distinguished from the meiungoeocci by its 
abihty to grow on an ordinary plain agar medium and its inability to ferment 
carbohydrates The chromogenic diploeocci such as X pharvngitidis sicci have 
stronger fermenting poAvers than the meningococci or gonococci The extent to 
Avlneh the members of these tAvo groups of organisms are concerned Avith patho- 
gemc processes is problematical 

Members of the colon typhoid gioiip are sometimes found in pus B cob 
being the most frequently eneountered As a group, they are relatively easy to 
identify The grara-negatiye rods groA\ on plain agar and on yanous special 
media such as that deAused by Bndo Gelatin is not liquefied Fermenting prop- 
erties A ary Members of the colon subgroup produce acid and gas from dextrose 
and lactose and sometimes from saccharose , the salmonella or paratyphoid group 
ferment dextrose enth acid and gas production, but not lactose, the typhoid 
dysentery group ferment dextrose Avith the production of acid only Colonies of 
B coll of intestinal origin have a characteristic appearance on such media as 
Endo and eosin methc lene blue The other subgroups giye a bluish Avhite colony 
The group as a Avhole is too A\ell-knoAAn to require description here particularly 
as the paratA-phoid and typhoid subgroups are mfrequently found in pus Where 
possible, serologic identification should be made including agglutinin absorption 
tests in the sabnonella group This last includes quite a lariety of bacterial 

''•peeies and many groups Avhen studied on the basis of cultural* and serolo^e 
properties 
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The Pioieits gioup js sometimes found in minan pus These oiganisms 
may also be associated AMth pAogenic piocesses othei tlian those found in tlie 
lUinaiA^ tiact eithei in assoeiation uitli othei oiganisms oi as the sujiposed 
etiologic faetoi Tlie oiganisms aie giani-negatn e pleomorpliic bacilli usualh^ 
motile and do not ferment lactose but pioduce acid and gas fioin dextiose and 
saccharose IMost of them liquefj gelatin iSeiologicalh, the proteus group is 
hetciogeneous 

Considerable inteiest has been aioused duiing the past tittcen Acais oaci 
the disease known as iidaicmui It is piobable that the fiist human cases weie 
eye infections lepoifcd by When a and Lamb^- B tulaicnse is latliei diiiieult 
to grow, lequiiing citliei a medium containing egg a oik oi blood oi blood serum 
picferablj in the piesence of tissue, such caibohj^diates as glucose, Iciulose 
mannose, and gljcerin feinicntiiig with the pioduction of acid Final identi- 
fication should be made bj means oi the agglutination reaction 

Bacillus pyocijaneus is found in socalled “blue pus’’ paiticulailj' horn 
suigical dressings Its vnulcnce tow aid man is lelatisch low apparently be- 
ing somewhat gieatei foi childien than foi adults The bacillus is gram-nega- 
tive, activelj motile, glows well on plain agai, pioduces little oi no acid from 
dextiose, liquefies gelatin and digests milk It pioduces a blue-green pigment 
and a hsin tow aid led blood cells It has been leported as one of the causes 
of middle eai intectioiis and meningitis 

The Fi icdlandei bacilli, while closch lesembling B aeiogenes m cultural 
leactions can be distinguished bi’’ then inoipliologi , by the piesence of cap- 
sules and the mucoid growth on an agar medium The oiganism is more fre- 
quently found in pus fiom upper lespiiaton tiact infections than fiom any 
other tA'pe of disease although thei have been lepoited in empsema, meningitis, 
cystitis, etc 

Oiganisms of the diphthena gioiip and the diphtlieioids me ratliei fre- 
quently encounteied in pus Howeicr, they a2ipeai to be most often pieseiit as 
secondaij iniadeis In the lattei case, cither the diiihtheioids oi the veiv short 
bipolar staining oiganisms (similai to Wilson’s Tipe D) are iiioie likeh to be 
found than are the moiphologie tjqies usualh* associated with diphtheiitic in- 
fections (Wilson’s Tjqie C) Oiganisms of the diphtheiia group present as 
seeondan^ immdeis aie usually aAiiuIeiit but there aie exceptions to this state- 
ment Then occiiiienee as the primary cause of pus producing infections can- 
not be lost sight of Eais, thus infected and draining, mar seii^e as foci foi 
dissemination of the disease Pleoinorphism in the diphtheria gioup is too com- 
plex a subject to discuss heie Biochemicalh', the strains encounteied are not 
paiticularlj active The true diphtlieria bacillus iiiodiices acid from dextrose, 
galactose, and levulose and either no reaction or a small amount of alkali iii 
milk The pseiidodiphtheria bacilli have a vaiiety of bioelieinieal reactions but 
in general the ditfeiences from the toxin producing oiganism are lelatn^ely small 

In eiiltuiing pus, the possible piesence of anaeiobcs must not be oi'ei looked 
The tetanus bacillus is an example In most instances lelatii'ch simple anaeiobic 
methods are just as effectn^e as are the moie complicated ones Gioirtli wull 
usually occur in a deep glucose agai shake ciiltuie oi eien in flasks containing 
broth Piobablj" the best medium for general use is one containing tissue, prefer- 
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abh brain B tetanac belongs to tlie gionp o£ anaciobes nliich do not attack 
carboln drates Gelatin and coagulated protein such as blood sciuni, arc nsnalh 
sloMh liquefied A soluble toxin o£ high potenc% toward guinea pigs nia\ be 
produced Spores arc foinied nsnalh near one end of a cell giMng a t-vpieal 
appearance lesembling dumb bells 

The aboie mentioned gionps of bacteria represent those most frequently 
encountered in clinical laboraton work but as stated earlier m tins paper most 
am pathogenic bacterium ma^ be found m pus Attention should be called to 
tbe hemophilic pasteuiella and lactobacillus groups Xo mention has been made 
of material from pustules such as those found in smallpox The possible pres- 
ence of a filterable nins as the etiologic factor must alwais be considered c\en 
if known bacterial forms are present Such pus, lioweier rarclv finds its waj 
to the clinical laboraton peihaps not as often as it should At any rate the 
laboratorc \vorker examining pus should not base anx preconceived notions as 
to what he will find ^Iixed cultures occur frequently and it is sometimes diffi- 
cult to determine whether the localized infection is due to a mixture or to onh- 
one of the bacteria isolated Ex cn detailed studies do not alxvax s lead to a satis- 
faetorv conclusion coneeriung tbe etiologic agent 
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BACTERIOLOGIC EXAMINATION OF BLOOD AND SPINAL FLUID® 


B\ AVevdell J Stainsb\, D , \xi) Edith E NicnoiiLS, ]\I D , New York 


^ j 'HE pioblems of the elmical baetciiologist lin\e beeu complicated m recent 
A 3 ears bv the intioduction of a gient vaiietj^ of methods and mednnns Re- 
seaich has also tended to shahe oui faith m the fixiti of bacteiiologic tj'pes and 
suggests that the life ejcle of mieiooigarusms is not as simple as preiiouslj 
supposed Regal dless of these uneeitaiiities the clinician is depending moie 
and moic on laboiatoii findings A discussion of practical bactei lologie methods 
foi the examination of blood and spinal fiuid is heie piesented 


BLOOD 


Collection of Speiimen — The sample is iisualh obtained from a sein at 
the bend of the elbow bs means of a siringe and needle oi such special 
appaiatus as the Keidel vacuum tube The lattei method is especiallj^ useful 
for the priiate practitioiiei who does not haie adequate facilities foi steribzing 
apparatus and where the trauspoitation of the specimen b^ mail oi messeugei 
IS necessaiy Foi the hospital laboiatoi^, howeicr, the sjiiiige and needle 
method is piefciable 

The skin of the patient is stciilized witli two coats of tinctme of iodine and 
one coat of 95 pei cent alcohol Each coat of iodine should be peimitted to 
drj' befoie the application of the next coat 

Stciilization of Synnges and Needles — As the steiilization and caie of 
sjrmges and needles aie usualh inadequate the following satisfaetoij' method is 
given in detail 

The bail el of the sjiinge, the piston and two needles aie each placed in a 
pyrex glass tube closed at one end and open at the othei The tubes should be 
just large enough foi the paits to be lemoied easilj , foi the laigei syringes, 
they will have to be especiallj made Cotton is placed in the bottom of each 
tube to pieieut bieakage, and aftei the paits haie been inseited the open ends 
are stoppeied with cotton plugs Tlie tubes aie then tied togetliei, wrapped in 
paper and retied, and sterilized in the dij* steiilizei at 150° C for two horns 
At the bedside, the instrument can be assembled easilj with little iisk of 
contamination The cotton stoppei in the tube containing the piston is fiist 
removed and if the latter has been encased pi operlj , the head w ill easilj' slip 
into the hand The stopper of the tube containing the ban el is next removed, 
the piston is slipped into the band and the two withdiawn together In the 
same manner a needle can be attached to the tip of the siiinge and after tight- 
ening the needle it is ready foi use If foi am leason the blood cannot be 
taken immediately, the sjuinge can be replaced in one of tlie tubes with a mini- 
mal risk of contamination Aftei the blood has been taken the s^winge and 
needle should be washed in watei before clotting of the residual blood takes 


♦From the Second (Coinell) Medical Dnislon and the Pathological Laboratories of Be!le\-ue 
Hospital, the Cornell Clinic and the Department of Xfedlclne Cornell UnOersitj Medical College 
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place Dning is qinckh accoinphsliecl with alcohol and ether The needle 
should be sharpened and tested for flaws Aftei determining that springe and 
needles arc in perfect condition thei ina\ he lew rapped and stenlired 

There are seieral adiantages in tin-, method (a) The si ringes and needles 
arc actiialli sterile and dri (Boiling for fifteen minutes or longer will not kill 
some contaminants ) (b) Thei can be rcadilv transported in the sterile state 

(c) Thev inll remain sterile indefiniteh and will alwais be on hand for imme- 
diate use (d) The possibility of contaminating the apparatus at the bedside is 
reduced to a minimum \e) Both s^ ringes and needles prepared in this way 
will outlive maiiv times similar equipment snbiected to frequent boiling 

Eouiinc Cnlinics — Two mediums of special importance for routine cultur- 
ing of blood arc beef heart infusion broth and beef heart infusion agar The 
details of their preparation are giien in the article on the “Technic for the Iso- 
lation of Streptococci ” The broth is made up in bottles or flasks each contain- 
ing about 50 cc The agar medium is comeniently placed in test tubes 9 cc 
to each tube Prior to use the agai is heated in a water-bath until melted and 
allowed to cool in the air to about 40° C , 1 cc of the patient’s blood is then 
added whirled until mixed, and poured into Petri dishes The blood agar plate 
has several adiantages It giies a quantitatiie estimate of the number of bac- 
teria m the circulating blood Also it frequenth permits an early laboratory 
diagnosis It is always well to make a culture in nutrient broth as organisms 
that do not appear on the plates occasionally grow in this medium In both 
cases, the amount of blood compared to the amount of medium should not ex- 
ceed the ratio of 1 to 10 The optimum temperature for growth is 37° C and 
the h^ drogen ion concentration is slightly alkaline with a Ph of 7 4 to 7 6 It is 
usuallv advisable to incubate some of the cultures under anaerobic or partially 
anaerobic conditions as certain bacteria grow more luxuriantly m the absence of 
oxygen 

The blood agar plates and blood broth tubes should be observed daily for 
endenees of growth As soon as the blood broth becomes cloudv smears stained 
by Gram’s method or wnth methylene blue should be made as well as subcultures 
on blood agar plates and in blood broth tubes Blood cultures should be ob- 
sened for at least ten dais and preferably fifteen to thirtv clavs before being 
considered negative There is a marked tendenev to discard cultures at too 
carh a date 

Giam-posifive Cocci — Staphvlococci grow readilv m all the usual labora- 
torv mediums but for purposes of study, culturing on blood agar pour plates 
and in blood broth are the most satisfactorv In examining cultures attention 
should be given to their bemoly zing properties and their abilitv to produce pig- 
ment on solid mediums Staphvlococci especiallv of the white sanetv are occa- 
sionally seen as contaminants in blood culture work and a few colonies present 
on one plate and absent on others should make one suspicious of contamination 
Staplnloeocci are identified by the characteristic appearance of their colonies 
on blood agar plates, by the fact that thev are gram-positive and by their tend- 
cnci to form clumps instead of chains Examination of smears for'morpholo'uc 
e laracteristies should be made from cultures m liquid mediums 
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Stieptococci maa be leeoaeietl m blood cultoios flora patients siiifeiiiig 
flora a gieat dneisitj of diseased conditions From foci of infection in the skin 
tonsils, teeth, sinuses, and tlie middle eai oi fioin infected nounds, stieptoeoeci 
maj imade the blood stieam, piodiicing a rapidly fatal septicemia, oi chronic 
conditions, such as plemisi, peiicaiditis, endocaiditis, or arthiitis Primari 
cultures of streptococci gion delicateh on aitificial raediuras and coiisideiable 
care must be exeieised both in obtaining them and in keeping them alne The 
impoitance of obsening blood cultiiies m liquid mediums oiei a long peiiod is 
indieated by the positne lesults that haie been lepoited aftei an incubation 
peiiod of thiitj dajs oi more Sticptoeocci aie difteientiated tiom staphj lococci 
hi then chaiactciistic gronth in blood agai pour plates and then tendenci to 
foiiu long 01 shoit chains Gencialh the indiMdual cocci are smallei in strepto- 
coccal than in staphvloeoeeal cultures 

Pneuraoeocei aie present in the pciipheial blood of a laigc pioportion of 
patients nith lobai pneunionia and in the blood of some nitli bionchopneumonia 
Positive cultuies of this organism aie sometimes obtained in complications of 
pneumonia, such as erapieina, meningitis, mastoiditis, endocarditis, and peii- 
carditis The pneumococcus giows delicateh in piiranii cultuies but readih 
adapts itself to artificial mediums Cultuies aie made in nutiient bioth and in 
blood agai pom plates Pneumococci aie ditteientiated fioni stieptococci bj 
the bile solubility tost, the foimci being bile soluble and the latter, bile insoluble 

Giam-iicgatwe Coca — Both the gonococcus and the meningococcus aie 
occasional!} recoi ei ed fi om blood cultiii es Goiioi rhea is sometimes complicated 
with septicemia and endocaiditis, and m such eases the gonococcus is usuall} 
leeoveiable from the peripheral eiiculation In like maiinei, the meningococcus, 
m cases of ceiebiospmal feyei, sometimes iiuades the blood stream A meningo- 
coccal bacteremia is also possible without symptoms of meningitis 

Both oiganisms aie quite fastidious in then mitiitnc lequiiement and 
gioyi pooily, 01 not at all, in tlie usual laboratoi} mediums, those containing 
albuminous material seem to be necessaiy for then successful cultiyation Beef 
heart infusion agar, oi “hoiiuonc” agai to nliich hvdioeelc oi ascitic fluid has 
been added, m the piopoition of two paits of agar to one pait of fluid is a yery 
satisfactoi y medium Poui plates containing 9 c c of medium foi each cubic 
centimetei of blood gne the best lesults In cultuiing meningococci in agar 
medium it is important that the agai be cooled to at least 40° C befoie adding 
the blood, as memngocoeci aie killed at 41° C Both meningoeoeci and gono- 
cocci are y^eiy' sensitive to loss of moistiue If the yyatei of eoiidensation is not 
present, the cultuies may'' be placed in a closed jai containing moist cotton oi 
filter paper Gonococci, in addition, may' be cultuied m beef heait infusion broth 
containing hydrocele or ascitic fluid in similai piopoitions The optimum incu- 
bation temperature for the gram-negative cocci is about 37° C Differentiation 
of meningococci and gonococci is discussed in the section on spinal fluids 

Typhoid-Colon Gionj ) — The most fay'orable time foi malnng blood cul- 
tures on patients y\ith tjphoid feyer is during the fiist ueek of the disease 
While the ty'phoid bacillus gions leadily in nutrient broth, provided the Ph is 
from 6 8 to 7 0, the most satisfactoiy medium is o\ bile, cither alone or contain- 
ing a small amount of glyceiiii and peptone Test tubes containing fiom 7 to 
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10 cc of this medium arc made up and autoehncd It is adMsable to add the 
blood in amounts Aar\ing from 0 5 to 3 c t to se\eral tubes of bile medium The 
cultures are incubated at 37° C and subculturcd eicrv tncnti-four hours on 
lactose litmus agar or Endo’s medium Positiie results are usiiallj obtained in 
seeentA-tAio hours but niaA be tlela\cd as long as fi\c or sin daes Organisms 
of tins group aie identified bj their cultural eharacteiisties, In their fermenta- 
tive aetnities, and be agglutination tests 

It IS comenient in pm ate practice to place the bile in sterile \accine bottles 
into ivhich the patient ’s blood is in 3 eeted In tins nai specimens can be readily 
transported to the laboratory 

Influenza Gwnp — The difficulties experienced by pioneer workers in isolat- 
ing organisms of this gioup hare been lessened bj more efficient methods of cul- 
tnation fomtable mediums consist of beef heart infusion broth or agar con- 
taining blood subjected to tn-ptie or peptic digestion Chocolate agar, prepared 
bj adding defibrinated blood to agar medium iihich has been heated to 100° C 
IS of value 

The mfluenza bacilli arc stneth aerobic shallow laieis must, therefore, be 
employed m liciuid medium If a solid medium is used, the blood should be 
smeared liglitlv oier the surface Colonies of these organisms appear as circular, 
colorless, translucent discs, w ith sharp edges and fine granulations in the center 
The organisms die easih — ^rareh can thev be kept longer than ten davs On 
smears the organisms appear as minute coceobacilli measuring from 0 2 to 0 8 g, 
are giam-negatne and stain faintly, on ordinary agai thev grow as vem* small 
pinpomt colomes bareh nsible to the naked eye 

Bi iicella (?) oup — Members of this group mav be recoi ered from the periph- 
eral blood in a high percentage of cases of undulant feier The blood is best 
taken at the height of an exacerbation, although organisms are occasionallv re- 
coiered during afebnle periods It mav be inoculated in either bquid or solid 
mediums The orgamsms ivill grow in simple nutrient broth, provided the blood 
is in the proportion of at least one volume of blood to eight of medium 
Trypsinized broth and bier infusion broth (Stafseth’s broth) have been em- 
ploj ed inth success "W itli hver infusion agar and glucose agar, which are some- 
times used, the blood is spread directlj on the surface of the plates The most 
faiorable temperature for incubation is 37° C and the organisms grow best 
m an alkaline medium with a Pn of 7 -4 Growth generallv appears in from 
three to four dai s but mav he delayed as long as tw o w eeks 

The Baeillus abortus of bovmfe or porcine origin generally requires an en- 
Auronment containing a high percentage of C O 2 for groAvth 

The laboratory diagnosis of Brucella infections is made by isolating the 
organisms from the blood hi demonstrating agglutinins m the patient’s serum 
and bj testing for skm sensitmty 


SPIXAU FLUID 

Collccfion of Bpcciinen — ^The spinal fluid mav be comementlv collected m 
centrifuge or test tubes Part of the material should be set aside for cell count 
chemical tests and complement fixation The material for culture especiallv 
■alien meningococci and gonococci are suspected should be kept at bodv tempera- 
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tuie by means of a yatci lacket and sent immediately to the laboratory for cul- 
tuiing Pait of the specimen maj be set aside foi guinea pig inoculation 

Mtcioscopic Exavmiaiion of Films — If tubeiciilous meningitis is suspected, 
pait of the fluid should be permitted to stand until a coagulum foims This 
fibiin clot IS then genth floated out on a slide, diied, fi\ed, stained accoiding to 
Ziehl-Neelsen technic, and examined loi tubeicle bacilli Gieat care must be 
exercised in yithdi awing the clot, as touclung it with a platinum loop usualh 
causes it to form a tough mass Examination of the pellicle is moie fieqiienth 
successful than examination of the ecntrifuged specimen 

The lemaindei of the spinal fluid is eentiifiiged foi one-half lioui The 
supernatant fluid is ponied off and smeais aie made of the sediment It is well 
to stain slides according to the Zichl-Neelsen tcchiiie, with Gram’s stain, and 
ivith inetbilene blue Fioin the snieai stained witli niethilene blue an estimate 
of the lelativc numbei of each tipe of leucocite can be made 
The following oiganisnis aic diffcientiated bj Giam’s stain 

1 Gram-positne sti eptoeocci, pneiuiiococci, stapln lococci 

2 Giam-iicgative nicningoeocei gonococci, Pfeiffei ’s bacilli 

If clinical findings aie taken into eonsideiation, a tentatne diagnosis can 
frequenth bo made fiom the examination of smeais In the case of finding 
tubeicle bacilli, the diagnosis is definite 

As the patient’s life iiiaj depend on the rapid diagnosis of meniiigoeoeei in 
the spinal fluid, it is alwa^s well to studx* the smears ici\ carefully ivhen gram- 
negatne cocci aie found Tlie textbook pictiiie of stained smeais of the cerebio 
spinal fluid showing laige uumbeis of kiclnei shaped cocci ai ranged m pairs 
with the indented surfaces opposed to one aiiothei is seldom seen in the clinical 
laboratoiy Tlieie is a gieat dneisitj* in the micioscopic appearance of films 
of the spinal fluid from patients with meningococcal meningitis The cocci ma> 
be few' or numeious, laigelj mtiacellulai or extiacelhilar They may be in 
pans 01 tetiads, but often are found siiigh It is inteiesting to note that ivlieii 
meningococci are found smglj thei aie usualh round oi elliptical, seldom giving 
the typical flat kidnei shape pictuie ‘When lapid diagnosis is lequested, a posi- 
tive lepoit for meningococci maj be made whenever giam-negative eoeei aie 
found in the spinal fluid The administiation of antimeningococcic seium 
is justified even when oigaiiisms aie not found in the smeais, piovided the 
leucocyte cell count is high and the smeai demonstrates that this increase is 
largelj due to polymoiphonucleai cells Of course, it is adiisable in such in- 
stances to take into eonsideiation the patient’s clinical picture 

Cultuial Examination — The diagnosis of tiibeieiilai involvement of the 
meninges is frequentlj' made fioni eaieful examination of smeais only, however, 
if tuberculosis is suspected and diiect microscopic examination has failed to 
demonstrate oigauisms, cultuies and guinea pig inoculation should be earned 
out Cultuies of the fluid, especially of the pellicle, on Petroff’s medium is the 
method of choice 

The gram-positii e cocci sti eptoeocci, pneumococci, and staphx lococei giow 
readily m blood agar plates and beef heart infusion blood broth In liquid media, 
the addition of 1 per cent destiose oi the substitution of 0 2 pei cent sodium 



n\.CTEU10I0GIC EWMINATION OF BLOOD AND ILtlD 


571 


phosphate foi tlic sodium chloiide content is sometimes used to enhance grouth 
The optimum Pn a^d temperature for incubation aic 7 6 and 37° C, rcspcc- 
tneh The organisms are differentiated bi their characteristic grouili in blood 
broth and blood agai and further b\ the examination of smears The 
bile solubilitv test is frcqiienth necessaiv to distinguish pneumococci from 
streptococci 

Of the gram-negatix c cocci the meningococcus is bx far the most important 
and IS found uith some frequence nhile the gonococcus is recox cred only rarelv 
from the spinal fluid Thex max be appropriatelx considered together as thex 
both require a highlx' albuminous medium for groxiih A blood agar plate con- 
taining from 30 to 50 per cent In droeele oi ascitic fluid is the medium of choice 
It IS necessarx* that the medium be frcshlx prepared and that the specimen be 
cultured as soon as possible as these organisms are markedlx susceptible to cold 
or drxnng Inoculation of the mediiini is best carried out bx lieavilv streaking 
the plates xvitli the spinal fluid and in addition pour plates mav be made xxitli 
this medium The same precautions for possible loss of moisture should be 
obserxed as indicated m the section on blood cultures Another useful method 
for culturing meningococci is to incubate the fluid for an hour or txxo before 
streaking plates 

Colonies of meningococci on tleai mediums are transparent, lenticular in 
shape, and liax e a moist and smooth surface ^leningococci cannot be definitely 
differentiated from gonococci bx manner of groxvth in culture mediums or bv 
smear findings nor does the examination of their fermentative actmties solxe 
the question The ultimate diagnosis of meningococci must, therefore, depend 
on the agglutination reactions A polyvalent immune serum is generaUv used 
for tins purpose but xxhen a fine differentiation of meningococcal txrpes is desired 
it IS necessarv to perform these tests xvitli the three tx-pes of immune serum 

DISCUSSIOX 

No attempt has been made to discuss every form of microorganism met xnlh 
in blood or spinal fluid cultuies, onlv those frequentlv found, or of practical 
importance are included 

IVith the reabzation that the tentative cbnical diagnosis is frequentlv xvrong, 
it IS abxavs adxnsable to perform routine examinations, as xvell as to earrv out 
anv special studies indicated 

Too much emphasis should not be placed on negative results Iilanv bac- 
teremias have bactena-free stages In most cases this period is short, but in 
such diseases as subacute bacterial endocarditis it may- cover a period of months 

The cbnical interpretation of laboratorv findings is sometimes verv im- 
portant For instance streptococci have been isolated from the blood of patients 
mth measles chronic arthritis rheumatic fever and even upper respiratory 
infections To conclude that such patients have a streptococcal septicemia lii 
the usual sense of the term xxoiild be erroneous Such organisms are nsuaUv 
isolated hr special teelinie, and are probably of loxv virulenee, thev may be 
present in small numbers and possiblx at infrequent internals It is also eon 
ceixable that such organisms are present in the blood stream onlx m some ultra 
microscopic form later dex eloping into the visible stage of tlieir life cycle in 
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the blood cultine medium The question of secoiidaiy oi teiminal invadeis also 
has to be coiisideied 

111 the aieiage lahoiatoii, unusual oi unlooked-foi oiganisms aic generally 
discaided as contaminants It is heie recommended that such organisms he 
given caieful consideiation, as it is laigeh thiough studv of the unexpected 
that om bactcriologic Ivnowledgc is inci eased 
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THE BACTERIOLOGY OF THE YO&E -kXD THROAT^ 


By Y' C Xoble, Jr , H D , Ph D tAD D H BRtrs'ARD, A B New Yopk N Y 


TF lYE consider the nose and throat as vesdibules to the respiratory and alimen- 
tarv tracts, and the relations of then vascular and Ivmphatic srstems to the 
general circulation and the meninges, we are impressed hr the avenues afforded 
to pathogenic bacteria for invasion and absorption of their toxic products 
Further, a consideration of the diseases which mav be spread in droplets of 
nasal and throat secretions emphasizes the importance of the clmieal bactenologv 
of this region 

For comenience we shall discuss separateh the flora of the nasal passages 
the aecessorv nasal sinuses the nasopharynx and the tonsils , bnt such a division 
IS verr inexact bacteriologieallv, becanse the continuity of the different parts 
the constrictions and tortuosities of the passages and the admixture of their 
secretions make it impossible to secure material from any one limited area un- 
contaminated by the bacteria from another 

ilaterial for examination maj- be obtamed by rubbing a sterile swab over 
the mucous membrane or bv irrigating the passages with warm sterile salt solu- 
tion Ringer’s solution or brotli The use of a swab is a most convenient method 
and the onh practical one when the secretion from a bmited area is desired To 
take material from the nasophaiwnx, a bent swab mav be inserted through the 
month and behind the soft palate and rubbed oxer the nasopharvngear'^walls 
B ifh propel care on insertion and withdrawal there is little danger of contami- 
nation f rom the mouth or tongue In x'oung children, or adults wTth exaggerated 

compnm™'" Bxctenolog.cxl Laboratom of the Jled.cal Dit.^.on iletropohtan Life insurance 
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gag leflexcs, the West tube maj liclp to minimize contamin.ition of tlie siiab Mitli 
saliva, 01 a slight!}^ bent siiab may be passed tliiougli the middle meatus of the 
nose into tlie nasopliaii n\ Mateiial tabcn in the lattei nay is neccssanlj' con- 
taminated bj bacteiia from the nasal passages Izngation of the nose and naso- 
pbaiyiix yith a steiile solution mav be cmplojed vhcn laige amounts of secie- 
tion from the vlioie legion intliei than fiom one locality aie desiied It is the 
method used by OlitsKt and Gates’ and othei voikeis in studying the etiologj 
ot colds and influenza, and is especiallj useful iihen filtei -passing foims are 
undei investigation Doehe/- suggested steiile bioth as the ii ligating medium, 
because he believed that it piesened these baeteiia and faiored then filtiation 
Such mateiial is fiequenth contaminated bj battciia fiom the mouth and nasal 
vestibule, and m compaiisoii vitli nasophaij ngeal snabbings contains fewer 
pneumoeocei and influenza bacilli, and more staphj lococci of the albus ^auctJ, 
and diphtheioids 

Diicct niicioseojnc evamination of tlie seeietions is of limited lalue unless 
there is a demonstiable lesion iiith an eMid.ite Cultnation on suitable media 
will ficquentl} shoii the piesence of a suspected pathogen nhen diiect iincio- 
scopic examination fails to do so Obviouslj the media emploied must be 
adapted to the gioutli loquiiemcnts of the paiticulai oiganisms seal died for, 
as foi example, Loefflcr’s coagulated scium medium foi the diphfheiia bacillus, 
or hemoglobin media for the hemoglobinoplnhc gioup 

In discussing the bacteriology of anj legion an attempt is usuallj made to 
distinguish “noimal” fiom “abnoimal” floia The leasons aie obiious, but 
an exact diftcicutiation is not possible because the floia is nevei constant, it 
laries in diffeient persons, in the same pci son at diffeient times, and in different 
geographical localities’’ ^ Bioadh speaking, ceitain species of bacteiia occur 
more oi less legularlj in most healthj noses and tin oats, and may be cousideied 
“normal” floia Thej are foi the most pait saprophjtes and potential patho- 
gens of lou vimlence It is doubtful if viiulent pathogens aic evei noimal 
floia, unless tlie-^ be considcied such in earners in uhoin theie aie no demon 
strable foci of infection The “abnoimal” floia consists of baeteiial species 
occuiiing less constaiitl}' than those of the noimal floia, it is transient except 
in persons with chionie lesions oi foci of infection, and includes the moie viru- 
lent pathogenic foims 

TUE NOSE 

The bacterial species of the healthy nasal mucosa have been listed bj^ 
Bloomfield,'' Sliibley, Hangei and Doehez," and Noble, Fisliei and Brainaid * 
Bloomfield coiisideied that Staphylococcus albus and diphtheioids compiised the 
essential normal floia of the nose, and that giam-negatn e cocci, B lactis aeiogenes 
and hemclj-tic stieptoeocci vere noimal tiansient foims Doehez and Ins asso 
dates’^ considered that stapln lococci of the aureus and citieus vaiieties also be- 
longed to the noimal floia, and Noble, Fisher and Biaiiiaid'* found that gieen 
stieptoeocci and pneumococci iiere occasional transients Webstei and Hughes,® 
in studjing the incidence and spiead of pneuniocoeci in healthy peisons found 
these oiganisms moie fieqiientlj in the nasal passages of ehildien than in then 
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throats but m adults the\ found tlicm less frcqucnth m the nose ma^ 

therefore eonelude that the normal floia of the nose consists prmcipalh of diph- 
theroids and staplnlococci of different ^a^Ietlcs, that gram-negatue cocci (M 
catarrhahs crassus III fiacuis and M siccus) and pneumococci are common 
transients and that green and liemohtic streptococci occur but larch as normal 
transients 

The abnormal floia of the nose is complex, and its clinical significance is 
be no means clear especialli in the acute catarrhal diseases Jlackei^ reported 
finding B influenzae, B pertussis, and B mucosus capsulatus m cases of chronic 
nasal catarrh in children Bordet*" and iloncricff and Liigbtiiood** haie found 
B pertussis in the nasal mucus and muco-pus of children nitli nhooping cough 
Mevei and Steinert**' isolated at autopsi the bacillus of Koch-'Weeks from the 
purulent secretion of the nasal passages and from the spinal fluid of a fatal case 
of meningitis Schulman*® and Hollender** base reported nasal infections caused 
bi Yincent’s fusiform bacilli and spirochetes Kistner*"’ found tubercle bacilli 
in primarc tuberculosis of the nasal mucosa Gonorrheal rhinitis -with isolation 
of the gonococcus from the nasal pus uas reported bv Miller *•* Seieral xarieties 
-of gram-negatii e encapsulated bacilli (B mucosus capsulatus group) ha%e been 
found associated i\itb rhinoscleroma and ozena Telin*' believed that thev had 
no eausatue relationship because so mane different fennentatne varieties oc- 
curred in the same patient Elbert and Guerkess,*® hoivecer considered one 
fi-pe, the bacillus of Frisch eharaeterized by the formation of acid from glucose 
and saccharose onlv, to be of significance because of its presence ivitbin the in- 
filtrations of granulomatous tissue together mtli the formation of specific im- 
mune bodies in the blood stream of patients In cases of glanders, B mallei is 
to be found in the nasal discharge bv suitable methods of examination The 
Klebs LoeEBer bacilli mav be demonstrated in cultures from the nose in cases 
of nasal diphtheria 

THE ACCESSORY XASAIi SIXTJSFS 

Because of the diflSculty in securing uncontaminated material from the 
healtln smuses in the Living subject our most accurate information of their 
bacteria has come from studies made upon the sinuses of cadavers Fraenkel*® 
examined 50 sinuses at autopsy, 28 were apparentlv healthv, and cultures from 
13 of these showed no growth In the remaining 22 smuses (11 maxillary, 6 
frontal, and 5 sphenoidal), pneumococci were the predominating bacteria foxmd 
Linton-" studied normal sinuses in 26 cadaiers within five to eighteen and one- 
half hours after death After remoial of the caharmm and brain the inner 
surface of the bone oierlnng the smuses was sterilized bv heat and trephmed 
Onli the frontal sphenoidal and ethmoidal smuses could be reached in this 
’"ai , 74 per cent of the smuses were sterile, tlie remaining 26 per cent vielded 
cultures of staphvlocoeci, diphtheroids B coli hemolvtic streptococci, M 
catarrhahs, and saremae In examining a large series of maxillarv smuses in 
animals he found that 55 per cent in rabbits 71 per cent in dogs 83 per cent 
in guinea pigs, and 90 per cent in rats were sterile It would therefore seem 
justifiable to conclude that the majoritv of healthy sinuses are bacteria free 
and that if bacteria gam entrance thev are probablv transients 
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A luimbei of difteient baeteiial species bas been found associated luth in- 
flaininatoi^ conditions of the sinuses In 44 cases ot acute sinusitis Babcoclv^i 
lepoited finding puie cultuies ot pneninocoeci in 24, staplivloeoeci in 10, strepto- 
cocci in 2, M cataiiliahs m 2, dipbthcioids and B aciogencs in 1 each, and no 
oigamsms in 4 In cluonic cases the same autlioi found stapln lococci in puic 
eultiiie 15 times, streptococci 4 times, pneumococci 3 times, and B mucosus 
capsulatus, M tetiagenous and diplitheroids, once eacli Aslilej and Frick-- 
found in the ma\i]laij sinuses of children Staplnlocoecus auieus in 23, M 
cataiihahs in IS Staphjloeoecus albus and gicen sticptococci in 10 each, and 
B influenzae, B pjocianeus, diphtheioids, and giam-negatne encapsulated 
bacilli in one oi tno cases eacli Eisner-'* in anahzing 50 operative cases of 
maxillan sinusitis ^reported that hemohtic and gieen stieptocoeci predominated, 
but veie nioie often found in nonsuppmatne conditions Tubeiclc bacilli-'*'-’’ 
and Vmceut’s fusifoim bacilli and spirochetes (anaeiobic foims)-'' liase been 
repoited as causatiie agents in inaxillaij sinusitis B mallei has also been 
found m infections, especial! v of the niaMllan and fiontal sinuses 

TIIL NASOPIIARINX 

The baeteiia commonh found in the healtln nasophamiv liaie been le- 
poited upon bi Joidan, Norton and Sliaip,"' Noble, Fishei and Brainaid,'* 
Burkj and Sinillie,' and Jlilam and Sniilhe-® Then lesults aie based upon 
successive cultuies taken fiom the same pci sons o\or long peiiods of time oi 
upon single cultuies fioiii laigei gioups of subiects the fiist method being of 
value in shoving tiansieut flora and the length of time it peisists There appeals 
to be geneial agieemcnt that gieen sticptococci and giam-negative cocci aie the 
piedomiuating normal oi basic flora of the healtln thioat, that mdiffeient 
stieptocoeci (Biovn’s “gamma” tjpe),-® pneuiiiococci, staphylococci, nonhemo- 
lytic influenza bacilli, and diiihtheioids aie noimal floia in some peisons and 
fiequent tiansients in otheis, and that hemolj-tic stieptocoeci, 51 eatarrhalis 
and B mucosus capsulatus aie occasional tiansients Builcj' and Snnllie,’’ and 
Bfilam and Smillie-'* found the uoimal basic nasopliaijngeal flora in isolated 
communities in the subaictic, temperate and tiopical zones to be, in geneial, the 
same vitli some minoi diftcienees pneumococci veic not found in noimal 
throats in Alabama vhile they veie quite pievalent in Labiadoi and the Virgin 
Islands, influenza bacilli oeeuired infrequently m Labiadoi , hemolytic staphylo- 
cocci veie very common in the Viigin Islands 

The vaiiations in the nasophaiingeal flora in health make difficult a deter- 
mination of the etiologie agents in acute catairhal infections of the uppei lespn- 
atoiy tiaet Theie aie alieady recorded in the liteiatuie countless attempts to 
deteimine the significance of ceitaiii oigamsms of this region in colds and in 
influenza Pfeifl'er’s bacillus, discovered in 1S92 ^\as generallj' believed to be 
the cause of epidemic influenza until the pandemic of 1917-1918 Dining that 
outbreak Williams, Nevin, and Guile's found it m 92 pei cent of influenza 
cases and in only 40 pei cent of healtln peisons, but attempts to demonstrate a 
common epidemic strain lesulted m shoving such seiologie heterogeneity as to 
cast doubt upon its etiologic significance 5Iatheis®^ desciibed a hemolytic 
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streptococcus fonucl in the nose and pharvnx of induenra patients during an 
onthreak m Chicago m 1915-1016 Attempts to implicate green streptococci 
haie been made hi numerous norkers In colds, changes in the normal flOTa 
liaAC been noted In different imestigators Williams, Xeiin, and GurleW 
found that pneumococci, stapln loeocci and influenza bacilli ncre increased in 
number and ficquenci Shiblei, Hanger, and Dochez' found that stapln lo- 
cocci of the aureus sariets hemoljtic streptococci and influenza bacilli appeared 
late in colds, probablj as sccondari iniaders Xoblc Hishei, and Brainard 
observed that pneumococci stapln lococci indifferent streptococci and influenza 
bacilli Mere iiicrcased during colds Burkv and fsmillie' noted in Alabama the 
appearance of pneumococti of Group together ■with an increase of influenza 
baeilh ivhen colds dei eloped, ivhile in Labrador an increase in the prevalence 
of influenza bacilli uas associated with an epidemic of tracheitis 

Tunnicliff and Hovne,''== vhile studiing measles isolated a green diplococeus 
■which at first grew onlv anaerobically but in later generations developed under 
aerobic conditions Tliej leportcd that seium fiom goats immunized to tlus 
organism seemed to afford some protection to persons vrbo received it •within 
three days of exposure 

The significance of certain organisms in the nasophariTix is well understood, 
as for example, the Klebs-Loeffler bacillus in diphtheria, and the liemol'vtic 
streptococci in scarlet fever and m septic sore throat The presence of these 
virulent organisms in the throats of healthv persons would indicate that the 
latter are carriers Jfeningococci mav be found in the nasopharynx during the 
disease and also in earners B mallei has been demonstrated in the pus from 
the nasopharynx m glanders and the Spirocheta pallida in the mucous patches 
of secondary svqihilis Tubercle bacilh have been found in tuberculous ulcera- 
tions of the nasopbaivTigeal mucosa 

THE TOXSIES 

The flora of the normal tonsil has been reported bv Bloomfield® and others 
to consist of gram-negative cocci, Streptococcus nridans and diphtheroids vnth 
Stapln lococcus albus Staphylococcus aureus, hemolytic streptococci and hemo- 
lytic influenza baciUi occurring as transients Cobe’’® has found m addition 
pneumococci and B mucosus capsulatus 

Hanv of these groups undoubtedly contain potential pathogens the pres- 
ence of virulent strains among them remaining undetected until an outbreak of 
disease The Dicks have demonstrated that scarlet fever is produced by hemo- 
Ivtic streptococci of a specific type Bloomfield and Feltv’* found that certain 
persons consistenth harbored hemolvtie streptococci in their tonsils and others 
did not Acute tonsillitis with the coincident appearance of hemolytic strepto- 
cocci dev eloped among the second group while the first remained healthy They 
therefore believed that bemolvtic streptococci uere the inciting agents, and 
attributed the immunitv of those in the first group to the fact that they' were 
earners In a study of excised tonsils from 100 cases of acute tonsillitis Pol- 
\ogt and Crowe"’' found hemolvtie streptococci the predominating organisms m 
per cent Pomalcs"’'' in his examination of 65 pairs of excised tonsils found 
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Sfap]i> lococcus cuiieus the pi edominating foim in tlic majontj of cases, nitli 
hcmohtic sticptocoeci lanking second, and considered both oiganisms to be of 
significance 

The possible relationship to iheiiniatie fevci of certain strains of stiepto- 
cocci of the tliioat has been suggested nianj^ times, it pi esiqiposes the existence 
of one 01 inoie specific tjpes and then leeoveij nith legnlarity fioin the throats, 
blood, and aftected loints of iheuinatic fecei patients These conditions have 
not >et been satisfactoiily fulfilled A mass of conflicting cMdenee has acenimi- 
lated nhich is difficult to appiaisc Audi ewes, Deiick, and Snift^’ found no 
evidences of seiologic identity among then stiains of liemoljtic stieptocoeci iso- 
lated fiom the tonsils, thioats oi hearts’ blood of rheumatic fevci patients 
SmalP*’ and Birkhaiig^'' Inue leeenth described stains oi indilfeient stiepto- 
coeci (gamma tepe) isolated fiom the thioats, blood, urine, oi feces in acute 
iheumatic fcACi and each has stated that his stiains constituted a seiologiealh 
homogeneous gioiip and SeegaH® neic unable to confiim these obseiva- 

tions, and Hitchcock^^ has found the indiffeient stieptocoeci to be hetero- 
geneous, and the diffeient stiains to oceui •with equal fiequencA in the thioats 
of rheumatic fecei patients and iioimal indniduals The voile of Cecil, NichoIIs, 
and Stainsbi is of especial intci cst, foi tliev have isolated green streptococci 
m a high peieentagc of then cases fiom the blood and aftected joints, and have 
pioved the seiologic idcntitv ol shams lecoicied fiom the tvo souices 

If the tonsils arc mcolved in diphtheiia, cultuics from them mil shov 
diphtheiia bacilli Othei bacteria nliich maj'^ pioduce diphtheiia-like conditions 
have been lepoited Gilbeit and StcvaiC^ hace lecenth desciibed a patho- 
genic diphtheioid associated mth outbreaks of sore throat, joiing cultures 
shoved diphtheioid forms vhich became coccoid on longei incubation Diph- 
theria antitoxin affoided little piotection Tvo cases of tiibei ciilosis of the ton- 
sils ha^e been lepoitcd by Koplik'*® and Dickei In both micioscopic exami- 
nations of scrapings fiom the ulceis shoved acid-fast bacilli The case deseiibed 
by Dickey vas probably a primal \ infection as a tubeiculin test made one and 
one-half yeais before tlie appeal ance of the ulcer vas negatne, vhile one made 
aftervards vas positive Fostei''® lepoited acute tonsillitis in a patient vho 
had contiaeted gouorihea, a micioscopic examination of smeais fiom the ton- 
sillai ulcer shoved intia and extiacellular giam-negative cocci, and oiganisms 
moi phologieally and cultuially resembling the gonococcus veie isolated Bus- 
son"*® found B mucosus capsulatus (Piiedlaendei ’s bacillus) in puie culture 
in a peiitonsillai abscess B mallei maj be found m the diseliaige from the 
nodules developing on the tonsils in glandeis 

Diseases of the tonsils produced bi fungi have been desciibed bi Castel- 
lani *’** In follicular tonsillomycosis and diphtheria-like tonsillomveosis the con- 
ditions veie usually caused by yeast-like fungi of the genus Sfonilia but occa- 
sionally by other tjqies Hoffstadt,®i ^ tonsillai membrane, isolated 

a saechai omyces ivliich resembled that found by Kajsei"" in cidei &mith*’® re- 
ported a case shoving vliitish patches on the tonsil, base of tongue, and lingual 
tonsil, an examination of the excised tonsil shoived the piesence of actinomjces 
Barer infections with the formation of granules in the tonsillar ciypts have 
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teen reported b^ Castellani The granules contained masses of nocardia-like 
organisms leptothnx and Mbriothrix, Aarious bacteria and c\en protoroa such 
as spirochetes, aniebae, and flagellates Tunniclifi’ and Taekson ^ reported find- 
ing a Aibiiothrix in a tonsillar granule Pct/etakis" found amebac in the ton- 
sils of tiro children iiith sore throats a feu dais before thei dei eloped amebic 
di senterv 

AXVEROniC nVCTEBIA 

The demonstration of aiiaeiobic bacteria in the upper respiratory tract is 
complicated bv the abiliti of most of the aerobic forms preiiouslv named to 
groiv ivell under anaerobic conditions A partial solution of this difllcultv lies 
in filtering the respiratori secretions through Berkefcld “V” or “N” candles 
before planting them in culture media ^lost of the aerobic bacteria and some 
of the anaerobic forms are renioied bv this procedure but mani of the latter 
pass through intli the filtrate 

Some anaerobic bacteria, houeicr, hare been isolated from unfiltered ma- 
terial from the nose or nasopbarnix Tunnicliff’s’'' B rhinitis was found in 
the unfilteied nasal mucus of patients with acute cory7a, she bebeved it to in- 
duce this condition uhen inoculated upon the nasal mucosa Noble and Brain- 
ard^' found Staphvlococcus parvulus in nnfiltered nasal washings This organ- 
ism, previouslv isolated bv Yeillon and Zubcr'^ from an infected appendix and 
later bv Lewkowicz^® and others from the moutlis of man and animals, is charac- 
terized bv its abilitv to produce abundant gas in protein media and its inability 
to ferment sugars Because of its prevalence it would seem to be part of the 
normal nasopharvngeal flora Seieral strains of gram-positne cocci differing 
from one another in their fermentative reactions haie been isolated from cases 
of rhinitis by Hall,*'’ and Noble and Bramard Gram-positive spirochetes 
bare been found by Tunnicliff®^ in cases of rhinitis and sinusitis Gram-nega- 
tive bacilli similar to those found in filtered washings, nhich are described be- 
lon, bare been reported bi Noble and Bramard’’’ in nasopharyngeal swabbings 
from normal persons and others nitli colds Vincent’s fusiform bacilli have 
alreadv been mentioned in an earber section 

The filter-passing anaerobic bacteria which have been described at one time 
or another are more numerous than those obtained directly from the unfiltered 
mucus Olitski and Gates*- isolated a gram-negative bacdlus from filtered nasal 
washings of patients in the earlv stages of epidemic influenza and suggested it 
as the causative agent , they called it B pneumosintes because of its abibtv to 
injure the lung and predispose to seeondarv infections Vrhen groivn in Smith- 
Noguehi medium, it is a minute eoceobaciUus , on a solid medium such as 
coagulated blood agar, it is considerably larger It produces acid from glucose, 
galactose, lemlose maltose saccharose and lactose and specific agglutinins and 
other immune bodies in human beings and rabbits Manv other gram-negative 
bacilli hate been found bi different iiorker^ Obtskv and Gates'^ described three 
groups and two subgroups and Noble and Bramard®^ baie differentiated twelve 
agglutinate e and fermentative groups, these bare been isolated from cases of 
epidemie influenza rhinitis, or liealthj subjects, and are probably part of the 
normal flora of the upper respiratoii tract Garrod*' has reported a minute 
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giam-negatne coccus occiiiung in liazj masses and Noble and Biainaid'*^ liave 
found a siinilai foim It produces a chaiacteiistic colony on glucose serum agai 
but does not feiment the sugais It is not pathogenic and is found in the nia- 
joiity of peisons Two species of giam-ncgatne cocci liace been desciibed be 
Branham, «« one of which appealed to be Staphj lococeus paimilus, wliile the 
othei diifeied fioiu it in that it was hemol^tlc and foinied no gas in protein 
media Bianham also found a minute gram-positne coccus We haie found small 
giam-positive bacilli, some leserablmg diiihflicroids 

SUMMARY 

Fiom the foiegoing paragiaphs, it is evident that mam baetezial species 
aie to be found in the nasal passages and throat, and that the same, or appai- 
entlj the same species occiu on both the healtln and diseased mucous mem- 
brane Therefoie it is difficult, in the absence of a definite lesion, to appiaise 
satisfactoiilj the clinical significance of mam of the species encounteied in a 
hacteiiologie exainination This is especially tiue of the stieptocoeei, ^rhethe2 
green, indifieient oi hemohtic, the pneumococci, staphylococci, giam-negatne 
COCCI and hcmoglobinophilie bacilli If we considei tlie hcmoljtie stieptococci 
as an example, we must lemembci that thes coinpiise a laige gioup of mam 
stiains which diffei gicath iii then pathogenicitj and -Minlenee, and that while 
eeitain stiains mac gno use to seailet fe^el oi to septic soie tliioat, otheis mai 
be innocuous The finding of hemohtic stieptococci, theiefoie, is not neces 
saiily significant, but the finding of a paiticulai stiain may be of gieat signifi- 
cance Unfoitunatelj the denionstiation of a paitieulai pathogenic strain is 
not alwajs easy and is usualh iinpiactical in loutine examinations The lole of 
the auaeiobic bacteria as ineitaiits of colds and influenza is unknown, the^ 
would appeal to be part of the noima! floia and of little if am pathogeniciti , 
but additional expeiimental e\idence nun change oui news The lecent work 
of Doehez,”' confiiniing the eailiei woik oi Kiuse"® and Fostei,®” ™ has again 
diieeted our attention to the piobability that a filteiable viius is the piimaiN 
cause of ceitain lespiiaton infectious, piepaiing the waj foi the secondan 
complications which iiiaj be bi ought about be manj of the common baeteiia 
haiboicd in the uppei lespiiatoic tiact We aie piobablj coriect in believing 
that in the pieseiiee of a definite lesion the finding of an organism of known oi 
potential pathogenicit-s is clinicalh significant, that m the absence of a lesion 
it denotes a caiiiei but beyond this oui piesent lack of knowledge does not 
justify definite intciiiietations 
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T his article deals ixitli the haeteriologic stuch of 1 450 cultures made from 
the bile of 988 patients obtained during the course of duodenal tube drainage 
of the biliari si stem folloiving the technic iiluch iie ha\c adiocated That is 
bile Mas alloMcd to floii from the patient through the duodenal tube into a cul- 
ture flask containing Huntoon s hormone broth 20 to SO drops of bile fluid be- 
ing introduced into 100 c c of broth In this sense therefore the title of this 
article is correct But from another point of view all findings accredited to the 
bacteriology of the bile are lustifiabh debatable 

In the first place m taking cultures through a duodenal tube from the 
duodenum ive are obnoush culturing a zone into which is being poured secre- 
tions from sources othei than the biliarv s\stem namelv, the secretions of the 
respirator! tract of the mouth (notably the sain a), of the stomach the pan- 
creas and the duodenum itself Viable bacteria flora anv of these sources ulti- 
mately leach the duodenum if they can successfidh pass such bactencidal baniers 
as our bodies possess Ob^uouslv this would make inferences as to the nrimarj' 
source of positive cultures from the duodenal zone somewhat doubtful Scien- 
tifically speaking this is the sounder view to take and this position has em- 
phatically been chosen bi some imestigators of this problem Howeier I be- 
lieve and hope to show that m many patients despite certain obvious inaccu- 
racies bactenologic inferences can be made which aie of such lalue both m diag- 
nosis and in treatment as to make it imperatne that we do not entirely disregard 
this aid in diagnosis 

In medicine, as in othei branches of science the ultimate truth is long de- 
layed The opinions expressed lu one decade or one medical generation or in 
one centurs are often fullv accepted for the time being and often totally dis- 
regarded bi the next generation beeau‘-e methods liaAC been iraproied for re- 
appraising former views 

Thirty jears or more ago it was gencialh accepted that the fasting duo- 
denum in hcaWi was amicrobic, wheieas bacteria ingested with the food and 
contaminated be bacteria resident in the mouth and upper and lower respira- 
tori tracts, resistant to the socalled bactericidal power of the acid gastric ^uiee 
could be leacbh cultnated from the duodenum when operated upon Such 
cultures ehiefli melded veast and i anous cocci ^ Tw entj years ago after the 
duodenal tube had been perfected other im es-tigators- ’ showed that nable bac- 
teria could be readiB cultivated from the fasting duodenum in health and 
also with particular frequency in ua«trointestinal disease Howecer the 
view was held that such findings were inaccurate because of contamination br 
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bacteria eaiiied fiom tJie mouth, esophagus, and stomach b> the duodenal tube 
itself Thu teen yeais ago, aftei the adccnt of nonsuigical diainage of the gall 
tiact,^ A\e added loutme cultmes from the duodenal /one and became entliusi- 
astic in om belief that, luth eeitain preeautionar^v attempts to sterilize the 
mouth and stomach, cultmes could be secured uhieh uould fiunish inferential 
evidence of the source fiom uhich such bacteiia Aiere obtained Pollou mg mv 
eailiei publications- leneucd inteiest uas indicated in various papcis'’-® The 
opinions of some of these authors suppoited, vhile others veie unable to confirm 
the Mcvs uhich I had espiessed, chicflj' because of the obAuous faetois of con- 
tanuiiation No one can dispute oi disiegaid the existence of such factors It 
is necessazy, hovever, to emphasize that uith caie in technic such factors can be 
at least paitially conti oiled 

In health the mouth, its contents, and the accessori cacities vliieh emptj^ 
into it (the icspiratorj passages, sinuses, and eais) constanth contain vaiious 
bacteiia, mam* of vlneh aie pathogenic, but the normal lesistanee of the tissues 
and the antibacterial defenses (h'mph nodes, etc ) minimize their eftect In 
disease (bionehitis, nasopharjmgitis, sinusitis, otitis media, eustachian-tube in- 
fection, gingivitis, pA’-oiihea, dental canes and loot infection, tonsillitis, salivai}^ 
duct infection) the mouth caAity is a most potent source of infection thiough 
hraphatic and blood distiibution and b 3 diiect bacteiial descent (swalloued 
sain a) m the production of subsequent gastiomtcstinal disease in its acute and 
clu 01110 forms (gastroduodenitis, peptic uleei, cholecA’Stitis, hepatocholangitis, 
ciiiliosis, enteiitis, appendicitis, colitis) In the pieceding gioups the pjogenie 
cocci aie particularly common One of the greatest factois influencing the 
causation of such secondaiy disease is the indmdual tissue susceptibility and 
the tissue resistance to such infection A second factoi of less impoitanee is the 
bactericidal pouer ot the acid gastiic mice and its vaiious components'^ 

Ever}' gastioenterologist is at times amazed to see the fiequencj' of exten- 
sive oial sepsis, especiall}' in patients fiom iiiial coiiimiiiiitics, ivliich exists in 
ecitain patients without evident acute oi chionic gastiomtcstinal disease oi of 
infectious aithritis, endocarditis, neuritis, and the like No doubt, manj' such 
persons acquire slowlj developing iinmunitj' to the bacteiia harbored in such 
duty mouths On the othei hand, even in health vaiious air-horne baeteiia, 
such as influenza, may oimnvhelm the peison and cause acute intestinal disease, 
likewise vaiious food, watei, or insect-boine bacteiia inaj' produce acute endemic 
or epidemic enteiie disease by ovei whelming the noninimmie host, as occurs 
in typhoid, paratirphoid, and imiious othei baeillaii and coccus infections It 
Avould seem, theiefore, that much depends on the Airulcncj of the bacterium 
measuied in teims of tissue lesistanee and in the selective afdnity of ceitain 
tissues to certain stiains of vziuleut bacteiia, as pointed out bA Eosenow 

The 988 eases on w'hich this studj' is based oecuiied in mv priiate piaetice 
between the years of 1920 and 1926 These patients were going thiough the 
usual loutme diagnostic appiaisal foi gastrointestinal disease oi its absence All 
of them had one oi more cultmes made of bile disehaiged into the duodenum 
and recovered by the duodenal tube Of these 9S8 patients 554 weie males and 
434 were females Classified bj' half decades from 3 outh to old age, Table I 
indicates that ovei two thirds of the patients weie between the ages of thirty and 
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fifty-four Acais and the laigost nunibci of patients toi ain single decade uas 

bety een tbirtc -fiA e and foi t\ -four ^ cars 

Of the total number of patients, Gi furnished no CMdencc of gastrointestinal 
disease after complete study and leprcsent the a\ crage normal adult This group 
furnished the highest percentage of sterile cultuies A second group of 93 pa- 
tients on final appraisal leprcsented cases of Aarious functional gastrointestinal 
disorders This group furnished the next highest peiccnt^igc of steule cultures 
A third group of 162 cases on final appraisal rcpvesentcd saiious grades of 
organic gastrointestinal disease, but mthout recognizable clinical or laboratory 
iniolvement of the biliary sjstem Of these the 32 nlio came to the operating 
table showed no evidence of gaU bladder disease A fourth gxoup of 40-1 patients 
yere cases of bibary tract disease, easilj recognized bi history, phisical exami- 
nation, roentgen raj examination, laboratorj' studies, including biliarj drainage, 
and in 101 instances Mere confirmed b> pnmarj gall bladder surgerj- I consider 
it significant that in these 101 patients the culture obtained at the operating 
table from the gaU bladder nas identical nith that recorded in the preoperative 
drainage culture m a definite majority of cases A fifth group of 69 cases repre- 
sented patients nho had already undergone one or more operations on the bibary 
system (eholecjstostomy, choleejstectomy, choleejstoduodenostomy, release of 
adhesions, etc ) and yho suffered continued morbidity A sixth group of 154 
patients presented \ague atj-pical symptoms that Mere not characteristic of 


Table I 

OSS Patients Analtzed bi Age anti Sex 


Tears 

10 

to 

14 

15 

to 

19 

20 

to 

24 

23 

to 

29 

30 

to 

34 

35 

to 

39 

40 

to 

44 

45 

to 

49 

50 

to 

54 

55 

to 

59 

60 

to 

64 

65 

to 

69 

70 

to 

74 

75 

to 

79 

Total 

Males 

3 

6 

22 

46 

76 

86 

88 

68 

66 

36 

29 

24 

2 

2 

554 

Females 

3 

4 

22 

49 

54 

83 

66 

44 

54 

24 

12 

IT 

2 

0 

434 

Total 

6 

10 

44 

95 

130 

169 

154 

112 

120 

60 

41 

41 

4 

2 

98S 


any of the nsual gastrointcstmal or bibary tract syndromes, and ivho uould 
othennse have remained unrecognized as bdiary tract suspects or Grades I or II 
bihary tract disease, m ere it not for the evidence of abnormal cytology and posi- 
tive cultures of pathogenic bactena obtained by bibary tract drainage This 
group, most important to recognize at an early stage of their disease yielded 
15 per cent of the positive cultures This group also jnelded the largest number 
of successful results from therapeutic bibary drainage by duodenal tube A 
seienth group of 74 patients yere eases yhich clearly overlapped, chiefly yith 
Groups 4 and 5, and represented various types of bver disease (cirrhosis, hep- 
atitis cholangitis, cancer) 

The histones of this senes of 988 cases shoyed that only 333 patients had 
not been operated upon for any concbtion Of the 988 patients 316 had abeadv 
undergone 434 abdominal operations In many instances tyo or more abdominal 
organs bad been surgically treated at tbe one operation, so the folloymg figures 
oierlap 269 patients had already had their appendices remoied, 69 'pahents 
had prenously undergone gaU bladder surgery, of yhieh 34 yere cholecystos- 
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tojiiips, 32 eliolecystectoniies, and 3 cliolecysfodnodenostoinies Of this group I 
Iiad to lefei 14 patients foi fiutlici gall tiact suigeij The lemaindei of tins 
gioup of 316 eases wcie made up of pelvic surgeiy, gastiojejimostomy or otliei 
opeiations foi peptic ulcei, colostoiiij, leleasc of adhesions, and liernial lepaiis 
Of this gioup having had abdominal suiger'^ 228 had been operated on once, 63 
patients tiuce, 20 patients thiee times, and 5 patients fom times Prom the 
foiegoiiig it mil be noted that I had to lefci 147 patients foi abdominal surgeiy 
— 101 foi piimaij gall bladdei oiieialions, 14 foi reoperation on the gall tract, 
and 32 foi suigery othei than gall tiact 

Although this data may appeal iiielevant to the subject of this papei I feel 
that it IS neeessai-s to tabulate and classifj the general character of the mateiial 
studied bj"^ duodenobihai j eultuie, because it senes bettci to account foi bac- 
teiiologie disci epancies betveen this senes and ofheis that might be studied in 
a more geneial piactice 

In addition, there neie among the 988 eases 339 patients nlio had been 
opeiated foi laiious conditions requiring nonabdomnial suigeiy (tonsils, ade 
noids tuibiiiates, siiinses, hemoii holds, iiehic plastic lepairs, etc) Of this 
gioup 210 patients had been operated upon once, 93 patients twice 31 patients 
three times, 10 patients foui times, and 4 patients five times Slanv of these 
patients had also undeigonc one oi moie abdominal opeiations Foi instance, 
oae patient had had foui abdominal opeiations and die otherwise Two hun- 
dred and sei entj -foui patients had alicadj had then tonsils leraoved, in whom 
this sonice of contaminative infection in the cultuies leported was eliminated, 
and I leeommended tonsillectomies m 156 patients who had evident tonsiUai 
focal infection 

Although, in the piepaiation of this papei insufficient time w'as available to 
classifj the numbei of patients who had gingnitis, pjoiihea, dental canes or 
root infection, pievious histones of oi piesent snnptoms of sinusitis, a cursory 
studj of the case iccoids suggested at least 25 pei cent of such present or ante 
cedent involvement It is evident then how inipoi taut such focal infection above 
the level of the stomach can be in the etiology of gastiointestinal disease 


Table II 

SusiitAin OP Bile Cm tores 



patients 

CUI TUBES 

STEPILE 

contaminated 

PURE I 

MIXED 

Total No 

988 

I 1450 1 

I 240 

188 ! 

j 629 

1 893 

Per cent 



IGO 

12 9 

43 4 

271 


An analj’-sis of antecedent oi piesent skin jaundice in the total gioup of 988 
patients was significant in that of 274 patients who gave such histones, 61 8 pei 
cent yielded positive cultuies fioni the duodenobiliaij fluid It was inteiesting 
to me that of a total gioup of 184 patients who gave histones of an antecedent 
tjqihoid fevei, onlj’- 3 patients vneldcd bile cultuies of B tjqihosus ^ 


*One of these cases tias leported on pase B22 of the writers monograph (see Hef 
5-K> a second one of a typhoid carrier of twentj-'JK sears duration finally cured, 
shortlj appear in the /oioiial of the Ameucan Medical Assot^iatlon 
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Table II indicates that on the ‘ISS patients a total of 1 1)0 cultmes of the 
diiodenobiliari fluid Mcie made Of these, 2-10 oi 10 i per cent Melded sterile 
cultures, 629 or 43 4 pei cent c lelded pure eultuus of one bacteiium onU , 303, 
or 27 1 per cent c lelded mixed cultures of two m more bacteria , ]S8, or 12 9 per 
cent, xieldcd contaminated cultmes 

■^e consideied the cultures contaminated csben thee Melded B subtilis 
least leptotluix nncolia oi otbei moulds 

B subtihs ocelli icd 2S times oi 14 9 pci cent of tbc contaminated frioup but 
onh 1 9 per cent of the total number ot 1,410 cultmes, ceast occurred 16 times 
01 8 4 per cent of the eoiitaminated gioiip but onh 1 1 per cent of the total num- 
ber of 1,450 cultmes, moulds occuned 12 times or 6 4 per cent of the contami- 
nated group but onh 0 S pci cent of the total number of 1 450 cultures "Vre aho 
considered as contaminants Stieptococcus salnaiiis Staplnlococcus albus, the 
diphtheroids ^Iiciococcus catairhahs and the pneumococcus 

Streptococcus salicaius occuned 19 times or 10 1 pei cent of the contami- 
nated gioup but onh 13 poi cent of the total nunibei of 1 450 cultures. 
Staphylococcus albus occurred 71 times oi 37 7 pei cent of tbe contaminated 
group but onlv 4 9 pei cent of the total number of 1,450 cultuies, diphtheroids 
occurred 15 times or 7 9 per cent of the contaminated group but onh 1 03 per 
cent of the total numbei of 1 450 cultures , Micrococcus catai rlialis occurred 16 
times or 8 4 per cent of the contaminated group but only 1 1 per cent of the total 
numbei of 1 450 cultures, pneumococcus occuired 11 times or 5 8 pei cent of the 
contaminated group but onlv 0 8 per cent of the total number of 1,450 cultuies 
In many instances wuth B subtihs, x east or moulds freshh examined spreads 
of bile stained floccules indicated that other bacillaiu or coccoid groups were 
present but failed to grow out m difterential subcultures 

Table III indicates that in the pure cultures, m which onlx one bacteiium 
was isolated, the three mam groups weie the streptococci 25 per cent, the 
Staphvlococeus aureus, 34 6 per cent , and the B coli group, 39 3 per cent which 
together represent 98 9 per cent of the total The remainder are divided be- 
tween B pjoexaneus, B lactis aerogenes B tvphosus 


Table III 

SuilllAPX or PUFE CcLTURES 


C\SES 

STPEPTOCOCCUS 

STAPH 

AUPEUS 

1 B 
COLI 

B 

PYOCY^V 

[ B LACnS 
AEPOG 

B 

TYPHOSUS 

HEMOL. 

NOMTEMOL 

I VIPID 

TOTAL ^ 

Totxl XTo 

93 1 

59 

5 

157 

218 

247 

8 1 

1 i 

3 

(G29) 








1 


Per cent 

14 8 

94 

0 s 

25 

34 6 

39 3 

0 47 

0 15 

0 47 


Of the 393 mixed eiiltures containing two or more bacteria the four mam 
groups are B cob and Staphylococcus aureus, B coli and nonhemohdic strepto- 
coccus B coll and Staphvlocoecns albus, nonbemolvtic sti eptocoecus and 
nphxlococcus aureus In these groups B coh occurred 194 times If these 
nere added to tbe 39 4 per cent of pure B coli cultures, B eoh would dominate 
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the mcidenec of all othei bacteiia Tins inaj" be iinpoitant m estimating the 
influence of B coh m eoiitnbuting to the piocluctiou of the symptoms of hepatic 
intestinal toxemia It might be eieii higher than tins peicentagc if the formula 
of Huntoon’s lioimone broth MCie not titered to letard tlie gionth of B coh 

Willie giving due consideiation to tlie fact that the pjogenic cocci (strepto- 
cocci 25 pci cent and Staphylococcus auieiis 34 6 pei cent) which occurred in 
59 6 pel cent of all pme cultuies, might also repiesent contaminations from 
above the duodenal zone in man}' instances, peihaps even in a majority, never- 
theless an analysis of Gioups 3, 4, 5, and 7 mil indicate that in manj' patients 
these baeteiia also invade the biliaij tiact and produce localized infection which 
can best be detected, prioi to opeiation, by cultuies of the duodenobiliary fluid 
obtained by the duodenal tube 

Group 3 (Table IV) consisted of 162 cases of organic gastiointestmal dis 
ease (chiefly gastioduodenitis, stomach or duodenal ulceis, upper right quadiant 
adliesions, appendicitis, colitis), but without recognizable biliary tiact disease 
Of these, 42 weie confiimed as sucli bj x-iaj study but vithout operation, and 
32 ueie proved at the opeiatiiig table In this gioup, 39 patients (24 1 per cent 
of the gioup) jielded steiile cultuies, 24 patients (14 8 per cent of the group) 
yielded contaminated cultuies, and 99 patients (61 1 pei cent of the group) 
juelded positive eultui es 

Table IV 


Giioup 3 Onowic Gastrointestinai Disease But tViTnouT Billvbv Tract Disease 


CASES 

STEKILE 

CULTURES 

CONTAMINATED 

rosiTnr 

DIAGNOSIS CONFIRMED \ RATsj 

BUT AMTHOUT OPERATION 

niAOVOSIS PROVED 
AT OPEKATIOrr 

TotalNo 

39 

24 

99 

42 

32 

(162) 






Per cent 

24 1 

14 8 

01 1 


j 


Group 4 (Table V) consisted of 404 cases easih recognizable as gall bladdei 
01 duct disease A numbei of them ovei lapped Gipup 7 mth livei disease, and 
a numbei with Gioup 3 because in some instances there iiere both cholecystitis 
and peptic ulcer or upper iiglit quadiant adhesions The baeteiiologic findings, 
however, ha\e been listed but once Of these 404 cases 108 were confirmed by 
x-iay study, but mthout operation, and 101 veie pioied at the operating table 


Table V 

Group 4 Gall Blvdder or Duct Disease 




CULTURES 


DIAGNOSIS CONPIRilED S RATS 

DIAGNOSIS PROA ED 
AT OPERATION 

CASES 

STERILE 

CONTAMINATED 

POSITIVE 

BUT WITHOUT OPERATION 

Total No 

37 

39 

328 

108 

101 

(404) 
Per cent 

92 

97 

81 1 
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In tins group 37 patients (0 2 per tent of tlie group) Meklecl sterile cultures, 
39 patients (9 7 per cent of the group) Mcldofl contaniinnted cultures and 328 
patients (81 1 per cent of the gioup) Molded positne cultmcs 

Group 5 (Table YI) consisted of 69 patients mIio showed continued mor- 
biditT after having undergone one or more operations on the gall bladder Some 
of these patients also o^crlappcd Gioiip 7, having In or disease In this group 


TAHtr VI 

Group 5 CONTiMjro Mopbiditt Vittp Osf op "NtoPE OprrtTioNS os G\u. Bu\i>Drp 




CULTUPrS 


CASES 

STERILE 

' CONTA'MIN <TTD 

POSITIVE 

Total Xo 
(69) 

7 

s 

5-1 

Per cent 

10 

11 G 

7S 4 


7 patients (10 per cent of tlie group) vielded sterile cultures, S patients (11 6 
per cent of the group) viclded contaminated cultures, and 51 patients (78 4 per 
cent of the group) nelded positiic cultures 

Group 7 (Table Till consisted of 74 patients with liver or duct disease 
(hepatitis, cholangitis ciirhosis, cancer — 2 cases) In this group 5 patients 
(6 8 per cent of the group) vielded sterile cultures, 6 patients (81 per cent 
of the group) neldecl contaminated cultures, and 63 patients (861 per cent of 
the group) nelded positne cultures It mav be of interest that of the positive 
cultures B eoli was isolated 24 times, B tvphosus in 3 instances, B pyocyaneus 
once, and the pvogemc cocci 46 tunes 


Table VH 

Group 7 liivEP OP Duct Disease 


CASES 

CLLTI7EES 

STERILE 

CONTAMDIATZD ! 

1 POSITIVE 

Total No 

5 

6 

63 

(74) 




Per cent 

GS 

S 1 

So 1 


Comparing the anahsis of these four groups, it becomes appaient that there 
IS a distinctly higher percentage of positive cultures in Groups 4, 5, and 7 (pa- 
tients with biliarv tract disease) than in Group 3 (patients without bihary tract 
disease) Purthermors, both the sterile and contaminated groups in biliarv tract 
disease are smaller than occurs in gastrointestinal disease, despite the fact that 
the same contaminating organisms, if contaminants, reach the duodenum m both 
groups 

I have alreadv suggested that the interested reader of this article should 
carefullv studv the chapter in my monograph deahng with the bactenologic 





590 


THE TOUKNAL OE EAIiORATORl AND CLINIC \E JILDICINE 


methods,*' both fiom then clinical discussion and fiom the technical loutinc 
noiked out by Jolin A Tfolmei, because of tlie fact that so much gieatei detail 
IS thcjeiu deseiibed, nliich obiioush is not appiopiiate to this papci In that 
ehaptei certain tables Mill indicate that Kolinei found that although larious 
stiains of stieptoeoeci and staphylococci ■were lecoiered in a large percentage 
of eases, neieitheless theie nas also a high incidence of the lecoieiy of B coli 
gioups Furthei nioi e, of these B eoli gioiips se\eial stiains neie dcfiniteh 
pathogenic to inoculated animals On the death and autopsy of such animals 
the B coll nas iceoieied nitli impiessne fiequencj fiom the portal blood and 
fiom the gall bladdei bile, and iuitheinioie, in a nunibci of instances a gram- 
negative rod vas demonstiatcd in the tissues of the gall bladdei -wall Similar 
findings neie also noted many times in labbits inoculated with the piogeme 
cocci This mai be significant 

Hoveiei in this papei it might be veil to emphasize that the doctor or 
caiefulh tiained technician should be on the aleit, nheii taking cultuies from 
the bile, to select tliiough the glass observation yiiidou of the tube bile stained 
rathei than inibile stained floceules The foimer aie moie apt to lepiesent bac- 
teiial iinasion of the bilian si stem, the lattei, inoie apt to lepiesent coiitamiiia- 
tion brought doini fiom the uppei respiiatoii passages, mouth, or stomach 
Also in the selection of such bile-stained floceules additional caie should be ex- 
cited not to select the laige sliaggi oi slirai bilc-stained floceules iihieh under 
fiesli spiead appiaisal indicate the chniacteiistic micioscopic picture of oleagi- 
nous degeneiatioii so common to cistic duct catarih and possibli cholesteiosis -- 
The mieioseopie examination of such spieads is laieh as iich in bile-stained bac- 
teiial colonies as aie the small fine, teatlieii oi gianiilai bile-stained floceules, 
often as minute as pinpoint size Undei mieioseopie appiaisal such floceules 
more fiequenth leieal densely bilc-staiiied colonies, in association with bile- 
stained pus cells and gieatei degiees of exfoliation of tall or short lule-staiiied 
columiiai epithelium, in the chaiacteiistic fan-shaped oi losette clustei-s, nhich 
aie supportive eiidence of inflaiiuiiator3 disease of the mucosa of the {rail Wad 
der 01 ducts 

For some time I lia%e been iinpiessed with the fiequencj^ iiith nliicli the 
B coll gioups liaie been reeoiered in bile diainages fiom iiatients nlio exhibit 
simptoms of iiliat I have desciibed as hepatic intestinal toxemia This -would 
appear to suggest an impairment oz loss of pow ei of the baetei lal function of the 
livei This function seems to be a definite one and much of the published btcia- 
tuie concerning it is alieadj^ -well knowm 

B\ en 111 health thei e is ei ideiice of a constant ti ansf ei of B coli, the most 
common bacteiial gioup in the human intestine, into the mesenteiie leins, thence 
to the poital vein, and thence to the Inmi cells These cells in health appear to 
haie the ponei of destroj mg eompletelj- the gezms bi ought to the Iner (a bac- 
teiioB-tic po-wez) oi of kilhng them and thus lendeiing them haimless foi le- 
distiibution (a bacteiicidal ponei) Purthermoie, theie is geneial agreement 
that the B coli group is chiefly icsident in the ascending colon, in the cecum, 
and in the tezminal loops of the ileum, and thei become pi ogi essively less in 

•See Reference 5-K chapter 19 pp 347-3GC 



15 \CTLRIOr 0«\ or RUE 


301 


mimbers as one ascends the ileum to tlic cliiodenum In other isoids in health 
ive are not acenstonied to see B coli iinasion oE the duodenum or the stomadi, 
although obMoush in a minoiiti of cases such cultures can be obtained, but the 
erplanation is not far to seek 

Therefore, in connection iMth our studies on the microscope and cultuic of 
bile stained floccules obtained on biliare drainage \\c haee fiequcntU noted the 
te\o following points That in taking cultures from bile which has jnclded B 
coh one group requires from eighteen to twent\-four hours for its demonstra- 
tion in cultuie flasks whereas in another group of patients an extraordinarily 
luxuriant growth of B coli has occurred within two or three hours follownng the 
planting of the culture This latter group therefore leads us to the susnicion 
that in such a patient both the bactcrioh-tic and bactericidal power m the luer 
cell IS reduced or destrox ed The second point has been our observation that 
despite the recognition in our fresh spreads of large numbers of bilc-staincfl 
bacterial colonies, morphologiealh approximating the appearance of B coli 
groups such bacteria base failed to be cultnable and haxc xieldcd us sterile 
cultures In othei woids such bacteria do not appear to be viable This leads 
to a surmise that in such cases flie bactericidal actnitx of the hxer is still pre- 
served but its larger function of complete bactenohsis has been reduced or 
destroj ed 

It seemed desirable, therefoic to anahze an eighth group (Table YIII) 
consisting of patients who exhibited sxTnptonis of hepatic intestinal toxemia in 
the attempt to learn whether the B coli group would appear conspicuouslv fre- 
quent This turned out to be a large group of S85 patients and necessarilv oxer- 
lapped Gioups 3 to 7 B coll was recox ered in pure culture in 56 7 pei cent, 
and B coli in mixed cultui e together xnth streptococci or Staphx lococcus aureus, 
B pyoevaneus, B lactis aerogenes and various enterococci was recovered in 23 1 
per cent Thus B coli was recovered in 79 8 per cent of the entire group 


Table XT!II 

Gpoitp 8 Hepatic Ixtestinal Toxemia 





CCTiTUPES 




STERILE 

COVTAiTIVATED 

B COLI PITRE 

B COLI ItlSED j 

PtJPE OP MIXED 
WITHOUT B COLI 

Total Mo 
(385) 

2-i 

25 

218 

89 

29 

Per cent 

6 2 

6 6 

j6 7 

23 1 

7 5 


The bacteria mentioned above, either in pure culture or mixed groups (but 
without B coll), occurred in 7 5 per cent, contaminating cultures occurred in 
6 5 per cent, and sterile cultures occurred in 6 2 per cent of this group 

To me tins analxsis appears to have significance because here the element 
of contamination from above the duodenal zone is reduced to its minimum be- 
cause the B coh group can be cultivated from the duodenal zone in health with 
relativ e infrequency and because such a high recoverv of 79 8 per cent of B 
coh in patients exlnbiting svmptoms of hepatic intestinal toxemia argues m favor 
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of a blcakdo^\n m the hacteiicidal function of the Inei as an etiologic factor of 
iinpoi tance 

As a lesult of the foiegomg analyses I letam m 3 '' comietion, despite tlie en- 
dcnt inaccuiacies to which I and othei investigatois have called attention, that 
vnth caieful technic in duodenobiliarv diamage in legard to its bacteriologic 
aspects such a large numbei of positive eultuies, as abov'e defined, aie obtained 
in biliaiv" tiact disease as to make it a mattei of legiet were vve totall}’’ to dis- 
regaid its diagnostic value and its theiapeutic application 

Aside fiom the recognition of typhoid carneis of the hepatocholangitis t 3 T)e, 
and its usefulness in the detection of a B p 3 'OC 3 'aneus hepatitis in a ease already 
repoited twice,** its usefulness in the follow ing ease, selected fiom man} similar 
ones in Group 7 of coccus infections of the Iwei and ducts, would alone justify 
its continued usage 

Case No 1920 — G B D, siiITcrtnff from recurnnij attacks of jaundice with chills, 
fever, and sweats, was forty nine vests old when I first saw him in April, 1920 His past 
history rras of importance .Vlthouph a licaltlij countn bred bov, with usual outdoor 
* activ ities, ns far back as ho can remember he had bilious attacks, accompanied bj headache, 
nausea, and v'omiting At twontj ho had an attack of severe pain in the right hjqio 
chondrium not relicv ed bj the usual measures, and accompanied bj nausea At twenty 
throe, because of supraorbital headache, blurred vision, and sleepiness after reading, his 
ejOb wore ovamined and compound hyperopic astigmatism was discovered and corrected 
with relief of these sjmptoms His evogrounds were negative At thirtj eight ho do 
V eloped inuscao rolitantes which could not be seen vnth the ophthalmoscope About this 
tiiiio he noticed tenderness in finger joints and recurrence of sciatica and lumbago, attacks 
of which ho had suffered in childhood He noticed a deep yellow stain appearing on his 
underclothes and pajamas under the armpits due to sweating Ho was then mildly jaun 
diced Over the nevt throe vears, upper abdominal sj-niptoms of indigestion became more 
pronounced, and hts weight graduallj decreased from 190 to 160 pounds and tho niuscae 
yolitantes became very troublesome In 1922, at the ago of forty five, his leucocyte count 
was 13,000, therefore, his tonsils, which contained pus and streptococci, were removed 
Hour days later he had a severe attack of tvpicnl gall stono colic S rav exanunatiou 
showed considerable ostco arthritis of tho lumbosacral region, causing linutcd lateral rota 
tion of the spine, but because tho x rajs did not rev'cal stones, operation was deferred until 
October, 1923 His gall bladder was found to be small and thickened, and to contain 25 
mulberry stones ranging from sand to pen size and one stone of olivo size The gall bladder 
and a diseased appendix were romov ed The upper abdominal incision broke down and 
drained bile copiously although the cystic duct had been secure}} ligated During this 
time he had severe nocturnal pains in the right chest and parti cularlj under the right 
shoulder blade simulating severe plcunsj, together with drenching night sweats The feces 
became clay colored, tho urine dark, and ho became tempornrily jaundiced The abdominal 
sinus drained until December when it superficially closed for five days On the fifth day 
headache, general aching, severe chills, and fever ensued and the region of the wound 
became tender It was reopened and two ounces of bloodstained bile was aspirated and 
cultured, yielding streptococci Tho wound drained for three dajs and finally closed Four 
months later headache, malaise, and tenderness over the upper right quadrant were fol 
lowed by chills and fewer (104° F ) for forty eight hours which ternunatod after a profuse 
sweat Clay stools and jaundice lasted for a week This was the first of a senes of similar 
attacks that recurred at frequent intorv als His stools w ore cultured and j'lelded a strepto 
coccus A yaccine was given but failed to influence tho attacks Ho then had his teeth 
and gums treated for pyorrhea and one infected molar was extracted It is significant 
that on one occasion within twenty Sour boars after removing tartar and cleaning the 

•See Reference 5-K, page 501 and Reference 22, page 805 



BACTrUIOLOG\ OP BILE 


593 


teeth, he dcNclopetl what was con-idcrcd catarrhal 3 aundice, and a second attack %Mthin 
tvro da% s after extracting the infected molar tooth ShortH after this tunc he came under 
mv care 

His general appearance placed him in the Incr group Hi« ■=dcrao a ere markedh 
jaundiced, his skin a ns lemon jclloa", liis lixcr a ns considcrnbU enlarged, and his spleen 
slightlv so The lan den Bergli test ga\c a dclaicd direct reaction and the quantitatiio 
hiliTubm of the hlood a as six times the normal Tlic leucocide count was 9,200 He was 
placed in the hemohtic jaundice group Bilian drainage gn\c e\ idcncc of hepatocholangitis 
aath a suspicion of a residual stone Culture Molded hemohtic streptococci only His 
tonsils had already been renioicd, and cultures from his throat, his teeth, and gums failed 
to produce streptococci, so bx inference Ins prcMous \nccinc course might haxe a hipped 
this focus aathout affecting his lixer infection 

After it became endent that biliary therapeutic drainage aith xaccincs was not con 
trolling his attacks, and the ciidencc of residual stone became more definite, ho was re 
ferred for operation in April, 1027 The common duct was found partially stneturod, be 
hind which a small stone was found and remoxed The stricture was dilated and T tube 
drainage instituted Cultures at the operating table and subsequently from the bile re 
coxered by T tube drainage xielded hcmolvtic streptococci in pure culture T tube drainage 
was continued for about sex on xxeeks and on its renioxal drainage ceased the wound 
healed, the sinus closed, and the patient has had no recurrence of chills fexer, or sweats 
accompanied by jaundice, although he has had tliree attacks (reported by telephone 
"followup” in January, 1932) of chills followed in txventx four hours bx "goutx ” mam 
festations of the great toe 

After analyzing all of the data as presented m this paper x\ e can see that 
there should he no great objection to considering that the B eoli, B typhosus, 
and B px oex aneus are not contaminants but genuine infections "What aigu- 
ment exists, theiefore, is concerned \nth the group of px'ogenic cocci In my 
opinion thej should be considered in many cases to be transplants rather than 
contaminations as illustrated in the foregoing case 
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LABORATORY METHODS IN THE TRBATJMENT OP PNEUMONIA^ 


B\ NoRMA^ Plummt r, j\r D , Ni w York, N Y 


"pNEUMONIA fiom a bacteiiologac and imnnuiologic MCM'point has been a 
deielopment of the last fiftv leais It -was not until ISSO that Pastcui and 
Steinbeig indepcndenth deseiibed the pneumococcus, and two xeais latei that 
Koch iecogni7ed the tubercle bacillus Fiankel, in 1884, suggested that the 
pneumococcus was an important etiologic agent of piieiimoina, and Y’’eichsel- 
bamn, shoitly aftei, pioiided eoiichisne eiidence of this fact by obtaining 
pneumococci fiom a numbei of postmoitem cultuies At about the same time 
that the pneumococcus was desciibed, othei bacteiia, such as the staphylococcus, 
stieptoeoccus, and Piiedlaiidei ’s bacillus wcie also being studied, and then 
morphologi’ beeonung knomi These epoclial discoieiies uere accompanied bi 
the accumulation of impoitant infoimation legaidiiig staining methods, cultiue 
media, animal pathogenicit-s , et ceteia In 1910, Neufeldt and Handel discoieied 
that although the yaiious stiains of pneumococci weie similai m moipliology, 
cultural ehaiacteristics, sugar icactions, and bile solubility they ueie im- 
munologicalh different These iniestigatois laid the foundation for a biologic 
classification of the pneumoeocn uhich uas constiucted by Dochez and Gil 
lespie when they separated the pneumococci into T-i’pes I, II, and III, and 
Group IV 

.Since the recognition of the immunologic tipes, the most important pi og- 
rc'js that has been made has been the derelopment of specific tieatment How- 
ever, there has been a gieat deal accomplished also in the bacteriologic and 
chemical studies of the pneumococcus The organism itself has been dnided 
into its yaiious chemical fractions The toxic and immune substances produced 
by these bacteria have been tire subject of numerous investigations The most 
recent noteworthy advances have been in the improvement of methods alreadv 
laiown, of these, modificatrons of sputum typing and blood culture methods 
which give moie rapid and more accurate results seem to have the greatest 
practical significance 

Upon the knowledge gamed through these modern methods of bacteriologj’ 
and immunology, a sound etiologic diagnosis of pneumonia has been established 
which changes our whole conception of this disease The mcie designation of 


•From the Second (CorneU) Medical DlMsion and the Department of Pathology of 
Bellevue Hospital and the Department of Medicine, Cornell Unhersity Medical College 
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pneumonia as lobar bioncbo, or lobnlar, 1ms great limitations m its airl to treat- 
ment prognosis, ami c\en to a general nnclcrstancling of the disease 

The importance of distinguishing between a case ot pneumococcus pneu- 
monia and one of tiibeiculous pneumonia is gencralh rccognircd, todav Neicr- 
theless such a neecssai'r difterentiation cannot alnaas be made bi purelj 
clinical means, but usually can be definite! v made mth the aid of laboratorv 
methods Neither can such diseases as hemoh-tic streptococcus pneumonia and 
Fnedlander s bacillus pneumonia be differentiated bj clinical methods and 
here, again, laboiatori proeeduies must be employed Still the prognosis and 
attempts at specific treatment in these diseases arc entireh dependent upon 
this etiologic diagnosis 

A complete bactei lologic study of each case of pneumonia including exami- 
nation and tvpmg of the sputum culturing of the blood and, uhen indicated, 
culturmg of the spinal and chest fluids, is indispensable for a thorough under- 
standing of that case At Bellemie Hospital, since 1920, a number of routine 
bacteriologic procedures hare been carried out on all cases of pulmonarr disease 
as part of an imestigatire studr, but more and more hare rre become conrunced 
of the practical significance of manv of these proeeduies At the present time 
our routine is as follorvs 

1 As soon after admission as the diagnosis of pulmonarr- disease is made, 
a sputum specimen is obtained If the patient is not expectorating, a throat 
swab is procured The specimens obtained from patients with pneumonia or 
suspected of pneumonia, are sent to the laboratorv for examination and typing 
Sputum procured from patients mth chrome pulmonarv disease is examined 
and studied mieroscopieallv hr the Ziehl-Xeelsen and dark-field methods 

2 At the same time that the sputum or swab is obtained, cultures are 
made from the blood of all patients with pneumonia, or suspected pneumonia 

3 "When the first sputum obtained from pneumonia patients has not shown 
a predommanee of Type I or Type II pneumococcus, a second specimen is 
procured in order to confirm the imtial findings If sputum specimens of 
tuberculous patients give negatire findings, other specimens are obtained, at 
regular intervals, for microscopic study 

4 When mitial blood cultures taken on pneumonia patients are positive, 
thev are repeated dailv until the procedure is no longer indicated , when nega- 
tn e, they are repeated ei ery second dav until the toxemia subsides 

5 Spmal ftoids, chest fluids, joint fluids and pus obtained from infected 
foci are obtained wheneier possible and sent to the laboratom- for baetenologie 
studv 

6 Exudate is occasionallv obtained by lung puncture and then onlv when 
the sputum or swab gives ambiguous or unsatisfactory results 

DLVGVOSIS OF PNECOIOVIA 

It has alreadv been pointed out that the real i alue of the various lahoratorv 
procedures lies in the fact that thev supplv the inlormation upon which de- 
pends the diagnosis not onlv of the condition itself, but also of its complications 
n other words, the etiologic diagnosis is based upon the laboratorv findings 
just as, m turn, the treatment is based upon the diagnosis 
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Pneumonia, like manj otliei diseases, has been classified according to 
a numhei of diffeieut sj stems, the two most important being the anatomic 
and the etiologic In the anatomic classification, pneumonia is dmded into 
lobai, bioncho, and lobular pneumonia Tins is still the most commonly ac 
eepted clinical classification, although it is not ncailj as exact, and ceitainly 
not as significant, as the etiologie one Cole has suggested the dmsion of pneu- 
monia mto acute Jobai pneumonia, piiniati atipical pneumonia, and secondary 
atiTiical pneumonia, deteinuncd piimaiilv bj the chaiaetei of the onset and 
the couise of the disease The value of tlie anatomic classification and that of 
Cole is that through clinical findings thei approximate the true etiologic 
diagnosis 

The etiologic classification of pneumonia is as follows 

1 Pneumococcus pneumonia 

A TjTie I 
B Type II 
C Type III 

D Gioup rv 

2 Hemoljdic sticptococeus pneumonia 

3 Staphylococcus pneumonia 

4 Priedlandei ’s bacillus pneumonia 

5 Bacillus influenza pneumonia 

6 Mixed infections 

7 Infections of uiiltnomi ctiologj' 

Clinically, it is impossible to differentiate the vaiious etiologic varieties of 
pneumonia Most of the pneumococcus pneumonias cause a lobar consolida- 
tion and lun a typical eouise, but anj one of the othei lands may follow the 
same course and show the same ph 3 ^sical findings On the othei hand, the 
miscellaneous vaiieties (hemoljdic stieptococcus, Piiedlander’s bacillus, etc ) 
usually run an atjTpieal couise and have the signs of bi onchopneumonia but 
thej maj^ vaij^ also Purtheimoie, theie is a great deal of oveilappmg of the 
lobar, bioncho and lobulai foims, and, likewuse, it is not ahva 3 ’’s easy to decide 
whethei the course is tniical oi atj'pical The etiologic classification, which is 
based on the infecting oiganism, is the onlj^ one that is clearlj'^ defined 

The incidence of the various etiologic types of pneumonia in a senes of 
cases at Bellevue Hospital is shown in Table I Over 95 pei cent of the eases 
weie caused by the pneumococcus, which emphasizes the importance -of this 
organism m the etiologj’- of tins disease 

It IS inteiesting to coinpaie Table I wnth Table II, which shows a senes 
of pneumonia eases in children (undei twelve leais of age) distributed accoid- 
ing to the infecting oiganism 

In Belleme Hospital, since 1920, all of the pneumococcus pneumonias in 
adults have been classified according to their immunologic tj pes, and the i esults 
may be seen in Table III A coiiesponding senes in children, over a two-year 
period, IS tabulated in Table lY 

Recently, Cooper, Ed waids, and Eosenstein leported their work on the 
separation of the Group lY pneumococci into a number of fixed tjTies The 
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I 

Bacteriolooic CL^ssiricwiON of 2,000 C^SF^ or Pnfemoma, 
BELEEIIjr IIOSPITVL, 1020 1025' 



NTMBFP or 

PEPCFNTAGF O'" 

BACTERI\ 

CVSFS 

CIDFNCE 

Pneumococcus 

1,013 

95 63 

Hemolytic streptococcus 

70 

3S 

Friedhnder’s bacillus 

8 

0 4 

Influenza bacillus 

1 

0 03 

Staphylococcus aureus 

O 

0 1 

Total 

2,000 


•Cecil R. L Baldwin H S and Larsen X P 

Lobar Pneumonia 

Arch Int, iled 40 


253 2S0 1027 


Table II 

Bacteriolooic Classification of 329 Cases of PN-EUiioxii ix Childpev, 
Bellevue Hospital, 1028 1930 


BACTERIA 

VUMBEB or 
C\SES 

PEPCEVTAGE OF 
INCIDENCE 

Pneumococcus 

308 

93 6 

Streptococcus viridans 

13 

40 

Hemolrtic streptococcus 

3 

09 

Staphylococcus 

0 

1 5 

Total 

329 



Table HI 

Ikcidexce of Pneuaiococcus Types ix Lobap Pvtuaioma of Adults Treated ik 
Bellevue Hospital, 1920 1930* 


PN-EUAIOCOCCUS 

>rcrMBEE OF 
CASES 

PERCENTAGE OF 
IN’CIDEKCE 

Type I 

1,131 

30 9 

Type n 

850 

23,2 

Type m 

434 

1L9 

Group rU 

1,247 

341 

Total 

3,662 



•This series does not Include cases admitted dunng the season of 1925-1926 


Table IT 

Incidence of Pn-euaiococcus Types ix Lobar Pxeuaioxia of Childeex Treated ix 
Bellevue Hospital, 1928 1930 


PNTrUAtOCOCCUS 

lOritBER OF 
CASES 

PERCEXTAGE OF 
INCIDENCE 

Type I 

Type U 

Type m 

Group IV 

Total 

32 

9 

10 

257 

308 

10 4 

29 

32 

83 4 
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mcldenee ol these jiew types at BellcMic Hospital, dining the reai 1928-1929, 
in both children and adults, can be seen m Table V The pieialenee of ceitam 
of the iieiv types is paitieiilaily noted in the childien’s senes 

The impoitance of an etiologic and tipe diagnosis in pneumonia cannot he 
too stiongh" stiessed Such a diagnosis is ieall> essential to the admiiiistiation 
of specific tieatmcnt on a lational basis Pintheimoie, by hnoying what is 
the infecting oiganisni the doctor has a kei to piobable complications, and 
moie definite data foi Ins piognosis, in shoit, he is equipped yith a much 
bettei general scientific undei standing of the case 

Tabut V 


I^CIDE^CE OF TiPES IV PSEUMOMq BELLEVUE HOSPITAL 
Adult Cases, 'Ko\ 1, 1028 to SO, 1020 
Children’s Cists, Mot 1, 1028 to April SO, 1020 


PNElOtOCOCCUS 

ADULTS 

CHILDREN 

\uarnER or 

CASES 

PFRCFVTAGF OF 

I\CIDF\CE 

NUAIRER OF 

CASES 

FERCENTAOE OF 
IVCIDENCE 

Tipe I 

75 

181 

14 

95 

Tvpe II 

140 

33 7 

3 

20 

Trpe HI 

31 

7 5 

3 

20 

Tvpc IV 

17 

41 

4 

27 

Ti-pe V 

32 

7 7 

9 

61 

Tipe n 

7 

1 7 

19 

12 9 

Tvpe vn 

16 

39 

5 

34 

Tvpc VIII 

3 

07 

1 

07 

Tvpe IX 

0 

14 

1 

G 

41 

Tvpes X,XI,Xn,XIII 

8 

19 

3 

20 

Unclassified 

72 

17 3 

73 

49 7 

No Pneumococci 

i « 

19 

7 

48 

Total 

415 

147 


EXAMINVTION OF THE SPUTUM 

In all tjpes of pulmonaiy disease, the sputum is the image of the pxocess 
ill the lung, but a caieful esamniation of this image is lequned and the findings 
must be accuiately mteipieted to be of ant value In a small percentage of 
pneumonia patients no sputum is pioeurable In such eases a throat swab may 
give the same lesults Prom oux viewpoint, the baeteiiologic examination of 
the sputum is the most impoitant, but the histologic findings aie also significant, 
particular! j in certain torms of pulmonaiy disease If the sputum of patients 
with diseases of the lung is carefulh and lepeatedlj examined there aie sui- 
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prisingh lew instances in which it does not disclose the inlccting oiganism 
and g^^e a good cine to the piocess existing in the lung 

A gieat deal ot caie should he taken in obtaining specimens of sputum for 
examination The essential points aic to obtain a specimen fiom the dccpci 
air-passages fice from sain a, and to collect it in a steiile container such as 
can he casih handled, and will he comement for caieful gross examination 
In a hospital it is most satlsfactor^ to collect the sputum in a sterile Petii 
dish The patient is diicctcd to use the dish onh when the sputum is ex- 
pectoiated fiom the lung If the patient has not raised the leciuired sputum 
of his oivn accoid, within one oi two houis he is asked to cough deepli once 
or twice, while Inng on his normal side and if this is not cffcctne a throat 
swab IS pioeured The specimen should he sent to the lahoratois as soon after 
collection as possible In ease of delac , it should be kept in an ice box or re- 
frigeiator until it can be examined 

The gloss appearance of the sputum is cxtremelv impoitant and fiecjucntlv 
IS an imaluahle factoi in the clinical findings Examination should he made 
with a consideration of the follomng 

1 Amount 

2 Consistency waten tenacious, mucoid, mucopui ulent, purulent num- 
mular, bloodv 

3 Color colorless, rustv (prune- 3 mce), bloodA (fresh blood), a ellow green, 
brown, black, white, bile eoloied 

4 Odor odorless, mustv, sweetish, foul 

5 Pariieulate material caseous particles, foreign bodies, casts, pneumoliths 
broncholiths, Curschmann’s s-pirals 

A pneumococcus pneumonia usualh produces a characteristic rustr (prune- 
jnice), tenacious sputum. Earlv in the disease, it mar be franklv bloody and 
m the later stages, as resolution progresses, it may become mucopurulent or 
oecasionallr purulent It is not possible to distinguish the ranous tr-pes of 
pneumonia bA the gross appearance of the sputum alone In sdreptococcus 
pneumonia the sputum is characteristicallA greenish, and purulent, in 
staphylococcus pneumonia it is Aellorvish and purulent, m Friedlander’s bacil- 
lus pneumonia it is extremely tenacious 

Microscopic examination of direct films of the sputum is an important 
procedure and should always be included in the laboratoiw routine Direct 
films are best made in the folloAving Avav A small particle of the sputum to 
be examined is placed on the right-hand third of a clean slide Avhieh is held 
in the left hand, and another slide is placed orer the sputum. The slides 
aie then pulled apart, leaAung a film of sputum on the opposing surfaces Im- 
mediateh, both slides are rvarmed, carefulh, orer a Bunsen flame, and at the 
same time, the surfaces coAered with sputum are scraped together until the 
slides hare the appearance ot ground glass In this manner an eren film is 
insured 

The films are stained hr- the Gram or Ziehl-Xeelsen method The micro- 
scopic study of sputum supplies information regarding the cellular structure 
of the specimen and thereby gires some indication of its source Of chief 
significance is the information which these studies gne regarding the pie- 
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dominance and natuie of the organisms piesent Aeid-fast oiganisms aie readily 
disting^iished b'v the Ziehl-Neelsen method The pneumococci and other pjogenic 
oiganisms aie best shown by the Gram stain Bi tlie lattei method the capsules 
of the pneumococcus aie oecasionalh detected Howevci, wlien a moie careful 
examination of the capsule is lequiied. Hiss’s coppci sidphate method is an 
excellent one to employ In some cases the T%pe III pneumococcus is definitely 
identified because of its chaiaeteiistieally laige capsules Gentian iiolet stain 
IS effeetiye foi the dcmonstiatiou of fusospiiochetal oiganisms and is recom- 
mended for the examination of sputum fiom patients with lung abscess and 
bronchiectasis 


SPUTUM TAPING 

The puipose of typing the sputum is to sepaiate the pneumococci into their 
yaiious immunologic gioups, m oidci to complete tlie etiologie diagnosis This 
ti^pe diagnosis has yalue in piognosticating, but is e\en moie yaluable in out- 
lining specific theiapi Pneumococcus immune seium is type specific It is 
lequiied of serum theiapy that the piepaiation used should contain antibodies 
against the particulai t 3 ’’pe causing the infection, and it is equallj’' impoi'tant 
that it be administeied as eailj- as possible in the couise of the disease AVith 
these facts in mind, it is leadilj undcistood that tlie essentials of typing aie 
accuiacy, lapiditi, and efficiency 

In lecent jeais, at Belleiue Hospital, a pioceduie has been adopted in 
which ceitaiu featuies of a numbei of accepted methods of tiqiiug are em- 
ployed This pioceduie is based, inimarilj, on the use of the mouse foi cul- 
turing the pneumococcus and sepaiating it fiom the yarious noimal mouth 
oiganisms, and also upon the utilization of the agglutination and piecipitation 
phenomena which oecui when the specific immune serum is added to a grondh 
of pneumococci This combination method is earned out in the following 
manner 

The sputum to be examined is collected in a steiile Petii dish and sent to 
the laboiatory The gross appeal ance is carefully noted and desciibed, and 
the necessary films aie piepared 

The covei of the Petii dish is removed and inieited The sputum is 
washed in 2 to 5 cc of steiile phj'siologic saline solution, in order to fiee it 
from saliva and mouth contaminants A small portion of the sputum, about 

1 cm in diameter, is selected and transferied to the Petri dish coiei, into which 

2 c c of the phj’-siologic saline has been pom ed The sputum is then emulsi- 
fied, fiist by whipping it with a small applicator, and tlien by foicing it tlirough 
a sterile 2 cc Luer syiiiige, seveial tunes 'When the mixture is thoioughly 
emulsified, fiom 0 5 to 1 c c is retained in the sjwinge, for mouse inoculation 
A white mouse, of good bleed, of eithei sex, weighing from 18 to 22 grams, is 
used The injection is made intrapeiitoneally, pieferably diiecting the needle 
through the muscles of the thigh and thence to the abdomen, the site of the 
injection having been eai efully sterilized with 95 pei cent alcohol 

When sputum is not available, a throat swab is piocured bj”" stieaking the 
posteiior pharjmx with a cotton applicator seieial times oi until the patient 
coughs The swab is cultured for two hours at 37° C in 3 e c of beef -heart 



LABORATORY AILTHODS IN' TRrYTMENT OF PNELASON'IA bUi 

mfusion broth, Pu 7 8, to Yvhicli 015 cc of dcfibnnatod blood has been added 
At the end of this time 1 c c ot the culture is iinected intiaperitoneallv into 
a mouse, and the pneuinococcus tc-ping is cairied out in the same manner as 
■when sputum is used foi the examination 

If the specimen of sputum is sufficient in amount and of the characteristic 
pneumonia tY’pc, the Ixruiiiu lede method ot t\ping is earned out This method 
is here desciibed 


KRUAIWUEDF RYPID PKFUXIOCOCCUS TYPING 

A portion of sputum (5 to 10 ce ) is placed in a 13 cc centrifuge tube 
The tube is set in boiling y\ ater for three to fi\e minutes to coagulate the albumi- 
nous portion and to free the soluble substance If the quantitj of clear, super- 
natant fluid Yvhich contains the soluble substance is suffieient to complete a 
precipitation test intli the ti-pe specific antipneiimocoeeus serum it is desirable 
to use it in Its undiluted form In case the cpiantiti is not sufficient (is less 
than 0 6 c c ) it is neeessarj to add a suffieient amount of pliY'siologic saline 
(not more than 0 5 c c ) in order to complete the test If too much saline is 
added, the soluble substance nhich is produced in lariable quantities by the 
different types of pneumococci may be so diluted as to pi event a positive reac- 
tion If saline is added, the tube is again placed in boiling water, and is stirred 
occasionaUr, for two minutes, m older to completely extiact the soluble sub- 
stance The tube is then centrifuged at a high rate for ten to fifteen minutes 
The supernatant fluid is remoied from the tube and is lai'ered, m amounts of 
about 0 2 c c , on equal volumes of undiluted diagnostic serums contained m 
small culture tubes A test is positne when a precipitation ring forms between 
the two layers The tubes used must be clean and perfectlj' transparent, be- 
cause the precipitation ring is difficult to distmguish In order to confirm 
the results of the ring test, the tube is shaken and incubated for fifteen min- 
utes at 37° C At the end of this tune, in ease of a positne finding, a fine 
white flocculation is noted The success of this method depends upon (a) obtam- 
mg from the patient an ample specimen of pneumonia sputum expectorated 
from the deeper air passages and (b) the dehcacy of the technic emploxed In 
competent hands, this method gnes verj- accurate results The principle dis- 
adi antage is that it can be used in only about 25 per cent of pneumonia eases 
3Vhen this method is impracticable, or gixes negatne results, the Sabin rapid 
method of typing is earned out 

SLIDE AGGLLTINATION TYPING OF S IBIN 

“Prom three to four hours after the mjection of the mouse, some of the 
peritoneal fluid is obtained bi puncture with a glass capillarj' A glass slide 
IS marked off mto four paits, and a minute drop of the pentoneal fluid is ex- 
pelled on each one of the four partitions The first is smeared -with saline for 
^ntrol, and the others Yvith a loopful of 1 10 dilution of Type I and of 

T^ell, andal 5 dilution of Tvpe III diagnostic serums respeetnelv These 
dilutions of serum are chosen laigelv to ebmmate group afralntinins The 
smears are made thin, alloued to drv, and fixed by passing the" slide through a 
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flame, they aie then stained fiom twenty to thutj" seconds with a fuchsm 
solution (10 cc satiuated alcoholic solution of basic fuchsm plus 90 cc of 
watei) 01 any othei available stain The stain is washed off in yatei oi 20 
pel cent copper sulpliate solution, and the smeais aie examined mtli the oil 
immeision lens If a specific agglutination leaetion is obsei\ed in one of the 
smeais yith diagnostic serum, the oiganism is of that tj^pc If no leaction 
oecuis in aiij oi the smeais, and minieious pneumococci aie cleailj seen, a 
diagnosis of Gioup IV is suggested AVhen it is dcsiied to knou nhethci 
the oiganism is one of the fixed txpes of Group IV (especially those foi which 
conecntiated antiseiums aie axailablc), a similai pioceduie is earned out with 
the eoiiespondiiig diagnostic seiums Bacteiia in tlic sputum yhich aie not 
pneumococci as nell as aMiuIent foims of pneiimocoeei mai oecui in clumps in 
the peiitoneal exudate, but these diffci in appeaianee fiom those produced by 
specific agglutination, thci can be distinguished further bx then oecui lence 
in the saline eontiol smeai as yell Unless a ficsh sample of sputum is used, 
many of the organisms mil haxc undeigone autohsis, and theieioie moie time 
must be allowed foi giowili Since the mouse is not killed, another typing can 
be done if the fiist one should show insufficient oiganisms, and aftei death of 
the mouse, the type max be eonfii med In the case of Tj pe III, sufficient organ- 
isms aie usuallx piesent eyen txvo houis aftei iiiiection The appeaianee of 
the specific leaction xnth Tx'pe III diffeis somcxvhat from that obtained xvith 
other types of pneumococci, primaiilj on account of the laigei size of the 
capsule, the organisms are fuither apait in the agglutinated clumps xvhieh 
oceui in mucoid stiands ” 

If a positix'c finding has not been obtained by eithei the Kiummede oi 
the Sabin method of tjpmg, aftei the mouse has died, the macioscopic agglutina- 
tion and precipitation tests aie earned out on the peiitoneal exudate in the 
following mannei 

The peritoneal caxuty is opened xntli steiile piecantions, and a eiiltme is 
made bx’ stieaking some of the exudate on a blood agai plate by means of a 
platinum loop At the same time, films aie made from the exudate Next, 
the peiitoneal exudate is xvashed with 5 cc of steiile saline solution bx' means 
of a sterilized glass diopper The washings aie placed in a steiile centiifuge 
tube Before the bodj^ of the mouse is discarded the thoiax is opened and a 
blood agar plate is stieaked xvith a loopful of the heait’s blood 

TjTiing IS continued bx^ eentiifuging the peiitoneal xvashings, fiist, at a 
low speed, in older to thiow domi the cells and fibiin, and then, after tians- 
iernng the supernatant fluid to anothei sterile centiifuge tube, at a high speed, 
in Older to separate the organisms After this proeeduie, the supernatant 
fluid IS tiansfeiied to a tube to be used foi the piecipitin test The bacterial 
sediment is resuspended in about to 2 to 3 c c of noimial saline solution, a suffi- 
cient quantity being used to give the appeaianee of an eighteen-houi bioth 
cultuie of piieumoeoceus This bacterial suspension is used for the agglutina- 
tion test 

For these tests small cultuie tubes (3 by %) are aiianged in two rows 
in racks for placing in the xvatei-bath One loxv of tubes is used for the 
agglutination test and the othei, for the pieeipitation test For the foimer, 0 2 
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cc o£ a 1 10 clihition of cadi tli.miiostjc seium is traiisfen cd to the tubes Mitli 
alee pipette For the lattei, the same procedure is earned out using undi- 
luted diagnostic serum 

The bacterial suspension is used foi the .igErlutination test, and the centri- 
tiurcd supcniataiit fluid is used for the piecipitation test, for both 0_ e c 
amounts are added to the tubes alreadi arranued Tbe tubes are then incubated 
foi tiio liouis 111 a uatci-bath, at 3(° C or foi tiio houi’s at 56° G At the end 
of this time the tubes aie eaicfulh examined foi clumping and flocculation, 
indicatne of the specific tvpe 

Confirmation of Tijpr — The t\pe obtained b\ am ot the aforesaid methods 
IS confirmed bv t^'plng the pneumococci cultured from the heait s blood of the 
mouse Alter stieabing the blood agar plate with the heart s blood, at the 
time of the mouse autopsv, the plate is incubated for eighteen to twenti-four 
hours at 37° C At the end of this time a discrete colom of pneumococci is 
transfeiTed, with a platinum loop to 9 c e of beef-heart intusion broth con- 
tainmg 5 per cent of defibrinated blood This culture is incubated for twehe 
to twentv-tour hours and then 0 5 c c ot it is added to 9 c c of plain broth, and, 
again, incubated for the same length of time This broth cultuie of pneumococci 
IS tvped bv the agglutination method outlined abo\e and at the ‘-ame time, the 
organisms are tested foi bile solubilitv bi adding 0 3 c c of the cultuie to 0 1 e c 
of uhole ox bile A solution of puie sodium desoxj'cholate one part to 500 parts 
of culture mac be used instead of the whole bile This method of tiTung giies 
exccedmglr accurate results which aie laluable m confinning those obtained bv 
the more rapid methods 


BLOOD CULTURES IN' PXEUMOXIA 

The taking of blood cultures in pneumonia is an important diagnostic and 
prognostic procedure The etiologic diagnosis is usually first made bv the 
sputum tvping Howei er, finding the same oi ganism m the blood is important 
confirmatorv eiidence Perhaps, eien more significant fiom a diagnostic point 
of Mew, is the lalue of this pioceduie in recognizing complications of pneumonia 
Of these complications, septicemia is one of the most frequent Manv of the 
others, such as menmgitis endocarditis, and pericarditis occur as sequelae of 
the septic condition rather than of the pneumonia itselt In prognosis the 
determination of the degree of septicemia is moie elucidating than the mere 
discoien of its presence 

The mortalitv in pneumonia patients whose blood contains more than 100 
organisms per cubic centimeter is practicallv 100 per cent On the other hand 
the outlook is bv no means hopeless in the presence ot onlv a few organisms 
particularh when found eailv in the disease 

Blood cultures are best made at the patient s bedside Three cubic centi- 
meters of blood IS 1 emoi ed, under sterile precautions, with a 5 e c svringe Of 
this, 1 c c IS inoculated into 9 c e of plain broth and the remaining 2 c e is 
used for tuo agar pour plates These cultures are then sent to the laboratorv 
aiid incubated, at 37° C , for tnenty-four hours At the end of this time, the 
colonies on each plate are counted and the broth is typed bv the agglutination 
method, as described aboie care being taken to preient shaking of the tube 
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before the suspension is lemoved Negative cultures aie allowed to lemain in 
the incubatoi foi four da-\s befoie the final lepoit is given, and the tubes 
and plates aie diseaided 

CHEST ELUID, SPINAL FLUID, ^VND JOINT FLUID CULTURES IN PNFUJIONLV 

Empyema, meningitis, and septic aithiitis are not laie complications of 
pneumonia, paiticulaily following pneumococeemia AVlienevei fliud is removed 
from the chest, spinal canal, oi joint, it should be submitted to careful bac- 
tenologie study The appeal ance of these fluids is usually sufficient to diag- 
nose the paiticulai complication Iloveier, knowing the numbei and lariety 
of oiganisms piesent gnes additional significant infoimation, paiticularlv in 
confiimmg the lesults of the original tjping 

The bacteiiologic study of the fluids should be complete It is well, first 
of all, to make films and stain them by the Gram method The flnid should be 
stieaked on a blood agai plate and 0 5 to 1 cc injected into a mouse The 
pneumococci aie typed fiom discrete colonies on the plate oi from the mouse 
exudate, in the mannei desciibed under spntnm t\ping A\nien pneumococci 
aie piesent in laige numbers in any of the body fluids they may be typed 
diiectly by the Sabin sbde agglutination method 

COMMENT 

Perhaps the greatest advance in the piactical laboiatoiy procedure m pneu- 
monia yntlun the last few leais has been in the modification of bacteriologic 
methods to gne more accurate and moie lapid results The use of the Sabin 
lapid method of typing makes it possible to obtain an accmate type diagnosis 
on the day the patient is fiist seen (bcfoie its adoption, theie was always a 
delay of from eighteen to tAvent^-foul horns) The chief piactical advantage 
of this rapid typmg is that a type diagnosis can be made as a pieliminarv to 
the consideration of specific therapy 

In the early days of seium theiapy, one ot the majoi criticisms was that 
a large numbei of patients weie subjected to the incom enience and expense 
of seium injections and later weie shown to have a type of infection that was 
not compatible with the serum administered In addition to the impiovements 
in typing, there have also been improvements in blood culture methods For 
instance, it has been found a distinct advantage to withdraw a small amount 
of blood, such as 3 c c , for which a small needle and a small syimge are 
adequate With skillful technic this opeiation causes piactically no discomfoit 
to the patient, and if lepeated at regular mteivals becomes one of the most 
valuable aids in prognosis 

Shoitly aftei Sabin described his lapid method of typing, other investi- 
gatois reported modifications which in then ovm hands gave compaiable re- 
sults Armstrong suggests the examination of an unmixed and unstained mix- 
ture of mouse exudate and diagnostic serum in oidei to observe the agglutina- 
tion of the oiganisms Calder uses the hanging-di op method and a \ibiating 
machine which he has deiised in order to obtain definite and lapid agglutina- 
tion Each of these three methods is dependent upon finding a sufficient num- 
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ber of organisms in the peritoneal OMulate Hence, the\ are all nnsatisfactorj' 
m certain cases The most impoitant factoi in the operation is e\peiiencc ivith 
the method used 

Dunini the past fen leai-s, pneumonia has been the subject of e\tensi\e 
ml estmation, but most of the disco\ cries ll^l^e not Act reached the stage of 
practical snniifieancc Perhaps the most impoitant adiance toward the solu- 
tion of this problem has been the chemical tractionation of the pneumococcus 
This infoimation has recenth been applied In A\er\ and Dubos to the deielop- 
ment of an enzmie which splits the carbohydrate fi action of the Type III 
pneumococcus, and bA so doing destroys the tOMCitv of this organism Already 
these scientists hai e been able to protect mice against the Ti'pe III pneu- 
mococcus infection, and it is probable that this agent mil be of \alue in the 
treatment of pneumonia 

The artificial transmutation ot types is anothei achieiement of recent \ears 
Griffith and Dawson liaie desciibed methods ot transforming pneumococci from 
one type to another, both in aiao and in Autro These discoA erics add a great 
deal to our knoAiledge of the pneumococcus and the infection which it pro- 
duces At present, howcAer, aac liaAe no realization of their ultimate value 

The dcA elopment of the modeni treatment of pneumonia has passed through 
various stages The first might be called the prebactenologic era, the second, 
the pretiTimg, the thud, the pierapid tvping, and the fourth, that of the 
present day Teiy few doctors are now practicing m the prebactenologic era, 
but an isolated ease occasionally comes to our notice For example, a certain 
patient is knoAATi to hare been treated as haAung lobar pneumonia, followed by 
delajed resolution, and after six weeks of care at home, surrounded bA children, 
the consultant discovered numerous tubercle bacilli m the sTiutum This un- 
fortunate patient certainh- was handled according to prebactenologic methods 
The majority of pneumonia patients today are not given the benefit of 
tA-ping even when the adAantages of type diagnosis are so s-triking, as showm 
bv the following example Two pneumonia patients mth the same amount 
of lung invohement and the same degree of toxemia are seen late in their in- 
fection Assume that one is a Type I, mth a negatne blood culture, and the 
other, a Tj-pe III, -with a positiAe blood culture The Tvpe HI patient Avdl 
almost certainly die the Tipe I has a good prognosis, and, if given the benefit 
of an efficient therapeutic agent, such as concentrated serum aviII almost cer- 
tainly leeoAer 

In the up-to-date management of pneumonia, the sputum should be care- 
fully examined and rapidlv typed as a guide to prognosis and to insure the 
prompt administration of serum in types in which it has been found efficacious 
Blood cultures and other laboratoiw- procedures should be instituted in order 
to recognize early the presence of septicemia and other complications In short 
it IS CAudent that the modem treatment of pneumonia is dependent upon the 
utilization of the latest bactenologic and immunologic methods 
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EDITORIAL 


The Symposium 

A symposium on clinical bacteiiology is of particiilai significance and value 
at the piesent time when the news dispatches in featuiing the discoveiies in 
the field of medical bacteriologj^ aie usually guiltj’^ of a hyperbole The pi ess 
when using such desciiptive statements as "The most important step in 
medical bacteiiology since Pastern ”, "Tins discoveiv ovei throws all oi the 
well-founded tenets of this branch of the natural sciences”, ad nauseam, is 
only too fiequently repeating the hopes of the workei rathei than an evaluation 
of the data by the investigator’s peers 

Such projected achievements as "The steiilization of a city wmter supplj 
by the occasional addition of a test tube full of a tinj'’ destroyei of geims, tbe 
bacteriophage,” may erase for a moment fiom the minds of the public health 
W'orkers the woiries of swimming pool control, but the statement "The invisi- 
ble virus of encephalitis is ever piesent among ns as the vnsible hay bacillus,” 
only causes consternation in the lanks Again one leads "The causative agent 
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of iiiflueD 7 n IS casiK unmasked by a diet of bog s intestine, uhieh is all the 
moie confusing uhen the leader remembers an announcement of a short time 
before, “The agent of influcn7a masquciades as a pleomorphic stieptococcus ” 

The effect of such bombastic circumlocutions, ■which ordinarih in due 
course of time proie to be plain ihctorie, on the public and the routine labora- 
ton technician cannot be oiei estimated The former ^^suallzes the sudden 
conquest of all the afflictions of mankind iihile the latter onh too often begins 
to doubt the lalue of the tried and true procedures and attaches a subterfuge 
for all uncertainties and failures 

Recent investigations on life e\cles mutation, dissociation Mrus stages, 
sexual reproduction, filterable forms etc , in bacteria are of extreme academic 
interest but their significance must be thoroughlv understood and their influ- 
ence on diagnostic technic earefullv demonstrated before the\’ are introduced 
into routine methods, lest pandemonium result To insist on a demonstration 
of value IS often extremelv irritating to the exponent of a new theorj’ and 
some accept to follow lest the exponent hurl the facile sentimentality, “The 
nature of vour background and training incapacitates you for sj'mpathy "with 
modern and progiessne thought,” when as is usualh the case, the poor worker 
onlv happens to be one of those unbiased readers who calmly surveying the 
evidence is astounded perhaps more by the easv saltations in the enthusiast’s 
judgment and interpretation than in the bacterial form or phenomenon he is 
describing 

It IS a pleasure on perusing the various contributions, so finely diversified, 
to find the cautious interpretations placed on the results of the separate pro- 
cedures bv the several writers, authorities in their o-wn fields, vet the confidence 
in the results when the methods are earefullv followed 

SI H S 


Program of the International Congress on Asthma 
At Mont-Dore, France 
June 4 and 5, 1932 

1 Evolution of Our Knowledge of Asthma — Fernand Bezancon 

2 Pathological Physiology of the Asthmatic Crisis — Abrami 

3 Anaphylaxis in Asthma — P Vallery-Radot 

4 Xervous Factor m Asthma — Etienne Bernard 

5 The Ln er and the Endocrine Svstem in Asthma — Cordier 

6 Etiologv and Pathology in the Treatment of Bacterial Asthma — Haibe 

I The Role of the Nasal Ganglion m the Production of Asthma — ^Halphen 

8 Respiratory Equivalents of Asthma — Bourgeois 

9 IMorbid Relationships of Asthma — ^Andre Jacquelin 

10 Etiologv, Pathogenesis in Tieatment of Infantile Asthma— Lesne 

II Diagnostic Signs and Evolution of Infantile Asthma — ^Pehu 

12 Treatment of the Asthmatic Crisis — Joltrain 

13 Treatment of the Asthmatic Terraine — ^Lueien De Gennes 
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14 Hydio-Miiieial Ticaiment oi Asthma — and Besaneon 

15 Phjsiotlieiapj in Astlnna — ^Biancani 

16 Surgical Treatment o± Asthma — ^Tjeiichc and Fontaine 

17 Mont-Doie and Astlnna — J Galnp 

The above contributions aie iiom among tlie leading French pbjsicians 
inteicsted in asthma The following aie on the piogiam as lepiesentatives of 
foieigii countiies 

Professoi Pransmtr (Geimanj ) 

Mae Dow all (England) 

Clementino Fraga (Biayil) 

Maiiano Castex (Aigentina) 

Mai anon (Spam) 

Longcope (United States) 

Stoim Van Lceuwen (Holland) 

Fiugoiu (Italy) 

Damelopoln (Roumania) 

Inquiiies and communications should be dueeted to the Secietaiy Geneial 
of The International Congiess on Asthma, Di J Galiip, 19 Rue Auber, Pans, 
Fiance 


Erratum 

Thiough an eiioi in malvo-up, abstiact mateiial that had been pieiiouslj 
published was icpimted in the Febiuaiy issue 
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that he does not e^iiectoiate is accept ed ivitli facile aeqiueseciicc, although the 
patient — fiequentlv haidly initiated in the customs and pailanee of things medi- 
cal — ^is ivholly ignoiaiit of the meaning and the clinical significance of such teinis 
as “sputum” and “ e\pcctoration ” A simple and patient insti action — if need 
be in the veinaculai lathci than in medical tenns — %\ill often be pioduetive of 
ample specimens the souiccs of nhich the patient had been quite unanaie The 
patient must and mil leain to difterentiate betucen tine sputum and naso- 
phaijngeal diippiiigs and saliva, and he can be educated to avoid sending along 
mth Ills sputum such foreign bodies as aic of no medical inteiest In manj in- 
stances it IS neccssaij to haie sputum collected ovci a number of dais 

In young childien, it is iisuallv impossible to obtain sputum Tubercle 
bacilli mai, houever, be found in smeais fiom phaiinx, tonsils, or laiynx, in 
feces and in gastiic contents The gastiic contents, piefciably collected in the 
morning befoie bieakfast, bi gastiic lavage, aie tieated by concent i ation meth- 
ods esacth in the same mannei as sputum (Aimand Delillc and Vibert") 

The methods foi demonstiating tubeiele bacilli in feces aie essentiaUj' the 
same as those foi sputum, discussed latei Animal inoculation should be used 
^^hene^el diieet smeais shou no bacilli, since eulfuial methods aic somewhat 
less successful v ith stools than with sputum 

2 PREPAB VTION OP DIRPCT SMEARS 

In e'\ciy complete sputum repoit, the gioss appeaiance of the specimen 
should be mentioned Although theie is no sputum chaiacteiistic m its gioss 
appeaiance toi tuberculosis, the natuic of a specimen may fiequentlv foim an 
impoitaut link in the clinical evidence, diagnostically oi piognostically Anv 
special gioss featuie of the sputum should be caiefuUy lepoited lajei foima- 
tion, especiallj in association mth basal lesions, is of gieat diagnostic signifi- 
cance The relatuc amount of jius, as seen macioscopically, must be noted Jliieh 
pus in the absence of tubeiele bacilli thions the ueight against pulraonaiy tubei- 
eulosis, heie again coi relation with clinical and loentgenologic findings goes a 
long way ton aid establishing a diagnosis When the diagnosis of pulmonaij 
tubeieulosis is established, fluctuations in the lelative amount of pus aie piog- 
nostieally significant And may it be emphasized heie, that in pulmonaij’^ tuber- 
culosis one need not search foi the socalled piogenic oigamsms to explain the 
presence of pus in the sputum, the tubercle bacillus is itself a pyogenic or- 
ganism Socalled “secondary infection” plajs undoubtedly an insignificant 
role A tiue secondaij'- infection of the tissue is exceedingl3 rare, uhile sec- 
ondaiy infection of the nccioiic contents of cavities is common, but apparently 
without cbnieal significance Wide emphasizing the often neglected need of 
reporting the gross appeaiance of sputum, it should be lemembeied that no de- 
sciiption can substitute for the visual impiession that the clinician should in- 
sist upon piocuring foi himself at fiequent intervals For the laboratory it 
must be emphasized again and again, that anv kind of sputum maj’^ contain 
tubercle bacilh, be it evei so small in amount, oi be it eiei so “innocent-look- 
ing,” vateij' deal, like saliva Theiefoie no specimen may evei be discharged 
without caieful bacteriologie study Occasionallj' patients with the clinical evi- 
dence of pulmonaij^ tubeieulosis aie seen who produce piactically no sputum, 
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but AAbo baAC ail occasional lieinoiilianrc In such eases tlic o\pector.itoa blood 
should be examined foi bacilli, tlic search uill be successful in a number of 
instances The amount of tMcntA-foiii-bom speciinens should be icportcd In 
Height and not bv lolunie 

Tt IS a good rule to stait eieii sputum examination luth a stiidv of a fresh 
unstained snieai This max not be feasible ulieie a large xolume of routine uorh 
has to be done Since the lesults of fiesh smeai studies are chiefli of impoitance 
in nontuberciiloiis piilnionarx disease these findings Mill not be discussed here 
\Mth the exception of the deiiionstration of clastic fibers Although special meth- 
ods for their demonstiatioii aie adiocated thex can casilx be found in the fiesh 
unstained smear The piesciicc of elastic fibeis indicates destruction of pul- 
niouarx tissue regardless of the etiologic agent If thex are present in sputum 
111 xvhicli careful complete and lepcated studies fail to demonstrate tubercle 
bacilli the probabilitx- is x civ gicat that tuberculosis is not the cause of the de- 
“dructix e pulmoiiarx lesion 

In preparing smears for the detection of tubercle bacilli three points fre- 
qnentlx neglected aie particularlx impoitant 

1 Select Mith utmost caie a particle of sputum 

2 Make thin and exen smears 

3 Make a x erv light counterstam 


Point 1 If this step is peifoimed xnth care and understanding a great 
deal of time xvill be saxed Since bacilli are not exenlx- distributed but are 
massed together in purulent or cheesx' particles, such particles must be selected 
for examination If the specimen is spread out in a Petri dish and xueived 
against a black background the pioper selection of particles becomes an easv 
matter 

Point 2 Unless tins precaution is taken, decolonzation is difScnlt and 
bacilli may remain bidden under cellular or mucoid material 

Point 3 It IS my experience that this rule is most frequently xuolated not 
onlv by pseudotechnieians, but bx' expert xrorkers too, and bv competent text- 
books Loeffier s methylene blue, diluted xxith xvater 1 SO and applied for five 
to ten seconds gix es a sufficientiv distinct counterstam xvithout obseunn<r tubercle 
bacilli 

A brief discussion of stains for tubercle baeiUi folloxvs 
Badeual Stains — ^^lost methods use basic fuchsin Hermanns advocated 
crvstal xnolet, and bis method is indeed verv satisfactorx- for tissue stains but 

It has no apparent adx antages over the time-honored fuchsin stains for sputum 
smears 


'Mordants —The most commonlv used mordant is carbohe acid In Herman s 
method ammonium carbonate is substituted 

DccoJotunig A(/ents — The most satisfactorx' decolorizing agent is a 3 per 
cent solution of eoneentiated hx-drochlorie acid m 95 per cent alcohol ATtnc 
acid Mhich IS advocated m a number of methods is less satisfartorv because 
races of nitrous acid max- decolorize tubercle bacilli (Krause quoted bv VillisI 

loisTarntmT’ T " decolonzation and coun- 

nin^ agent in one solution This procedure although somexvhat speedier 
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cauuot be i ecominendecl because the pioccss of decoloii/atioii lannot be con- 
tiolled piojieilj Koiineli-® ledueed the Juehsui to its coloiless teucobase by 
the use of sodium sulpliite This method lias adiaiitages utieii, foi some lea 
sons, alcohol is difficult to obtain, but it is soniewliat moie cumbeisome since the 
sodium sulphite solution must ahia\s be fieshb piepaied 

Coiinteisfaiv — ^Methjlcne blue, as used in the Zichl-Neelsen method is quite 
satisfictoir because it pioduees sliaip definition and good contiast It should, 
as am othei countei stain be used in such a dilution, as to stain the cells only a 
faint blue If the countei stain is ajiplied too lieaMlj tubeicle bacilli mai be 
obsciiied by it, and cicn if this be not the case the bacilli aie much less leadily 
seen Spenglei''® achiscd piciic acid as countei slam Since, honeiei, picric 
acid pioduees only a veiy faint yellonish baehgiound without dcfinitelv out- 
lining the ccllulai elements, the e)e fatigues much moie qiiicldv examining slides 
stained bi this method A fiiithei disadiantage of this method is the fact that it 
does not enable the obseivci to leeognize cellulai elements and othei bacteiia 
Biilliant green, m piopci dilution, is as good a countei stain as metlnlene blue 
The liteiatuie on stains foi tubeicle bacilli is immense, new methods and 
modifications ha\e been aclioeated ad infinitum, but it is a highlj significant fact 
that wlieneier compaiatne studies aic made, the Zichl-N'eelsen method, inth or 
without minoi modifications, lemains victoiious as on accuiate and simple 
method (See foi example Coipei, 1926 ) Inquiring in many laboi atones, one 
finds that the fast majoiitj of them uses the Zielil-Neelsen method, although 
many haie, as has the authoi, giien fan tiials to othei methods A lecent modi 
fication seems to have slight tliough definite advantages in oiii experience, with- 
out complicating the pioceduie This is Coopei ’s modification which yields 
excellently defined pieparations 

The oiignial Ziehl-Neelseii method, with lathei insignificant deviations in 
the piepaiation of the staming solution and Coopei ’s modification, follow 
I 2tc/il Neclscn 

1 Saturated solution of basic fuclisin 

Basie fuchsm 2 0 c c 

Alcohol, 95 per cent 100 0 c e 

2 Carbolfuclisin solution 

Saturated solution of basic fuclisin 10 0 c c 

C irbolie acid, aqueous 3 per cent 90 0 c c 

Steam three minutes, wash, decolorize in 2 5 c c hjdiochloric acid plus 97 5 c c 95 per 
cent alcohol Wash, counterstain with LocOlcr s nietlijlone blue diluted ivitli water 1 80 for 
file to ten seconds, wash, drj 

II Zielil Neelsen (Cooper’s modification)'' 

Flood the slide with fresh carbolfuclisin to which 3 cc of 10 per cent sodium chloride 
per 100 c c IS added , steam for four minutes and allow to cool until the precipitate forms 
Wash with tap water Decolorize with acid alcohol (5 c c nitric acid, sp gr 142 plus 95 ce 
of 95 pel cent alcohol), wash, two minutes 95 pei cent alcohol, wash, counterstain with 1 per 
cent briUiant green in 1 10,000 sodium IndioMde for one minute, wash, dn (For reasons 
preiiouslj mentioned, 2 5 3 per cent liydi oehlonc acid in 95 per cent alcohol is a more satis 

f actor j decoloiizing agent) 

Since Much’s woik on gianula was published a number of staming methods 
have been elaborated with the puipose of staining both the classical acid-fast 
lods and Much’s nonaeid-fast gianules It is still veil doubtful whethei Much s 
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granules tlie existence of nliicli is not doubted can be difteicntiated In these 
methods in sputum snieais from othei coccoid bodies Tliev can at tlie present 
time not be accepted as a diagnostic ciitciion But since a considerable theo- 
letical interest is attached to them lecenth icM\ed In the nork of Sneanv and 
of Kahn, it may be mentioned that the method of "Weis-, •* and the less cumber- 
some method of Kiefer liaie melded icr\ satisfactori results in mv hands 


Kiefer’s Sfnin"’ 

Cnrbolfuchsin 
Csrbol metlnlviolet 

If this mixture shows a metallic scum 
scum disappears 

Fixing solution 
Iodine 

Potassium iodide 
Distilled water 
Decolorizing solution 

Concentrated hvdrochloric acid 
Alcohol, 95 per cent 
Acetone 
Counterstain 

1 per cent aqueous mcthvlene blue 
Stain Wilde heating to % minute, rinse 
decolorize ?4 to 1 mmute, rinse, counterstain 


^ 1 brvolume 

3 parts J 

add 05 per cent alcohol drop bv drop until the 


1 gm 

2 gm 
100 c c 

10 c c 
50 cc 
40 c c 


iodine solution 1 to I’l minutes, nnse. 


A number of staining methods have been demsed to stain differentially both 
tubercle bacilli and elastic fibeis m the same preparation The two methods 
mentioned below fulfill this requirement fairlv satisfactorx , but it is doubtful 
whether thei are fid! substitutes for a careful search for elastic fibers in the un- 
stained preparation 


1 Pappaport and Ellison'' — 'Weigert’s elastica stain three to five minutes, nnse, de 
colorize to a famt pink with 3 per cent hx drocldoric acid in 95 per cent alcohol, rmse, conn 
terstam with aqueous methvlene blue 

2 lessen* uses the Ziehl Aeelsen stain and counterstains for one or tuo minutes with 


Hematoxvlin, 1 0 gm 

Lithium carbonate saturated solution, 1 0 e c 

Absolute alcohol, 20 0 c c 

Distilled water, 20 0 c c 

Then rinse, cover for a few seconds with 28 per cent feme chloride, nnse, dra- 
in accordance with what xvas said m regard to the gross appearance of 
sputum, the microscopic reports should mention not onlv the presence or absence 
of tubercle bacilb, but also the tvpe of cells seen (leucocvtes IxTnphoevtes 
epithelial cells), their relatne number and the presence of nonacid-fast micro- 
organisms This latter obserxation is cbmcally more significant than cultures 
for secondan microorganisms It is obnoiis that a properlv prepared smeai 
■«ill gne a timer picture of the composition of the sputum flora than cultures in 
which primarih insignificant organisms may outgroxv the trulv predominant 


3 COVCIIXTRATIOX XIETHODS 

Wlien examinations of direct smears fail to demonstrate tubercle baeiUi 
urtlier studies should be made on the sputum since rather large numbers of 
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bacilli iiiav escape detection bi tlic simple sincai method Corper has estimated 
that moie than 100,000 bacilli must be piescnt pei c e of sputum foi their de- 
tection on smeai iiiepaiatious It should become a routine procedure to con- 
eentiate eaeh siisiiected specimen (if negative by diiect smeai s), to cultuie it, 
and iniect it into a guinea pig if the preceding method has failed 

The fiist conceutiation method seems to have been lepoited bj^ Biedeit"*, he 
boiled the sputum vith a libeial amount of a 0 2 pei cent solution of sodium 
h^^diOMde Mull 111 ausei,’’® and hitci C/aplevshj and HenseB'' lepoitcd encoiii- 
aging results with modifications of Biedeit’s oiigiiial method 

Uhlenliuth and Xjlandei,” studying the bacteiiolytic action of antifoimin, 
a mivtuie of sodium Iniiochloi ite and sodium hjuliate, found that antiformin 
lulls bacteiia but not tubeicle bacilli, and that it destroys othei organic material, 
such as cells They recommended antifoimm for the preparation of sputum or 
other contaminated mateiial for the isolation of tubercle bacilli m pure culture 
Soon, hovevei, this pioeeduie vas found exceedingly useful for the bacteiio- 
scopic demonstiation of tubercle bacilli 

The folloivuig procedure can lie rccouimeiided About 10 c e of sputum is mixed mth 
1 20 per cent nntifouiim solution to secure sn oppioximufo tin il conccntrntion of 10 pti cent 
auliformin Tor thin, mton sputa this conccnti ition should be decreased, for heavr tc 
nacious specimens, it should be increased The sputum antiformiu mixture is incubated at 37° C 
for about half an hour, during vhich time it must be shaken seicral times, or it may be 
kept in a shaking niathine foi an oqu il length of time The antiformin vail transform the 
sputum mto a clear, homogeneous fluid, dcstroMiig and dissohing all formed elements, vith 
the exception of tuhcrclo bntilh The time netessarj for complete digestion vanes vith differ 
ent specimens If the prepar ition is made for the sole purpose of baoterioscopic examination, 
the period of contact between sputum and antiformin does not matter, as long as it is ev 
tended enough to effect a complete homogenization , but if one washes to isolate tubercle 
bacilli in pure culture, the shortest period effecting complete clearing is the optimal one After 
clearing is complete the mixture is ccntrifugahzcd at high speed (preferably after the addition 
of an equal amount of ivater — oi alcoliol if no cultural studies are intended — m order to reduce 
the specific giaiitj) The supeinalint is distaidod and the sediment is neutralized with 
hydrochloric acid Tlie sediment is then readx to be spread on slides and stained Since the 
sediment washes off roadil) in stainmg, it should be fixed to the slide with a 10 to 20 per cent 
solution of egg albumen 

The most successful application of Bieclert’s iirinciple, the homogenization 
of sputum by alkalis, is the piocedure published by Petioff”, it has found xvide 
acceptance In Petioff’s method the sputum is mixed wuth an equal amount of 
4 pel cent sodium hydi oxide Otheiwise, the procedure is the same as tvith anti- 
formin Dilution hefoie centrifugalization aud fixation ivitli egg albumen are 
unnecessary 

Sveanv“" has woiked out a pioeeduie, using the alkali digestion of sputum, 
which seems to he verj^ useful for work on laige scale 

4 cultural mlthods roR tiie demonstation of tuberle bacilli 

a The Pi eparation of the Sputum — In recent yeais eultuial methods have 
been improved to a sufficient degiee to plaji- a significant role in the demonstia- 
tion of tubercle bacilli m sputum Two factors decide the success of eultuial 
methods (1) The preparation of the sputum in such a way that tubeicle bacilli 
aie concentrated within a lelatively small amount of material without affecting 
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their vitalit\, and at tlie same time hilling otlici micinoiganisms as completeh 
as possible, and (2) suitable media 

The laborious -nasbiug metliod of Kitasato=® mIiicIi iiclded sen inconstant 
lesults IS non of onls bistoiical inteiest TJlilenbiitb s antifoimin and Petroff s 
sodium Indroxide methods neie for a mimber of seais the most successful pro- 
ceduies for concentrating tubeicle bacilli sntbout much inipaiiment of tbcir 
nabilits and foi hilling contaminating oiganisms In iccent sears these meth- 
ods base been ns alcd if not sill passed bs acid digestion as ads ocated bs* Loss eii- 
steim* and Sumos osbi 

Losvenstem s onginal procedure liossesci cannot be recommended because 
be used too high a concentration of acids Holm" treats the sputum ssith ten 
to tsvelse per cent sulpbuiic acid foi tnciits minutes usiug 1 - 2 cc sputum 
and 10 e e sulphuric acid Aftei ccutiifugalization the sediment svitliout 
neutralization is seeded on Lubenau s medium Otbci authors recommended 
furtbei leduction ot the acid (Poipei 6 pci ccntl oi the use ot a 3 to 6 per 
cent bsdioehloiic acid or (Coipei’“) 5 pci cent oxalic acicL It has been oui ex- 
perience that sve get somesvbat better results sntb acids and after extended trials 
sve prefer to use a 3 solume per cent bsdrochloiic acid Foi bacterioscopic 
ssorb, the sodium bs-droxide method is pieferable, because it produces a smaller 
amount of sediment and hence a more eftectis e concentration of tubercle baciUi 
Petroff ’s sodium hs-droxide method deserves preference o\ov Ulilenhuth s 
antiformm method because of its gieatei simplicitv and because it causes prob- 
ably a smaller peicentage of moitalitj of tubercle bacdli It is important to 
find the optimal time for digestion not too short, because the contaminating or- 
ganisms are not killed, not too long because too manv tubercle bacilli become 
sufSeientlv damaged to fail groAinng on artificial media In accordance nntb 
Sweany and Ecanoff““ I prefer using a 3 instead of a 4 per cent sodium 
hydroxide solution for cultural n ork The technic is identical with that for the 
bacterioscopic concentration method previously mentioned, of course, through- 
out the whole procedure strict aseptic piccautions must be maintained The neu- 
tralized sediment is planted rather thinly on the slants , the tubes are then sealed 
vith paraffine or sealing wax and a small needle puncture is made through the 
seal to provide a free supply of oxi gen 

h Culiure Media for the Isolahon of Tnheicle Bacilli — ^In the choice of 
culture media for the isolation of tubercle bacilli it must be kept in mind that 
not all media on which tubercle bacilli in pure ti ansplants grow well are suitable 
for isolation Quite generally it can be said that liauid media are unsuitable, 
and that most agar media aie unsuccessful, the same seems to be true of all 
so called synthetic media 

The number of media advocated for isolating tubercle baeiUi is so great 
that it is impossible to mention them all, especially since many are but modifica- 
tions of previously tried and recommended media 

In the preparation of culture media, the following substances are used suc- 
cessfully Serum potatoes, glvcerol, eggs, milk Serum media were used bv Koch 
m his first studies potato media were recommended bv Pawlowsky^- (1888) 
jnd found particularh suitable in connection mth gheerol, the use of "which was 
rst recommended b^ Xocard and Koux" (1888) The Bntish Roval Commis- 
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Sion 1 eeominended that the potatoes be soaked in a sodium caibonate solution 
and ilatzuscliita”'’ (1899) slioned by comparative e\peiiments that tiibeiele 
bacilli giov bettei on potatoes that aie slightlv alkalinizcd Eggs, paiticularly 
egg Aolk, -neie added to nutrient media bj Capaldi® (1896) and highh recom- 
mended for the giOMung of tubeicic bacilli, iihilc media the chief component of 
vhich IS egg wcie intioduced by Doiset>“ (1902) before he Iniew of Capaldi’s 
pieiious studies and bi Lubcnau‘'“ (1907) Slatzuschita “ substituted milk for 
bioth in a gelatine-gh ceiol medium Although, as will be CMdcnt fioin the brief 
historical rcMew lust picsented, all leeent cultuie media aie but elaborations 
and modifications of piinciples well established bj the turn of the centuij, the 
isolation of tubercle bacilli fiom eontaminatcd material, has, due to the work 
of the last few jeais, adAaneed fiom a complicated and nnieliable method, used 
almost exclusn eh foi scientific stiuh , to an easi and highh dependable technic 
in clinical-pathologie i online 

Some of the appaicntlv most useful media aie enumciated below As far 
as possible, the oiiginal piesciiptions aic given I would emphasize, howevei, 
that all the media which lequne inspissation, the seieial Aaiieties of egg media. 
Held, in oui expeiicnce consideiabh bettei lesults when instead of the repeated 
inspissation as pieseiibed, thei aic kept in the Arnold steiilizei just long enough 
to cause coagulation This biief steiihzation iields onlv a leij occasional con- 
taminated tube It IS necessaiy, of couise, to piocced as asepticalh as possible 
in the piepaiation of the media It should fuithei be pointed out that the usual 
“oA'einight m the ineubatoi ” is a totally inadequate steiility test, media con 
taming eggs, milk, oi potatoes should be kept in the iiicubatoi for not less than 
thiee days 

1 Luhcnait’s^ Zgg 2!e(hniii (1007) — Three ports of veil ini\c(l whole cgffs are added to 
one part of 5 per cent glvcerol nutrient broth This mi\ture is tubed and inspissated for two 
or three hours at 90° C 

Hohn=' emphasized tlic neeessiti of adding a small amount of ghcero] broth to each tube 
He further recommended that some hemoglobin be added to the medium, in the following war 
Sterile blood clots arc pressed through a sterile ware screen, the diippings are centrifuged to 
remote the serum The blood is then hcmoljzed bv the addition of an equal amount of sterile 
distilled watei This lu-inoglohm solution is added in the amount of 2 pei cent to the medium 
before tubing Quite receuth, Ilohn"’ suggested further modifications, in this publication, 
his present procedure is reported in minute details 

2 Fetroff’s" Gentian Tiolet Egg Jilcdinm (191 'I) — A leal oi beef infusion is prepared in 

the usual waa, using 1000 gm of meat with 1000 c c of n 15 per cent solution of glj corol in avater 
Eggs are mi-\ed and filtered through gauze under sterile precautions, and one part of infusion 
IS mixed with tavo parts of eggs To each liter of this mixture is added 10 c c of a 1 per cent 
alcoholic solution of gentian aiolet After mixing arell, the medium is filtered through gauze, 
tubed, and inspissated as follows First day at 85° C until coagulated, second and third dajs 
at 75° C for one hour 

3 Sweang’s'^ Teat Egg Glyceiol MUh Medium (1928) — This medium is prepared exactly 
like Petroff’s medium, aaith the exception that the meat infusion is prepared aaath sterilized 
milk instead of with aaater, and that no dje is added The milk is sterilized in liae steam on 
tivo successive dajs for fortrflie minutes 

Swoanj recommends tint sterilized cream, 10 per cent, be substituted for the glycerine 
in tlie above medium for the cultuation of bovine bacilli 

4 Glyceiol Potatoes (Corper’s" Modification) (1928) — The usual liahod potato cvlm 
ders arc soaked for one or two hours in a 1 per cent aqueous solution ot anhydrous sodium 
carbonate containing 1 75,000 crystal iiolet, then thej are wiped off with a clean towel, put 
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in culture tubes to iilncli 1 3 cc of u 5 per ctnt glieerol brotb is ntUlod, und lutocHvcd it 

15 pounds pressure for it leust tbirt' iniiuitcs 

5 iotcfustcinN^** Mohfication of Fan Mohvm (Idll) — The following solution is pro 

psred 

Monopotnssium pliosplnto, 1 0 c c 

Sodium citrate, 1 0 c c 

Mngncbium sulphate, 1 0 c c 

Asparagin, 3 0 c c 

Glvcerol, CO 0 c c 

Distilled vrater, 1000 00 c c 

To each 150 c e of this solution are added 6 gm potato flour ind 12 c c glvcerol This 
mixture is boiled iihilc stirring for fifteen minutes and hept at 5G C for one hour Then 
I eggs and 1 egg volK are added and o c c of a 2 per cent Congo red or malachite green 
solution After thorough mixing, the medium is filtered through sterile gauze, tubed, and 
inspissated on two subsequent da\s at SO to SS' C for two hours 

Lowenstem claims that peptone inhibits someiihat the groivth of tubercle 
bacilli, and he devised therefore, this peptone-free medium 

Au egg xolk agar (a modification of Capaldi’s medium) has recently been 
recommended bx Herrold His first studies appeal to be promising, but this 
medium has not as x et stood the practical test 

The choice of a concentration method and of a suitable medium is still much 
discussed Eaeli method and each medium has its adx ocates, the most emphatic 
advocate being usiiallx the onginatoi of the particular procedure A careful 
studx of the literature leaves one undecided as to the res-pective merits of each 
procedure 

We have tried all methods and media mentioned in this review and a good 
manv more We have used alhahs and acids in vndelv varvnng concentrations, 
v\ e have made our own modifications If we present here the procedure which 
vve emplov at the present time, it is not because we believe that it is better than 
anv other one or because we thmk it is final It is because so far, it has yielded 
the best results in our hands and because vve can sav, by well-controlled senes 
of examinations, what this procedure vnll do We shoidd like to recommend it 
for fuither trial, and we hope that further expenence will improve it 

Our Procedure for Isolating Tubercle Bacilli — Approximately 10 c e of sputum and 
10 c c of 3 per cent (br volume) of livflrochloric acid are tliorouglih mixed m a sterile, 
stoppered 50 c e centrifuge tube The mi-xmg is done bv beating tlie material with a sterile 
glass rod or applicator Then tlie tube is shaken frequenth during a period of twentv minutes 
The mixture is then centrifuged for ten minutes, thus leaving sputum and acid m contact for 
not more than thirtv minutes After decanting, the sediment is smeared in a thin laver over 
the surface of the slants 

The following two tvpes of media are used, and a minimum of four tubes of each medium 
arc seeded 

1 A ilodtficaiwn of Sieeany’s Medium 


Sterilized milk (see Swe anv ’s medium), 200 c c. 

Beef infusion broth (not alkabnized), 200 c c. 

Wliole eggs, 800 c c 

Glvcerol, 60 c.c 

Aqueous solution of malachite green (2 per cent), 60 c c 


>s filter^''tr^"f‘®''^" The whole mixture 

through sterile gauze and tubed The tubes, in slanting position, are coagulated 
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in the Arnold stonlizor for about half an hour, tint n, just long enough to obtain the desired 
consistency 

2 Petragnani’s'^ Medium (1920) 

aiilk, 900 cc 

Potato flour, 10 gm 

Peptone, 0 gin 

Potato (egg sire pieces), G 

This mixture is kept in a boiling natcrbatli uith frequent stirnng until it becomes 
sticky after this it is left in the yatcr bath for finm one to two hours After cooling to 
50° C, 24 whole eggs and 0 egg lolks, 70 c e of gljccrol, and CO c c of a 2 per cent aqueous 
solution of malachite green arc added, the whole mixture is filtered through sterile gauze, 
tubed, and sohdificd in the same wn) as the preceding medium 

These media arc kept in the incubator for not less than three dais before use 
The majority of positne cultures mil be obtained In the end of the second month the 
earliest colonies may appear within ten dajs, but all negatne tubes should be kept for no less 
than three months 

Colonies appearing on tJicse media should alwats be CAainined in smeai 
piepaiations, altliougli I have nnaiiably found fJiat ttincal colonies aie com 
posed of typical acid-fast lods, I baxe been snipiised to find lepeatedl; acid- 
fast lods in totalh attpieal colonies ‘Wlietliei such appnientlt tiTiieal oigan- 
isms with atypical colour foiinatioii aie tine tiibeiele bacilli is impossible to sat 
at the piescnt time Some ten stiains aie being studied in regaid to patho- 
genicity and tubeiculm piodiictioii At all eients it seems to be a good rule 
to e\amine all colonics legaidless of then appeaiaiice befoie discaiding the 
slants as “contaminated '' Seteial authois hate obscited that seiapiiigs fiom 
the suiface of appaieiitiv steiile slants tontaiii occasioiiallt acid-fast lods, heie 
again it is still undecided whethei some oi all or none of them aie tiiic tubercle 
bacilli 

c T/ie Efficiencij of Cnlfvial Methods — It has been claimed hr several 
uniters that cultuie methods (usuall)’^ a specific cultnie method) is fully as re- 
liable as guinea pig inoculation It is obvious, hotvet ei, that so fai no contnncmg 
pi oof has been adduced to substantiate such claims All ttoik, eaiefullt con- 
tiolled and on sufficiently laige senes of specimens (not on aitificial mixtures of 
tubercle bacilli) uould indicate that the actual number of positive lesults in 
guinea pigs is higliei than on culture media, even though in a few instances cul- 
tuies aie obtained while a guinea pig inoculated with the same matenal fails to 
develop tubeiculosis Foi example, Stadnichenko and Sw'eanj^'’ found m a 
senes of 200 specimens, 33 positiie by animal inoculation and negative bv cul- 
ture, and 3 positive bj eiiltui e and negatii e by animal inoculation 

Oui own results maj be mentioned in some detail, as follows A series of 
37 sputa fiom the Wm H Maybuiy Sanatoiium in Noithville was examined 
All these sputa came from patients who had piilmonarj^ tuberculosis and who 
had at some time had positive sputum At the time of examination these sputa 
weie negative on diiect sineai and had been so toi at least one pieeednig exami 
nation These 37 specimens were cultured and inoculated into guinea pigs 

In a second senes of 55 specimens, including sputum, feces, exudates, tis- 
sues mine, all negative on diieet smeai, the same type of study was pei formed 
Table I siimmaiizes the lesiilts 
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A CoMr\Fi=;o\ of Colti fe \nd Guinfv Pir. Inocli vtion in 02 SPFriMFNS Fpom 

Tctiffchlous Patifn-ts* 


NTilBER OF 

SPECIilENS 

POSITIVE ON 

CCLTL'PE 

(pep cent) 

POSITIVE 

ON \NT\IAL 
; INOCLL.VTION 
(PFP cent) 

cuLTcrr 
POSITUE, 
GinNF-\ PIG 

NECVTIVE 

GLINFt PIG 
PO'ilTIVE, 
CXTLTUPF 

NFjGVTI%E 

posintT 

BY \NY ONF 

METHOD 
(PFP cent) 

37 

7S3 

so 1 

4 

s 

100 0 

55 

Go 4 

9G 3 

2 

10 

100 0 

Tot'll 02 

70 6 

93 5 

6 

27 

100 0 


the technical as 

sistance of \ B 

Aims and P G 

Kellj 



On. this senes of 92 specimens it n 
were positive sterile, and contaminated 

Total number of tubes 
Xumbei of positive tubes 
Xumber of sterile tubes 
Xhimber of contaminated 


3 determined hou manv culture tubes 
The results follou 

710 

338 or 47 6 per cent 
354, or 49 9 per cent 
ibes 18 or 2 5 per cent 


In the Desert Sanatorium m Tucson a total of 238 specimens (sputa, urine, 
evuclates, tissues) vas examined vhich ueie nesatiie on direct smeais All of 
these veie studied b\ concentration methods cultuies, and ffuinea pig inocula- 
tion Table II shoivs the results 


T VBLE II 


A COMPAPISON OF CCLTCPE AND GCTNEA PiC iNOCTEVnOV IV 23 S MlSCELL CN-EOUS SPECntESS* 


numbeb of 
SPECIMENS 
(■YEGATTVE 
OY DIPECT 
SMEAE) 

\ 

POSITIVE ! 
\FTEP CON 
CENTRATIOV | 

t 

POSITIVE 

i 

1 CULTUEE 

1 

POSITIVE 

ON ANIMAL 

1 INOCULATION 

POSITIVE 

BY ANY ONE 

METHOD 

CULTUPE 
POSITIVE, 
GUIN-EA PIG 

NEGATIVE 

GUINEA PIG 
POSITIVE, 
CULTUPE 

VEGATTVE 

23S 

9 

1 39 

1 

72 

56 

4 

17 


•■With the technical assistance of J P Mote 


In the 56 positive specimens m Table II, it was ascertained how soon a posi- 
tive diagnosis could be made bv cultural methods and bv animal inoculation 
Table III shovs the percentage of positive diagnosis made at ten days’ interval 

Table HI 

A COMPWISON OF CCLTVEE AND GUINEA PiG IN0CUL.VT10N IN' EeGAED TO THE SPEED OF 

Diignosis Accujiulati\-e Pefcentages of Positive Diagnosis Obtained 
in 10 Day Pepiods 


Days 

10 

11 20 

21 30 

31-40 

1 

41 50 

51 60 

CULTUPE 

' ■ 

33 3 

717 

819 

89 6 

97 3 

guinea pig 


0 

30 7 

63 4 

86 7 

94.3 









622 


TUG JOURKAG OG GABOR VTOR\ ANT) CLINTCAG JIGDICINE 


Summaiizlug, the achantagcs of cultural inethocls aic 1, judcpeuclciiee of 
animals , 2, Ion ei cost , 3, gi eatei speed of diagnosis, and 4, fi eedom of interfer- 
ence by prematui e death of animals 

On the othei hand, the pcicentage of positisc diagnoses is smaller than hi 
animal inoculation A complete sputum esamination should include both cul- 
tuial methods and animal inoculation 

5 ANTMAG INOCGGATIOX 

For animal inoculation the sputum is prcpaied in e\actly the same nav as 
foi cultuie Anj of the methods, antifoimui, sodium hydrovide, oi acids, inai 
be used The sediment must be ncutializcd in oidei to aioid necioses at the site 
of injection The ncutializcd sediment is suspended in 1 to 2 cc of sterile 
sabne solution If possible, each specimen should be injected into tuo animals 
The best wav of injection is the subcutaneous loute Othei tipes of injection, 
mtiapeiitoneal, intiahepatic, intiaceiebial, which haie been adiised in oidei to 
hasten the development of tubeiculosis, have definite disadi antages , namelv, a 
greatei eailv moitalitj fiom tiauma and secondaiy infection, and the mipos 
sibility of watching the local lesion deielop The injection should be made in 
the region of the groin, because of the piovimitj of Ijmph nodes and because 
tlie infection should be staited sufficienth distant fiom the middle line so that 
the fiist IjTuph node involvement is strictlv unilateial 

A numbei of methods designed to liastcn the development of tubeiculosis 
haie been gnmn fan trials bv a number of woikeis, including mjself All these 
methods seem not to attain then stated puipose to am appieciable evtent 

It is frequently discussed whether guinea pigs used foi inoculation should 
be tested with tuberculin befoie infection to ascertain that thej aie not spon- 
taneously infected with tubeicle bacilli We believe this to be quite unnecessarj 
for tw'o good leasons (1) notwithstanding a numbei of leports to the contiaij, 
we believe that spontaneous tubeiculosis in guinea pigs, kept undei reasonabh 
sanitaij^ conditions of food and sheltei is extiemely laie, (2) the aiitopic find- 
ings m a tuberculous guinea pig will establish bevoiid the jiossibilities of a doubt 
whether a spontaneous oi an inoculation tubeiculosis is piesent It is probablv 
one of the best established facts in expeiiraental tubeiculosis that at the site of 
first infection a local lesion de\ elops and that the infection alw aj s spi eads hence 
to the next draimng lymph node A guinea pig which shows tubeieulous foci in 
the internal oigaiis, but no priraarj lesion at the site of injection and in the 
regional Ijunph node, has acquired its tubeiculosis not bv injection, but bv some 
other channel It appeals quite impossible that a spontaneous infection should 
enter by way of the subcutaneous tissue in the gioin Hence, a positive repoit 
of an animal inoculation should alwajs specify that an niocwla/mn-tubeiculosis 
was found 

Wlien should the autopsy be performed on an inoculated guinea pig? Start- 
ing about two weeks after inoculation, the animal should be examined at inter- 
vals for the appeal anee of the local lesion and the swelling of the deep inguinal 
lymph node As soon as a local lesion or enlarged nodes aie demonsti able, nec- 
rotic tissue fiom the inoculation ulcer, or an excised node maj be examined in 
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smears stained foi acid-fast bacilli If fliev are found, the animal mai be autop- 
sied to confirm the picliminarv diagnosis If no acid-fast rods are seen, tlie 
animal should be kept alive foi fuitlier obseiiation 

Unless definite signs of tuberculosis (the local lesion') deiclop, no animal 
should be killed soonei ilian eight i ecks after inoeulatioii h«o inoculated animal 
should be reported “negatne” mtbout complete aiitoptic examination If one 
chooses one mav perform tiibeiculin tests (mtracutaiieoiis) on inoculated ani- 
mals startmg about fifteen days after infection, this nla^ help to arriie at an 
earher diagnosis, but a positive tuberculin test nitliout autopsy should never 
be accepted as final proof, nor should repeatedly negatiie tubeiculin tests be 
accepted as full endence foi the absence of tuberculosis Animals dying ivithin 
the first three veeLs after inoculation and showing no tuberculous lesions, should 
not be reported as negatne In such animals, tubercle bacilli or specific tissue 
changes may be found on microscopic examination. 


6 THE CLINIC VL SIGNIFICANCE OF POSITIVE AND NTGATUT: SPUTUM 

The foUowmg remarks apply only to the results of thorough and complete 
examinations Bv this is meant (1) a careful search for acid-fast rods m tech- 
meallv flawless smears, each search to last about ten minutes, if necessary, (2) 
frequent repetitions of such examinations, using, if necessary, sputum collected 
for several days, (3) the use of concentration methods, of cultural methods, and 
of animal inoculation 

Provided that these requirements he fulfilled both the finding of tuberele 
baeiUi and the failure of finding them, constitute laboratory data of such high 
rehabihty as to be rivalled by few laboratorv procedures In a studv from the 
Mavbury Sanatorium, Pinner and 'Wemer^'' reported on sputum examinations 
on a consecutive series of 585 patients, of these 14 had nontuberculous pul- 
monarv lesions, 33 had no pulmonary lesions, leavmg a total of 538 patients with 
the clmical diagnosis of pulmonarv tuberculosis Of this group of patients, 36 
had negative sputum in spite of exhaustive studies on their sputa Chnically, 
these 36 negative sputum patients were classified as follows 


Apparently cured, 3 

Apparentlv arrested, 20 

Quiescent, 8 

Active, 5 


In a gioiip of 507 patients with clinicallv active pulmonarv tuberculosis, 
tubercle baeiUi were demonstrated in 502, or a fraction more than 99 per cent 
n the basis of such evidence, is it not a 3udieious claim that the failure to dem- 
onstrate tubercle bacilh m a patient’s sputum should not be disregarded hghtly 
as much of the routine teachmg advises” Is it not reasonable to ascribe to such 
negative findings a considerable diagnostic or prognostic value” Should negative 
ndin^ not be considered as indicating the hkehhood of either a healed or heal- 
n^ 11 ereulous focus or of a nontuberculous pulmonary disease ? Without trv- 
hMl ^ fast rule, we have found that the following is a prac- 

or ung principle If a patient has a demonstrable pulmonarv lesion and 
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such SMuptoms as aie consistent nitli that lesion, if, in addition, lie lias a size 
able amount of sputum (sa^ 10 cc pei da^ oi moie) then, the failuie to find 
tubeiclc bacilli in his sputum should put the bin den of proof on the shoulders 
of him i\ho claims tuberculosis to be the eliologic factoi Such eonsideiations 
become of special neiglit it the labolatol^ data aie piopeih coiielated with 
cluneal findings Although loentgcnologic obseivations can, stiictlv speaking, 
ne%er decide the etiology of a pulmonaii lesion, the localization, uppei oi lonei 
portions of the lung fields, gnes indications yhicli in conjunction with laboia 
toiy data enable the clinician at times to aiiiie at a definite diagnosis iiithont 
stiicth positne CMdence 

What of a positne sputum? If iic can be snie of the uneontamniatcd source 
of sputum excluding malingeiiiig with its not nifiequent attempts at falsifica- 
tion in the mattei of sputum, positne findings constitute a puma iaeie eiidenee 
of pulmoiiaij tubeieulosis Possible ciiois aie cxtiemclj laie, but mIicu posi 
tne laboiatoij findings clash iiith negatiie clinical findings, tiio possible souiees 
of eiror must be eonsideied I Acid-fast bacilli denionstiated in the sputum 
maj be apathogcine organisms and not tubercle bacilli A fey such findings 
are lepoited m the liteiatine Pappciiheim found laige numbeis of aeid-fast 
bacilli, which he diagnosed as smegma bacilli, in a case of multiple piilmonaiy 
abscesses and bionchicctascs Sinnlai findings are lepoited bi Rabnion itsch,''® 
nho nas able to eiiltnatc these acid-fast apfithogens Since thej gien in tyeiity- 
tour houis to MSiblc colonies, the diftciential diagnosis nas easih established 
Nonpatliogcnic acid-fast bacilli wcie denionstiated in the sputum in gangieiie bv 
Piaukel,'" 111 bronelutis fibiinosa by Liclitenstcin,*'’- in bionchiectasis by Milcli- 
nei Alo.\andei' isolated acid-fast lods fiom tlie nasal secretion in ozena Kar- 
linskj®® and Laabs®' fiom nasal secietions in noimal peisoiis, Moller''® from 
saliya in normal poisons It must, of course, be leiiiembeied that the leprosy 
bacillus and certain elements, paiticulaih spoios of highei bacilli, aie acid-fast 

Piom mi 01111 cxpeiience, I can quote but one instance in iilncli noiipatho- 
genic acid-fast lods iieie found in sputum A loung girl iiitli a yahmlai heart 
lesion expectoiated sputum tivehe houis befoie death in iihicli tipieal acid-fast 
lods iieie denionstiated on seieial smeais The autopsy, next day, did not re- 
yeal any sign of tubeieulosis A guinea pig injected iiith that sputum yas killed 
moie than ten iieeks aftei the inoculation and yas found to be giossh uoimal 
But smcais fiom the hmph node at the site of injection leiealed numeions acid- 
fast lods 

The exact souiee of nonpathogenic aeid-fast lods in human secietions is 
piobably impossible to deteimiiie on account of the yidespread oecurience of 
such organisms in daiij' pioducts, giass, mamiie, and yatei The lattei source 
must be kept in mind as a possible contammation dining laboiatoiw pioeediues 
The cultuial charaeteiistic of some of the apathogens niaj be diagnostic, but a 
distinction by meie tinctoiial and moiphologic chaiaeteiistics in smeai piepara- 
tions IS uni eliable 

To ditfeientiate tine tubercle bacilli fiom other membeis of the acid-fast 
gioup, it IS best to use animal inoculation If a specimen in yhicli acid-fast 
organisms are demonstiated fails to infect a guinea pig, puie cultures should be 
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obtained of such doubtful acid-fast oi}raiiisiiis and animal inoculations should 
be repeated itli pin e ciiltiii cs 

2 The possibiliti must be hept iii mind that tubercle bacilli in sputum mai 
be denied not onh from a pulnioiiaii focus but also from a tuberculous lesion 
in the upper lespiratoii tract Such lesions iii the absence of pulmonaii tuber- 
culosis are exeeedingli laie I sai\ a louiig Monicii fioiii iiliose sputum a pure 
culture of tiibeicle bacilli ms isolated Clinicalli and loentprenologicalh , there 
ivas not the slightest sign of a piilmoiiaii lesion Her tonsils i\crc remoied and 
showed on histolomc exaiiiinatioii multiple caseated tubeicles In the absence 
of all eindence of a pulmonarv lesion, with positue sputum findings and with or 
without symptoms suggestl^e of tuberculosis the possibiliti of a lesion in a hilar 
Ivmph node ruptured into a bionchus oi the tiachea must be considered That 
such ruptuied lesions mai exist without producing parenclumal incolyement, 
was shown hi a ease in which such a rupture, scaircd at the time of autopsw 
existed and in which no trace of pulmonary tuberculosis hairing an encapsu- 
lated primary focus w as found 

These two sources of eiior are mentioned here not in order to point out their 
importance, but to emphasirc their extreme rarity On the other hand it should 
not be forgotten that Lowenstein' has mentioned repeatedly that he has seen a 
few cases in which tubercle bacilli from proyed tuberculous lesions in man Avere 
apathogenic for guinea pigs 

The a’vian tubercle bacdlus is known to infect man on rare occasions In 
a recent rewiew, Brancld collected 15 cases fiom the literature, in only one of 
them were ayian tubercle baciUi found in the sputum, the othei 14 patients had 
exclusively or mainly extrapulmonarv lesions Avnan tubercle bacilli are patho- 
gemc for rabbits, producing on intravenous inoculation usually a septicemia, 
they are pathogenic for fowl, but m the usual dosage apathogenic for guinea 
pigs The differentiation must be made on this basis of species pathogenicity 
The bterature is replete with attempts to find prognostic indications m the 
number of bacilli and in their moipliologic characteristics First as to the num- 
ber the bacilli, as mentioned are quite irregularly distributed throughout the 
sputum, a minute random sample can, therefore not be considered as representa- 
tive of the entile specimen Anv attempt at a ciuantitative evaluation seems 
totally unpistified The well-known Gaffkv scale, with six or ten classes in re- 
gard to the number of bacilli claims a much finer distinction than is actually 
possible on the basis of the technic employed A v erv rough classification, such 

os verv few ” “moderate number,” “verv many ” or simpler -, — , - — , ^ 

mav have a limited justification A continuous decline in the number of bacilb 
may be regarded as a possible favorable sign but occasional expectorations con- 
taining innumerable bacilli may be without prognostic significance , they are not 
rare occurrences in ciuieseent lesions 


If, foi some leason, one wuslies to obtain an accurate idea of the number of 
acilh present actual counting must be done Biitsehowitz' published a urn 
cedure for this purpose ^ 


-'iS to the shape of bacilli long or short thick or thin solid or beaded I 

sW 1 evudenee that— as has been claimed— such variations in 

po nave anv bearing on prognosis 
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The numher of diagnostic and pioguostic laboiatoiy tests foi tuberculosis 
IS appalling specific and nonspecific seiologic tests, blood chemical data, difteren- 
tial blood counts, feiment leactions of the seium, etc , they all have had then 
suppoiters But, niav it be stated emphatieallj’- in conclusion, that the clinical 
laboiatoiy has no inoic impoitant aid to offei to the clinician in practical Mork 
in pulmonaiy tubeiculosis than thoiough and complete bacteiiologic studies of 
the sputum 
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THE ISOLATION AND IDENTIFICATION OF PATHOGENIC 
BACTERIA IN FECES^ 


Br C Haixns, ]\ID, JMoNTGOAiERr Ala 


' I ''HE detection of patliogenic bacteria in feees is one of the most complicated 
bacteiiologic pioblems nliich a diagnostic laboiatoiy enconnteis Then 
isolation, in the fiist place, is attended bi man^ technical pitfalls, and an^i sig- 
nificant oiganisms 11111011 mai be found leqniie intelligent and caiefiil iiork 
for then identification Theie aie mam intestinal bacteiia mIucIi closely resem- 
ble the Ivnonn pathogens but 11111011 so far haie no definite^ aseiibed role 
Then significance is iineeitain and then picsence is often confusing Hence 
one can haidl} be too eaiefiil in the pioeednies used foi pinposes of identifica 
tion In the majoiiti of instances, of coiiise such as t3’’phoid feier, the offend- 
ing oigainsm is icadili identified b3 compaiatnelv simple cnltinal and agghi- 
tinatiie inactions But iihen one appi caches the parafiphoid gioiip and, pai- 
ticnlaily the disentciics, skill and expeiience aie needed It is heie, in tins 
group of diseases, due to then eoinpaiatneh inficqiient occinience and their 
lagiie clinical &3miptonis, that tiie laboiatoii is called on to actiiall3 establish 
the diagnosis Thus, eien though such examples appeal compaiatnely infre- 
quently, it is, neieitheless, essential that the laboiatoi3 be piepaied to make an 
iiitelhgeut examination A successful attack on one obscnie case of this natuie 
mai enhance the piestige and mciease the reputation of a lahoiatoiy moie than 
an3 number of oidinaii', routine examinations 

The subject mattei of this papei makes little pietense of piesenting new 
mateiial Its chief purposes aie (1) to bung togethei in conyenient foini 
methods ivlncli ha-\e been found useful and piacticable for the bacteriologic 
examination of feeal specimens, and (2) to discuss the significance of some of 
the pathogens uhicli leaie the bodj' through the intestinal tiact We make, 
in 0111 Cential Laboiatoiy, of ueccssit3, laige iiiimbeis of such examinations 
and haye had tliiust upon ns the eiolving of methods yliicli can leadily be 
utibzed in our bianch laboi atones The piactices adopted must be neithei too 
expeusiye nor too time-consuming for a laboiatoiy uith limited peisoniiel and 
funds and, at the same time, must giye assuiance of thoioiighuess and accniacy 
This has necessitated the sifting of known methods — uhieh aie legion — ^and in 
some instances, the de^elopmeut of neu pioceduies 

One IS impiessed, in stiid3nng the acilable treatises of clinical diagnostic 
methods, b3 the casual niannei in -which the bacteiiolog3 of the feces has been 
handled In fact, the following suipiising statement md3' be found, ^ “Foi lab- 
oiatoi3’' diagnosis (of t3phoid fecei) blood cultiiies diiinig the fiist week and 
agglutination tests dining the second week and onward aie the piaetical meth- 
ods ” Piobabty such hast3 dismissal of bacteiiologic methods is due in large 
pait to their yei3’- niultiplieiti There is, peihaps, no other diagnostic pro 
ceduie inwohing bacteiiologic methods which has leeened less standaidization 

♦From the L'lboratories of Alabama State Board of Health Alontgomen 
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than that ot tlic intestinal tiact Almost e\er\ bactcnoloprist has Ins fa^orltc 
pioceduies Mlneli seem to be successful in Ins onn bands, consequenth, be 
hesitates to accept neA\ methods oi modifications of old ones The situation is 
compaiable to that foinieih OMsfiiig in the seiologic dia?nosis of s\philis 
One ma-i hope theiefoic that e%eiitiialh, there ma^ be established for the 
diagnosis of intestinal pathogens ciiteria uliicli imII ser\c a similar useful pur- 
pose in clarifMiig knoun facts and el^stalll7lng the technical chaos 

In Mcn of the aecumulating ecideiice of the lack of diagnostic ^alue of 
agglutination tests ^\lth the patient’s seium the extent to which the elinieian 
still relies upon these simple procedures is regiettable The onlv ceitain means 
of establishing the natuie of an infection is the isolation of the causative organ- 
ism This IS paiticulailv tine of the ts phoid-paratvphoid-ch senterc groups, 
where the phenomenon of eioss agglutination occurs so frecpientlv, to saA noth- 
ing of the development of agglutinins as a lesult of vaccination and missed or 
subchnical infections It is the dutv of the diagnostic laboratorv to educate the 
clinician in the pioper use of the laboratorv, encouragement in the routme use 
of cultuial methods must presuppose adecpiate ecjuipment mental as well as 
plivsical, on the part of the laboratorv itself 

Fiom oui standpoint the important bacteria of the intestinal tract are 
B tvphosus the Salmonella group and the dvsenteries The first problem m 
the baeteriologie examination of anv intestinal infection is assurance of a 
dependable specimen with which to work Even more than with othei labora- 
tory examinations a successful result is governed largelv bv the intelbgenee and 
care used in the collection of the specimen, together with the promptness and 
skill attending the initial steps in the examination Unless the feces can be 
immediately taken to the laboiatoiw and cultures made without delay, as in a 
hospital, special methods for preservation are neeessarv' Even under ideal 
conditions, some means of prcservnng the specimen for further study are desir- 
able since, as will appear later, lepeated platings materially increase the per- 
centage of positive results 

For these leasons a large amount of study has been focused on the treat- 
ment of the specimen prioi to the bactenologic examination The chief effort, 
of course, is to prevent or letarcl the enonnous overgrowth of B cob, which 
oceuis so rapidlv m untieated feces- Most of the methods depend upon the 
use of brilliant green In the desciiption of the technic which follows, we have 
utilized the sharp selective action of this dve for the preservation of the specimen 
itself, rathei than the customarv usage in prebminarv enrichment cultures 
Isinee the dve has no selective action on the dvsenterv bacilli, other methods 
must be used for then isolation This is one of the chief reasons for the diffi- 
cultv attending the isolation of members of this group 

PREPVRVTIOV of MEDIA CbED IX ISOLATION’ VXD IDEVTIFICATIOV 

In this description of methods of isolation and identification we have m- 
c udecl details onlv of those procedures not reaclilv found in most textbooks of 
actenologv We have not given the formulas for example for plain broth 
Li . ^ because tliev are readilv available elsewhere 

. ou the other hand we have included the details of such media as Simmons’ 
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citiate agar and Joi dan’s taitiate medium, not onlj’’ because they are compara- 
tively nev, but also because then usefulness in the diffeientiation of intestinal 
bacteiia uaizants ludei applicahon in loutine diagnostic piactice 

Repeated plating of the specimen is another pioceduie, the importance 
of which should be stiesscd It not infrcqueuth happens that a positive lesult 
IS obtained only on the second oi eien the thud day plates, after further 
diminution in the total bacterial floia has occuiied, and, as in the case of 
brilliant gieen bde cultuies, an actual incicase in the numbcis of typhoid or 
paratyphoid colonies has taken place 

BrilUant Green Sohiiton — The brilliant green at present obtainable is much less satisfac 
torr for the isolation of tj^plioid bacilli from feces than that formerly obtainable, oning to a 
decrease in its sclcetive action While hitches of the djo can bo found that are fairly suit 
able for brilliant green agar, it has been impossible to obtain am recent dve that mil sene 
the purpose in bile Tor this reason attempts nere made to alter or modify the dje in the 
hope that its selectiic action could therein be increased 

The following treatment has been found, in most instances, to increase greatly the selec 
tive action of brilliant green A 5 per cent solution of the dje in N/3 hydrochloric acid is 
ciaporated to a sjrupi eonsistcnci * over a boiling natorbath The evaporated dje is redis 
solved in distilled nater to make a 5 per cent solution and kept for use When the dve is dis 
solved in the acid, a color change takes place — a jellow or burnt orange — but the final color 
13 again green 

The proper concentration of the treated dye is determined by titration Pifteen c c of 
bile (Digestive rerments Co, dclndrated bile) is placed in each of a senes of 1 oz bottles 
To the first bottle is added 2 5 c c of the 5 per cent stock solution (concentration 1 120) , to 
the second, 2 0 cc (1 ISO), and decreasing amounts to the succeeding bottles to a concentra 
tion of 1 300 or 1 400, mth intervals betneen the concentrations of not more than 20 to 2o 
per cent In our experience the greatest selcetne action falls nithin this range, usually around 
1 200 Several (4 0) sots coveruig this range should be prepared to permit testing with sev 
eral specunens of ftcis The bottles arc libelled and stcidizod in the autoclaie 

To each bottlo is then added 1 c c of a 1 10 suspension of feces in salt solution and 
01 cc of a twenty four hour broth culture of B tjphosus The bottles are kept at room tem 
poraturot and a loopful from each streaked on brilliant giecn agar plates at the end of each 
twenti four hour interval for three daj s That concentration of brilliant green is used, for 
the particular batch ot bile in question, nliicli gives the greatest jaeld of ti^phoid colonies, 
together lutli the most pionouncod inhibition of fecal bacteria 

This titration is absolutrli/ essential to the success of tin method It is adiisable, also, 
as a further check, to test the finished batch of brillnnt green bile mth seicral different spcci 
mens of feces seeded with tj-phoid This medium is satisfactorj for blood and urme cultures, 
as well as for feces 

The brilliant green agar used for plating must also bo carofullv titrated AVc prefer 
brilliant green Undo agar, as it gives, in our hands, better differentiation between lactose and 
nonlaetose fermenting colonies Whether Krumwiode’s agar is used or briUiant green Endo 
agar, the proper concentration of dj e is determined for each lot of agar ’ 

It cannot he emphasised too stiongli/ that the success of the method lies in catefidly dc 
iennining the proper concentration of the dye for each new hatch of hrilliant green, each new 
hatch of hile, and each new hatch of agar It is possible with this method to obtam, mth 
many specimens of feces, almost pure cultures of tjphoid for several dajs after the prepara 
tion of the specimen 


•The end-point described for tlie evaporation process seems somewhat indefinite but as 
matter of fact there is a fairly wide range wltliin which tlie action of tlie d> e is satistao 
If evaporation is stopped before tlie sjrupy consistency is reached tlie resulting solution i 
hibitorj to B typhosus wliile if carried to a gummy consistencj it is no longer Inhimtoo 
B coll Between tliese points, batches of dje with reasonably good selective action can aim 

alwajs^be^b^ned^ studies at 20” C and 37” C indicate that the 

much less pronounced at the higher temperature with consequent Increase in numbers of B 
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Prcpaiaiion of Bile Medium — DissoIac 100 grams Bacto oxgall (Dlgestl^e 
Femeuts Co) m 1000 cc distilled Aiatcr, and sterili7e foi tliirtv minutes at 
15 pounds piessnre The Digestue Ferments Co labels bear a numbei All 
bile of the same numbei mai be used mthout additional titrations for the proper 
brilhaiit gieeii content 

Picpaiation of BiiUiant Giccii Undo Agai — Fort^-one and fi\e-tenths 
grams of deh^dratod Endo agai (Digesti\e Ferments Co ) are dissohed in 
1000 e c of iiatei and steiili/ed foi fifteen minutes at 15 pounds pressure The 
medium is then giieu a lot number, titiated and placed in the cold room until 
readi foi use Each leferenee number on the label of the bottle of dehydrated 
agar is noted and each nen lot is numbered 

Tiiiatwii — Five flasks, each containing 200 cc of Endo medium, are 
melted, and to these aie added inci easing concentrations of the 5 per cent bril- 
hant green solution cocci ing the range vitliin nliich the proper dilution lies 
(this IS usually between 1 100,000 and 1 250 000) 

A plate of each dilution is then streaked for two successive davs with a 
loopful from a briUiant green bde culture prepared twentv-four hours before by 
adding 0 1 c e of a teventv-four-hour broth cultuie of B typhosus and 1 0 c c of 
1 10 dilution of feces in salt solution to 15 c c of brilbant green bile That con- 
centration IS chosen -which gnes the most complete inhibition of fecal bacteria, 
and at the same time no marked inhibition of B tvphosus as endenced by the 
number and size of the colonies 

It IS ad-visable to set up three oi more such bottles using a different specimen 
of feces in each, since some feces contain organisms not readilv inhibited by the 
dve and others mai jneld almost pure cultures of B tvphosus, in either case, 
consequentlj , a clear-cut titration is not obtained 

Pieparation of Sugai Biolli — ^Prepare plain beef extract broth, to which 
IS added 1 per cent Andrade indicator (reaction adjusted to indicator — P h T 2- 
7 4) Place in small tubes (I/ 2 " by 4") in 2 c c amounts -with fermentation 
tubes® and sterilize for thirty minutes at 15 pounds pressure Then add asep- 
tically the sugar solutions (0 05 c c of 20 per cent solution, to make 0 5 per 
cent) IMark sugars by coloring cotton plugs -with different dyes as a means 
of identification and sterilize in Arnold sterilizer for sixty minutes Incubate 
for sterility and test -with kno-wn stock cultures 

Stoclv Sugai Sohiiions — ^5Veigh accuiately 1 gram of the sugar and dis- 
solve in 5 cc of distilled -water (making a 20 per cent solution) Stenlize 
for twent-\ minutes at 15 pounds pressure 


SoDivii PoTCSSiCM Taptpate AIedilii* 


Agir 

Distilled -water 

-Xlcoliol sol phenol red (2 per cent) 
Difco peptone 
Sodium potassium tartrate 
Sodium chloride 


20 grams 
1000 c c 
12 cc 
10 grams 
10 grams 
o grams 


10 to conienient 

10 10 12 mm lengths 


made bi sealing 6 to S mm tubing at the end and cutting off in 
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Adjust lueclium to Pn 7 6 7 8 tube, steiih/e foi t^\ent^ minutes at 15 
pounds piessuie and slant Incubate foi stenhti and test uith knonn cultures 
Stole in the cold loom It has been oui obseiiation that the medium should 
be fresh Tubes uliieh haie been made foi some time (tno necks oi loiigei) 
even though stoied in the ice bo\ fail to giie sharp leactions 


SnnioNs’ CiTKVTF Acir 


Agar 

20 0 

grams 

NaCl 

5 0 

grams 

MgSOi 

02 

grams 

(NUi) HPOi 

1 0 

grams 

K"II POi 

10 

giams 

Soebum eitnte (anlijdrous) 

20 

grains 

or (5V. HO) 

2 77 

grams 

Distilled water 

1000 

c c 

BroiiitliMiiol blue (15 jhi cent in bj jiei cent alcohol) 

10 

c c 


Adjust to Pn 6 8, add indieatoi tube steiili/c foi tnentj niiiiiites at 15 
pounds picssure, and slant Incubate o\ei night foi steiility, test nilh known 
cultuies and place in cold looni 

CoUcetton of the Upcitmcn — The biilliant giecn bile is used for blood 
(5 to 10 c c ), uiiiic (10 to 15 cc ) and feces (about 01 giani oi about the 
size of a small bean) It is icii impoitant to gne instiuchons that onh a 
small amount of feces be added as laigei amounts mil absoib so much of the 
die that oieigionth bj fecal bactena lesults 

Ibolaiion and Identification — Foi the ti phoid-pciiatjphoid gioiip, spcci 
mens aie leceiiccl into the laboiatoiy in biilliant gieen bile Foi the dvscii 
teiies the usual 30 pei cent gljceiin in 0 85 pei cent NaCl is omploied Usual- 
Ij, upnards oi tncnti-foui houis elapse aftci collection befoie the specimen is 
examined The specimens thus pieseiied, aie stieaked on thiee succeeding 
dajs on biilliant gieen Biido agai and on plain Endo plates, one loopful fiom 
the buiface of each bottle being used, mthout agitation of the contents, the 
bottles being left at loora tempeiatuie in the meantime The puiposc of the 
thiee successive platings is to pei nut multiplication in the bile, of oiiginal small 
numbeis of oiganisms to a point ulieie tlici maj be detected on a plate stieaked 
mth one loopful of the eultuie, and to peimit fuithei iiiogiessne deciease in 
the numbeis of B coli and othei fecal bactena uhieh interfeie 

A maciobcopic slide agglutination test is made fiom cJiaiaeteristie colonies 
on the plates This gives picliininan evidence of the natnie of the oiganism 
If the colonj is tjpieal and if the peifoiniance oi the paiticulai seium and the 
dilution m which it is used aie knoini bj'- constant daiJi expeiience, a pielinn- 
naiv lepoit of specimens fiom clinical cases may be imniediateh made on the 
basis of this test alone ^ If conservatii elj' used, it is imaiiabh eonfiimed bi 
the subsequent fei mentation and agglutination tests 


•The lest is performed hj pWciiiE t. loopful of the nppiopnite serum dilution on tlie slide 
Touch the point of the needle Into the colon} to be tested md emulsify in Uie loopful of serum 
A positlte test is Indicated hr the foiimtlon of large clumps plaini} MSible to the naked eje 
Erch serum used for the macroscopic slide ngglutination test must be titrated against a uumuer 
of closeL related organisms (e g B t}-phosus parat}phosus A and B B morgani) and tne 
lowest dilution used which gi\es deflnite rapid agglutination (in from ten to fitteen 
with its homologous strain and no cross agglutination with the closeU related stpins (hee 
Park and Williams Patliogenlc Microorganisms Philadelphia ed 8 p 204 ) The clumps fof'g 
usuallj almost at once It agglutination is dclaaed or is incomplete it should he Interpreteu 
with c lUtion 
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Regaidlcss of tlic rcMilts ot the slide apirliitination suspicious colonies arc 
transfeiied to Russell double sugar tubes Fioni the Russell tuhc-^ fermentation 
tests are made on the following carbolndrates adonite, mannite rhamnose 
saccharose and soibite These ti\c fermentable substances hacc been found par- 
ticularlv useful for pui poses of identification Adonite is perhaps the least 
essential but it often serces to detect certain members of the colon group \chich 
iield colorless colonies on Endo aftei tnentx-four lioui-s’ incubation 

In addition to the carbolic diate media tubes of citrate agar tartrate acrar 
and peptone c\ater (foi indol test) arc inoculated 

At the same time a plain airai slant is inoculated for a macroscopic tube 
agglutination test and the culture (RuS'.cll tube) from cchich the sugar broths 
are inoculated is emulsified in peptone water and a loopfiil from this streaked 
on Endo plates This last step gnes caluable information regarebng the char- 
acteristics of the colonics in pure culture and constitute a check upon the 
puritv of the culture in the carbolic drate media 

We hace found this “re-streak ’ plate particular! v useful as an aid in classi- 
fication Besides the colonv characteristics and the assurance of a pure cidtnre 


Tvdle I 

Cultural Reactiocs of Xonlactose Fermenting Inte^tin^l Bcctepia 
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foi flutliei Study, this second plating from the Russell tubes fiequently gives 
clear evidence of slou lactose-feimentmg stiains Altliougli the colonies on 
the original plate mar ha'ie been coloiless and the leaction on Russell medium 
tjTucal of a >Salmouella oiganisin, uhen plated again on Endo, such cultures 
often ferment lactose lapidlj’’ Theie is a consequent saiing of time in fuither 
identification -which miglit ha-^e been attempted, had this single step been 
omitted 

If a stiain is isolated uhich gives t-^-pical cultuial reactions but ■\\hich 
does not agglutinate -with the homologous monovalent seium indicated by the 
carbohydiate leactions, it is subeultuied dailj'- on plain agai slants Usuallv 
SIN 01 eight tiansfeis aie sufficient to lendei it agglutinable Stiains isolated 
fiom the feces aie, in oui c\pciienec, not often luagglutinable Blood cultures, 
on the othei hand, fiequenth shou inagglufinable colonies on the plate (as 
endenced by slide agglutination) The great majoiitv of these become agglu 
finable as soon as thei lune been tiansfeired to Russell tubes 

INTERPRETATION OE RCSULTS 

In the foiegoing desciiption of methods of identification too much sigmfi- 
cance should not be attached to minoi vaiiations Foi example, Morgan’s bacil- 
lus maj ferment sacehaiose sloivlj ^ A numbei of stiains in our collection have 
been found to possess this charaeteiistic It is, of course, veil luioun that 
freshly isolated cultuies of the disentery gioup may gne atipical reactions 
Agglutination -with kuouu inoiioi alent sciunis must ah\ajs be the final test, 
particulaily aftei seieial tiansfeis on aitificial media The seiological eharac 
teristies, as veil as the cultuial, tend to become stable, as a lule, after a few 
subeultui es 

A useful lead to the significance of anj unusual oiganism isolated from 
the teces ma^ be gained fiom an agglutination test -with the patient’s seium 
This is paiticulailv tiue of the paiadjsentenes and ceitam of the Salmonellas 
■which are not only difficult to classify inthout extended studj, but aie known 
to oecui sometimes in the healthy intestine Tests iiith the patient’s serum 
have been partieulaily useful, in oui oun expeiience, in detei mining the sig- 
nificance of Moigan s bacillus This oiganism lias been lepoited" as the cause 
of clinical paiatyphoid fe^el, but since it is not infiequently found in normal 
stools, its isolation alone is not sufficient to establish it as the cause of the infec- 
tion In a series of eases which we have studied,® we found that agglutinins 
weie invaiiablj pioduced against the homologous culture and that the agglutinin 
titei lose during the couise of the infection That an oiganism can be shown 
to have caused a icaetion on the pait of tlie host, and, fuithei, that this reaction 
is an increasing one, as evidenced by a subsequent stiongei agglutination, con- 
stitutes strong inesumptive eiidence that it is the cause of the clinical manifes- 
tations 

SPECIFIC CONSIDERATIONS 

Typhoid — The isolation of B t-vphosus fiom the feces is sufficient, coupled 
ivith typical clinical svmptoms, to establish the diagnosis With atjqneal clini- 
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cal s^^nptonls a posltl^e finding in tlic feces must be cjiialificd Ih the possibility 
of the earner condition 

One of the chief objections to cultural methods, on the part of clinicians, 
IS the delaA- in obtaining the result A prcliiiiinarA report, based on colony 
agglutination, maA often be given AAUthin tA\cntA-four hours Tf the colonv is 
tirpical® in appearance and specific agglutination occurs, a preliminarj report 
IS justified, Anth no more delav than Avith a simple Widal test It cannot be 
too strongly emphasized that expeiiencc is required for the colonv agglutina- 
tion The chief pitfall is nonspecific agglutination, due to the use of too lovr 
a dilution of serum AAuthin the langc of gioup agglutination Some tjphoid 
serums contain these group agglutinins to a greater degree than others, and 
are, therefore, not so useful foi this purpose All preliminary reports based on 
colonv agglutination should be confirmed bv subculture on Russell’s double 
sugar agar, from ivliich the usual eonfiimatoi-j tests may be earned on 

Our experience AAitli feces cultures for the diagnosis of typhoid has been 
very satisfactory, Avith the result that our laboratory noAv receives more speci- 
mens for cultural methods than for agglutination tests, thus indicating that 
the practitioner aviU utilize anv laboratory procedure that demonstrates results 
The tAqihoid hacillus is present in the feces from the time of onset of the 
disease, and m some cases CAen earlier (precocious earners) “ Feces culture, 
therefore, is a useful diagnostic method, regaidless of the stage of the disease 
In 108 cases of cbnical tA-phoid fever from Avhich a single specimen of feces 
Avas submitted, varvmg betAveen the thud and the forty-eighth dav of the 
attach, Ave isolated the typhoid bacillus m 86 or 80 pei cent Of those received 
during the first A\eek, 66 per cent Avere positive, during the second vreeh, 77 
per cent, during the third Aveek, 79 per cent, and after the tirenty-first day, 
100 per cent of this series yielded positne results 

Pat aiypJiosiis A — Judging from the literature this is relatively rare Little 
difficulty IS usually encountered in its identification 

Paraiypliosiis B — It noAv seems clear that this term has been apphed to 
tuo organisms uhich are quite distinct, bactenologically and clinically Jor- 
dan’s classification into Salmonella schottmulleri, Avhich usually causes prolonged 
paratjrphoid feyer, and Salmonella aertryckei, associated Avith explosiye food 
poisomng, has cleared up a great deal of the existmg hcAvilderment While 
this differentiation is not Avithout exception,! the two strains are baeteriolog- 
ically distinct and should not be confused Heretofore, many bacteriologists, 
particulaih in Gel many, hai'e tailed to make this distmction, and there is still 
a tendency there to consider the aettiycke type merely a yarietj- of the species 
paratyphosus B The Engbsh Avorkers, on the other hand haye complicated 
the situation bj describing many different strains — ^"Mutton,” “Neirport ” 
etc ubieh are, apparently, practically identical Avith S aertryckei That 
this confusion is becoming more confounded is mdicated by a recent desenption^A 


frcATn t . * 
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of an oiganism seeinmgl} belonging to tlie acitiyclc species, mIiicIi, because it 
sliOMs ceitain seiologic diffeiences lias been guen tlie name “Salmonella East- 
bouine ’’ It is questionable nhethei ininoi antigenic clilieiences n an ant tlie 
Cl cation of a nen species On this basis it noulcl be just as logical to name each 
inclnidiial stiaiii of S iiioigani as a sepaiate species As Joidan lemarks'' 
“Until the lange and significance of antigenic laiiation become moie fulh 
understood than thev aio at piescnt the iniiltiplieation of specific iiaiiies niai 
nell be kept on a conseiiative basis ” 

Pmaiyj>lwsns “C ” — It is non gencrallv belieied that this stiain found 
in the Balkans and elsenheie duiing the nai, is identical ivitli B suipcstifei 
(S cholciac sms) 

Moiqani ^>0 1 — Siniilai to the p.irati phoid bacilli in its gieatci icsistaiice 
to biilliant giecn this oiganism is more casilj isolated fi om feces than is 
B tiphosus As alicadv mentioned,' ® it has been recovered fioni blood cul 
tines as nell as from the feces in eases c'linicalh lesembling paiatyphoid feiei 
It has also been lepoited” as the cause of a se\cie iilceiatne colitis Since 
it IS found, not infiequcnth , in the feces of noimal persons, its significance is 
doubtful unless the isolation fiom the intestinal tiact is suppoited by a positne 
blood eultuie oi a positne agglutination test nith the patient’s seium At any 
rate, such a finding should not be siimmaiilv dismissed as of no inipoitance 

S Eiitei ificbs — This oiganism, togethei Mith S choleiae suis, has been 
found associated nith eases of food poisoning but thei aie laieh isolated fiom 
human feces In the study of some 20,000 feces cultuies in Alabama we have 
not once found these bacteiia 

The Di/scnfciy Gioiip — Heie, more than nith any other intestinal patho- 
gen, IS the laboiatoij confionted uith technical difficulties on the one hand, 
and, on the othei, nitli the necessitj of isolating the causative oiganism as 
the onh suie pioof of the cause of the infection Eien more common than 
foi B typhosus is the occuiieuce of disenteij’' aggliitinins in normal poisons^* 
Cross-agglutiiiation betueen tlie difterent nicmbeis of the gioup is a common 
phenomenon and one must lesoit to cultiual methods to establish the diagnosis 
Yet the proceduies at oui command die notoriouslj uncertain Emicliment 
methods fail because theie is no selectne medium as in the case of the tjphoid- 
paiati phoid gioup The d>senterv bacilli aie fragile, and aie oveigiown 
lapidlj, necessitating the use of ficsli specimens 

The ideal piocedure foi collection of the specimen is to hosiiitalize the 
liatient, collect the specimen uitli the aid of a jiroetoscope, and stait the cultures 
at once, at the bedside if the laboiatorj is at all i emote The specimen should 
be carefully evdmined foi fleclis of blood and mucus These should be selected, 
iinsed in biotli oi salt solution, and stieaked on Endo plates Lacking these 
facilities, fail results may be obtained by preseiving the feces in 30 pei cent 
glj eerm 

The most common member of this gioup in the United States is the Plexner 
strain, but in outbreaks of disentei^, laiiauts eithei cultural oi serologic, may 
oecuP“ and a stiain should not be too hastiJi discarded as of no importance, 
nieiely because it does not eonfoim in all respects to the Uqie Heie again, 
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agglutination tests nitli the patient s seiiiin niav be nscfiil in establishing the 
signifieancc of a questionable ciiltuie Accouliiig to Koser and his associates,”' 
the Sonne tipe is not nnconiinon as a cause of d^selltcl^ in this countrj 

Bdatcd Baciena of Doithiful Significance — Eierionc mIio has had extend- 
ed expel lenee Aiitli fecal bactciiolog\ has found numerous nnclassifiable bac- 
teria -tthicli siifficienth resemble the established pathogenic tipes to cause at 
least niomentaii confusion 

Since the fiist difteieiitiating ciitciion upon nliich all diffeiential media 
are based is failiiie to ferment lactose natiiralh an\ nonlactose-fermenting 
colony found on the plates should iighth excite suspicion Too much importance 
should not be placed on the colony eliaiacteiisties such as shape, size opaclt^, 
etc since colonies of the same strain ma^ ^al^ markedh, paiticularly if the 
organism is susceptible to dissociati%c changes The culture on Russell’s double 
sugar agar turnishcs a basis foi the rapid elimination of iiiani of these bac- 
teria nhicli liaie no significance as clisease-piodiicers In most instances the 
charaetei of the giowth mac at once eliminate the culture as of no importance, 
ynthoiit the necessiti for fuither study Slide agglutination is a useful rapid 
method of obtaining pieliminary information The sugar reactions foRoxyed 
he specific agglutination in knomi mono\alent serum then establish the charac- 
teristics necessary to indicate nhethei oi not further study is yarranted 

In spite of these procedures ^yhlch seme, in most instances either to iden- 
tify or eliminate the culture one not infiequently finds strains yhich ditter 
fiom some classified member of the Salmonella group only in their action on 
a single carbohydrate "^e ha\e a collection of some 200 such stiains, almost 
men one differing in some respect from the others They haie been isolated 
from normal feces as yell as from patients mth enteric disease Some resemble 
parat^•phosus B except in their inabilit\ to utilize sorbite Others fail to 
ferment rhamnose and none agglutinates in any parat-vphoid B serum which 
ye haye used From time to time, considerable study has been giyen to these 
cultures, but their chief bacteriologic importance seems to he in their confusing 
resemblance to the known pathogenic Salmouellas with the eonseciuent neees- 
sitc for their differentiation in arrinng at the etiologic agent in any given ease 

CONCEUSIOVS 

"^e haie tiled to show (1) that intestinal bacteriology has an essential 
place in the diagnostic laboiatory and (2) that bacteriologic studies of the feces 
are of practical importance, from the standpoint of both promptness and 
accuracy 

Much excellent clinical material yliieh yould add to our knowledge of 
this difficult field of bacteriology undoubtedly goes to waste for lack of oppor- 
tunitc for thorough stucb If more of these patients could be made ayailable 
for bacteriologic examination not onh yould the laboratory benefit by the 
accumulation of information but clinical medicine youd be impioyed by more 
accurate diagnosis in many baffhng and obscure conditions 

The methods at our command aie be no means perfect, but it has been 
oiir experience that, yhen intelligenth and conscientioush used they compare 
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favoiably with manj’- o£ our accepted examinations Tlieii very lack of per- 
fection and oui inadequate knowledge are incentnes to more extensive, as well 
as intensive, study There is a laige field foi reseaieh among the intestinal patho- 
gens, not only m technical methods foi then isolation and identification, but 
also to iiiciease our Imou ledge of their significance as the causative factors in 
enteiic diseases 
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exa^iination akd identification op protozoa* 

B\ Ernest C vrkolij P ve^st, jM A , Pn D , New Orlean's, Ea 


IVTRODECTIOX 

T he protozoa found m human tissues and exudates include forms belonging 
to all four major groups of the Phvlum Protozoa, namelj the Rhizopoda, as 
illustrated by Endameba histolj-tica , the ilastigophora as illustrated bv the in- 
testmal flagellates and the trj'panosomes , the Sporozoa, as illustrated bj the 
malaria plasmodia, and the Ciliata, as illustrated bi Balantidium cob 

Some of these organisms are strictly tissue parasites, others may be re- 
garded as facultatne patliogens, and still others are harmless forms of a 
coprozoie nature bving in or passing through the intestinal tract For pur- 
poses of eonvemence it is desirable to consider these protozoa under two cate- 
gories, (1) those bring in the intestinal tract and adjacent organs and (2) those 
piunarih imohmg the hematopoietie oigans blood stieam and other bodi 
tissues 

I PrOTOZOV of THE IXTESTINVE TrACT AND AdNEXA 
1 The amehae (Class Blnzopoda, Oidet Amociida) 

The amebae found m the gastrointestinal tract of man include Endameba 
histolytica, Endameba cob, Endameba gingivabs, Endobmax nana, lodamoeba 
butscliln (rel wilbamsi), Dientamoeba fragibs and the rare form Caudamoeba 
smensis One of these species (E gingirabs) is parasitic in the human month , 
the others hie m the lower lei els of the intestine, being confined almost exclu- 
sively to the large bowel Of these latter E histoljdica and Caudamoeba sinensis 
are tissue parasites, while the remaimng species bve free in the lumen of the 
large bowel and are regarded as nonpathogenie 

TECHNIC FOR EX-rVMINING INTESTINAL EXUDATES FOR PROTOZOA 
111 routine laboratori diagnosis I use the following equipment 
1 A good compound microscope, with periplanatic oculars >-6 and xlO, 
16 mm 4 mm and 1 9 mm objectives (either achromatic or fluorite) , and a 
meehamcal stage 

2 A daybght blue electric lamp, used as a constant source of bght 

3 Fecal slides (40 x 75 mm ), of clear white glass, clean of dirt and oil 
film 

4 Cover glasses (22 mm square, not over 18 /x in thickness), spotlessly 
clean 

5 Toothpicks and specimen appbeators 
6 A dropping bottle of phj siologic saline solution 

7 A droppmg bottle of Donaldson s iodine solution (saturated solution 
0 iodine in 5 per cent aqueous potassium iodide) 

McaicU^SchJ.oV''" Laboratory Department ot Tropical Medicine Tulane Lnltersitj 

639 



640 


THE JOtUNAL, OP lABORVTOR-V AND CLINICAL MEDICINE 


The folloM mg teclimc is einplo 3 ccl A fleclv of tlie specimen to he examined 
IS thoionghli mixed on the slide in a diop of plnsiologic saline solution Tins 
IS stieaked acioss tno eovei glass widths and a co\ei glass placed oiei one half 
of the him A small diop of the iodine solution is then mixed with the uncoierecl 
poition of the film and eoicied with a second cover glass The film is first ex- 
amined with the 16 mm obieetne and ani suspicious obiects then studied with 
the 4 mm lens On the unstained side nctnc stages (tiophozoites) and cjsts 
will be found in then natui al In aline color , on the iodine stained side these 
organisms will be stained so that the chroma tin iiiateiial stands out in light re 
lief against the jellowish blown ejtoplasui In other words, the prctirre with 
the iodine staining is csseiitiallj tlie icicise of that obtained bj' the iron heiiia- 
toxjlm technic The iodine also stains the gh cogen masses a more or less deep 
mahogany brow n 

A 2 gram portion of each foimed or seniifoinied specimen is also diluted 
with 20 c c of water, strained tliiougli gauze and centufuged This fiequenth 
xnelds cists where the undiluted film is negatne At least three separate speci 
mens and preferably six are requested for examination before a diagnosis of 
“negative” is finallj entered Preshh passed specimens (not over tliiiti mm 
rites old) are most satisfaeton Specimens containing oil of am land are piac- 
ticalh worthless for examination and one passed after a saline purgative is 
almost as unsatisfaetorj 

Occasionally (perhaps in 5 per cent of the cases), it is desiiablc to check 
the tempoian iodine films with a Schandinn-fixed iion-hematoxvliu stained 
preparation But expeiicuee with oier 50,000 fecal CNaminatious has showm 
that the one method is as dependable as the other, and the simplicitj’- of the 
former leaves much to be said in its favor Howevei, iii case hematoxjlm stained 
preparations are desired, the following technic is i ecommended 

1 Smear fecal inateiial on slide eienh and not too thick 

2 Place slide in Schaudinii’s fluid^ heated to a temperature of 60° C 
Leave in tw o minutes 

3 Transfer to 70 per cent alcohol, two minutes 

4 Transfer to 70 per cent iodine alcohol, two minutes 

5 Transfer to 70 per cent alcohol, two minutes 

6 Transfer to 50 per cent alcohol, tivo minutes 

7 Wash in running water two minutes 

8 Transfer to 2 per cent aqueous non alum solution at 40° C , two minutes 

9 Wash in i unning w atei thi ee minutes 

10 Transfer to 1/2 pel cent aqueous hematoxylin two minutes (This time 
may vary according to the strength of tlie stain ) 

11 Wash in water two minutes 

12 Destain in cold 2 per cent aqueous non alum 

13 Wash 111 running water ten to fifteen minutes 

14 Bun through 50 per cent, 70 per cent, 80 per cent, 90 iier cent, and 100 
per cent aleoliol, two minutes each 


'Schaudinns fixing Buld Piepare the solution as follons Saturated 
curie chloikle in distilled vater 200 cc 9 '> per cent alcohol 100 cc. glacial 
(The acid should not be added until the fluid la to he ustd ) 


solution of mer 
acetic acid, lo c.c 
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15 XaIoI t^\o minutes 

lb Mount m balsam or ouparal, usiu<r a No 1 co^er glass 

F\DVMIU\ HIST0I\T1C\ (Fig 1 M-1 F) 

Tins organism is the uell-knouii tissue pathogen It commonlv lues in the 
wall of the laige bouel paitieulaili the tetuni and appendix hut occasionallv 
the adnacent lex els of the ileum max he inxolxed feecondaiilx this ameha raay 
nugrate through the blood stieam to the lixer, xxliere a focus of infection max 
develop , more rarclx” the lungs brain, and other organs max he parasitired 

In an acute or subacute enteiitis, the organism xnll he passed in the actixe 
(trophozoite) stage (Fig IJ.) ni a luiuid oi semiliciuid exudate containing 
manx led blood cells neciotic tissue cells, but rclatixclx fen pus cells In order 



1 — Endamebn. histoU'tica A active trophozoite B, prec 7 stic stage 
large races of evsts 4 B xlSOO C-F x2000 


C~F small and 


to make a satisfactoix diagnosis of such material it is essential that the freshly 
passed exudate should be examined unmediatelx upon being passed care being 
taken that it is not chilled A fleck of the bloodv mucus is placed on a clean 
microscopic slide, diluted xvith tepid plixsiologic saline and mounted xvith a 
clean eoxer glass These amebae xvill be seen moxnng about quite actively in 
the medium, throxxing out their clear pseudopodial processes first in one direc- 
tion then in another, xnth the nucleus near the forxvard end of the organism 
Thev xaix m size fiom IS to 40 fx Frequentlx thev xnll be found to contain 
ingested red blood cells and rarelv bacteria IVlide it is at times po<5sibIe to 
find this aetixe stage of E bistohdica in the stool for sex oral hours after exacua- 
tion It frequentlx- dies in a half liour or less partieularh m an exudate xvliere 
putrefaction is going on In a somidegenerate condition, it max- be confused 
"nth monoex-tes, xibicli lion ex cr, haxc much larger nuclei The lar"e 


mono- 
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nucleais in bacillaiv dysenteij exudate aie fiequently mistaken foi B liisto 
Irtiea It is a safe principle never to diagnose sncli a foim as an ameba unless 
definite moieinent is demoiistiated At times these amebae have degenerated m 
the lumen of the large boivel and an otherwise typieal exudate will shorn no liv- 
ing organisms Undei such ciicumstanees a high pioctoscopic examination mai 
leieal t'vpical ciateiiforni ulceis, fiom the centcis of which Ining amebae mai 
be obtained It must be emphasized, hoivevei, that only about 37 per cent of 
amebic lesions oecui in the rectum and that the greatest number of primaiv 
lesions oeeur in the cecum and appendix, which cannot be examined wrth a tube 
Cysts of E histol^diea aic not passed in a liquid exudate, nor docs enejstment 
occiii in such a medium aftei it has been expelled from the bowel Chareot- 
Leyden crystals aie frequently seen in typical amebic disentery exudate 

The encAsted stage is found in foimed stools of both eairier cases and those 
haling an intei mitten tl 3 foimed and liquid stool These cysts aie typical (Pigs 
1 (7-1 F) They aie spherical bodies, 9 to 16 /r in diameter, ivith a thm cyst mem 
biane, finety gianulai cidoplasm, and one to foui nuclei, depending on their 
degree of ripeness These nuclei aie chaiacteiistie, mth a fine chromatin dot 
(kaiA’-osome) in their center suspended in a stellate net of achromatic fibrils, 
and a peiipheral chain of beadlike oi plaquelike chiomatin particles just witlun 
the nucleai membiane Theie aie no red blood cells or otliei undigested food 
pai tides withm the ejst, these haie all been expelled just before encj station 
oceuis Hoirevei, in about 10 pei cent of the ejsts one oi more sausage shaped 
chiomatoidal bodies are found in the cj-toplasm These have a eluoraatm stain- 
ing leaetion and are regarded as excess cluomatin extiudcd fiom the nucleus 
at the time of encystation 

In semifoimed stools piecistic forms of E histoljdica are not infrequently 
found These (Pig IB) aie uninucleate lounded-up specimens, from w'hich 
the undigested food has been oi is about to be extruded, but as yet without a 
cj^st wall If the stool is allow ed to desiccate they will fi eqiiently encyst 

In examining foi B histolidiea in amebic hepatitis it should be remembered 
that the organism is not conimonlj found in the material aspirated from the 
“abscess" canty, but Incs in the wall of the pocket and can be aspnated out 
aftei the pocket has been diamed Only trophozoites occur in this location 

Some woikers prefer to place a poition of each sample suspected of haibor- 
ing B histoljdica in a culture medium and incubated at 37° G for twenty-four 
to foity-eight hours Piobably the most satisfactoiy medium is that of Boeck- 
Drbohlai' (1925), consisting of a slanting egg substratum and a supernatant 
layei of Locke’s solution (serum-egg albumin) The amebae grow best along 
the sill face of the sobd substiatum However, this technic can never take the 
place of the routine examination of gloss and concentrated samples 

Craig (1927) has introduced the use of a complement fixation test both 
as a loiitine and a cheek foi microscopic examination foi B histolytica Tins 
IS a valid method in so far as theie is a systemic reaction in the patient harboi- 
ing the oiganism 

E histolytica may be expected m 5 oi moie per cent (up to 50 per cent) 
of the population of anj^ given aiea m the United States, the amount of Bie 
infection depending on both latitude and local sanitarj conditions 
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CAUDAAIOEBV SIXENSIS (Fig 2 A-2 B) 

Tins organism lias been found in four cases of acute amcbie enteritis in 
native patients in Peking, China (Faust, 1923) Onlv the trophozoite stage 
has been seen It is distinguished by ha\nng an almost constant floiviug inoi e- 
ment fiom the foivard end of the oiganism, and at the opposite end a small 
but distinct caudal process The nucleus has a stellate kamosome and lacks 
the distinct peripheral chromatin beading of E histoPdiea 

EVDl.MOEBV GVKGIVALIS (Fig 3) 

This organism Iiacs in suppurative pockets in the gums, particularly in 
persons having pvorrhea Scrapings of the gums around carious teeth fre- 





quenth yield this organism, ivhith is fairly actne at body temperature The 
pseudopodia are limpid clear but small, there is a tendenev for several to be 
extruaed at one time These amebae range in size from 10 to 40 fi and have a 
narrow marginal ectoplasm and a highly vacuolated granular endoplasm The 
nucleus has a kariosome, usually central in position and a ring of chromatin 
granules 3 ust within its membrane Food vacuoles contain bacteria and white 
cell casts, possibh also red blood cells Although the organism probablv has 
an enei sted stage it is doubtful if the cyst has ever been observed 

EXDMIOEBA COLI (Fig 4 A-i E) 

Endamoeba eoli is the most common protozoan found in the stool This 
organism niai he seen in the trophozoite stage in diarrheic stools or after a 
saline purgation (Fig iA) It lanes in size from 15 to 50 p The evtoplasm 
IS graiish green and is ver^ granular The movement is sluggish and little 
difference can be found between ectoplasm and endoplasm Usually there are 
seieral food latuoles containing bacteria and vegetable cells The nucleus is 
arne and is readilv seen in unstained specimens The kamosome is either a 
single cxccntric mass or is composed of a clump of several chromatin granules 
lere IS a peripheral band of coarse chromatin granules In lodine-stamed 
ms t lie trophozoite frequenth contracts into a dense almost opaque mass 
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The cjst (Fi" 4 7J-4F) is spheiical oi snbspheiical, vanes in size from 
10 to 33 5 /j., has a lelativelj thick capsule and a dense ej’toplasm, in the midst 
of vliich can he seen the distinct nuclei (1 to 8 oi rnoie, dependni" on their 
stage of iipeiiess) Tliese nuclei are host obseived in lodine-stained films If 
fi^e 01 moie nuclei can be counted (Pig 4Z)-4F), there is leasonable ccitamty 
that the oiganism is Endainoeba coli, although raiely up to 8 nuclei haic been 
found in E histolitica cysts In uniipeiied cysts uith 1 to 4 nuclei, it is neces 
saij to deteiniine the nuclear stiuetuie Occasionallj chi oinatoidal bodies oc 
GUI , these (Fig 4 7)) aie faleifoini oi splinteied stiuetiues, leii" diffeient fiom 
the chioniatoidals of E histohtica cists Fioin tune to tune E eoli cists slioii 



dense diffuse glycog'en masses (Fig 4B-4C), uhicli obscure the othei stiue- 
tuies in the iodine stained piepaiation The Councilmania lafleuii of Kofoid 
and Siiezy (1923) is legaided by most iioikeis as an aberrant forai of E cob 

EXDOMMAX NANA (Pig 5 A~5 D) 

This little anieba is a common inhabitant of the intestinal tiact lu 
diairheie oi semifoimed stools, it maj be seen in the tiophozoite stage ivith 
gianulai vacuolated endoplasm and clear limpid ectoplasm, the lattei frequently 
thrown out as hyaline pseudopods (Pig 5 A-5 B) The nucleus of the motile 
stage IS not usually seen in unstained specimens The cvst (Pig 5 C-5 B) is 
01 al 01 less commonly loiinded (6-10 /x), has a distinct iiall, a distinctly vacuo 
lated cytoplasm and 1 to 4 nuclei, iihicli look like punclied out holes vitli a 
lateiallj' disposed chromatin clump The chiomatoidal masses in the cjdoplasm 
aie small and frequently ciescentie Diffuse glycogen masses in the cjdoplasm 
are not uncommonly seen (Pig 5 7)) 
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lODVAIOEBN. DET‘=;cnEII (Fig 6 A-6 D) 

Tins species IS iiei Cl as coninionh encountered as E liistohtica E col i and 
Endolimax nana It is most usualh obsci\cd m formed stools The tiophozoitc 
(Fig 6 A) varies m si/e fiom o to 20 p is sluggish, the endoplasm is fineh granu- 
lar and the nucleus nhich is seen nith dlff^cult^ in unstained specimens has a 
laige chromatin blob suiioundcd bv a more or less stellate fianie of “peripheral 
chiomatin ’ The evsts (Fig 6B-6D) arc fiequenth lefened to as “iodine 



Eig o Fig f 


Fig 5 — EndoUmax nana -I B tropliozoitea C D ^2000 

Fig C — lodanioeba butvchlii A trophozoite B-D c\st'5 y2000 



' Dientamoeba fragilis -I B trophozoite*; C J3 "sts >-2000 
rig S — RepreventatUe specimens of BHstoctstis hominis from human feet** y’OOO 


S' Sts because of the laige defiiiiteh delimited ghcogtn mas, tvhieh stains a 
maliogant bromi m the iodine treated piepaiation Thev are irregularly oral 
or rounded tait m size from 6 to 17 /t and hate a distinct capsule There is 
usualh onlv one nucleus nhich is similar to that of the trophozoite stage The 
crtophisni lias one or inoie vacuoles but no cbromatoidals have been described 


dientvaioebv fr.vgili« (Fig 7 A-7 D) 
ameba is usuallv found to hate tt\o nuclei m the trophozoite sta-e 
imo' I alAough unmueleato and quadnnucleate active forms hate 
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and has clear lobate oi smnsate pseudopodia The endoplasm is gianular and 
contains food vacuoles The stiiictnie of the nnclens is chaiactcnstie, i\ith a 
delicate membxane, and a collection of seveial distinct Icaryosomal granules near 
the centei Uninucleate and binucleate cjsts (Fig 7 C-7 D) have been ob- 
seived by Kofoid, but the oigamsm is usually so delicate that it degenerates 
lapidly in passed stools 

Coimcilmania tenuis, C dissimilis and Ivaijmmoebina laleata, foims dc- 
seiibed bj Kofoid and lus colleagues (1924, 1928) appaiently have not been ob 
ser%ed by other vorkcis 

BLISTOCISTIS HOAIIKIS (Fig S*4-8D) 

Although this j^castlike oigauism is in no wise i elated to the amebae, it is 
fi equently confused vuth tlieni by the unsuspecting diagnostician These organ- 
isms are spheiical, coloiless, highlj’’ refiactile and ineasiue fiom 5 to 30 /i m 
diametei, mth a eonsideiable si/e taiiation in anj paiticulai specimen of stool 
They consist of a vacuolated eeutei suiiounded by a thin peiipheial rim of cyto 
plasm vith one oi more nuclei The bod3'' is enclosed in a i datively impeimeable 
capsule At times dniding dumbbell foims aie seen These organisms fre 
quentlj” shiink in the lodinc-stained films 

Blastocjstis IS most commoulj’' found duiing tlie season vhen fiesh fruits 
such as giapes, apples and peais, aie eaten xav This oigauism is a most serious 
contaminator of E histoljdica cultuies 

2 Flagellates (Class Mastigophota) 

The flagellate piotozoa found in the gastrointestinal tiact of man include 
Trichomonas hominis. Trichomonas buccahs, Chilomastiv mesnili, Giardia lam 
blia, Embadomonas intestmabs, Embadomonas sinensis, Bnteiomonas hominis, 
Tiiceicomonas lutestmalis, Cercomonas longicauda and Bodo caudatus Of 
these species Tiichomonas hominis, Chilomastiv mesnili and Giaidia lamblia 
aie the common intestinal forms, Tiichomonas buccalis lives in the mouth, and 
the other species aie vuthout doubt copiophagous nonpathogenic organisms seen 
from time to time in diairheic stools In addition, Tiichomonas lagiualis occurs 
in a fairlj high peicentage ot specimens of mine fiom female patients and is 
occasional! j*- found in cathetenzed mine of male patients 

TRICHOMONAS HOMINIS (Pig 9) 

This flagellate is a compaiativelj'' common parasite, gioiiiiig foi the most 
part in the upper levels of the large bowel It is most commonly obseived m 
diairheic oi semiformed stools and is appaientlj’- associated imth low gastric 
acidity, which permits passage of the trophozoite stage thiough the stomach 
without injmy to the paiasite The oigauism does not have a cystic stage The 
active organism is more or less heart-shaped, ivith a length varying fiom 7 to 
20 g and a breath of 3 to 7 /i. Its maiked motihty is due to the combined action 
of its flageUa, undulating membrane and plastic bodj^ Foims have been de- 
scribed with three anteiioi flagella (Tritiichomonas), fom anterior flagella 
(Tetratiichomonas) and five anteiioi flagella (Pentatrieliomoiias ardin delteili) 
Behind the base of these flagella on the vential side is a sbtlike buccal eantj 
(ej'^stostome) Arising from the point of insertion of the flagella and descend- 
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ant' alonf' the dorsal side m a slightlv spual course, is the undulating membrane 
^hich ends ueai the posteiior end of the hodv Attached to its margin is an 
accesson flagellum, nhich at times has a free ti ailing posterior end nliile along 
its mner margin is an asoncme Arising oust behind the flagellar origin and 
continuing thiough the body distalnards to break through the posterior end is 
the semirigid spikelike axosU le An oval nucleus may be seen near the anterior 
end of the organism The cytoplasm is finely granular and contains numerous 


yacuoies 



Fig- 5 Fig 10 Fig 11 


Fig 9 — Tncliomonas hominis x2000 

Fig 10 — Trichomonas buccalis y2000 (Adapted from Kofoid ) 

Fig 11 — Trichomonas laginalis y2000 (Adapted from Kunstler ) 


Trichomonas homims moves mth a nervous jerky, somemhat eorkserem for- 
ward motion The undulating membrane, which can be seen best when the 
ammaleule is more or less quiescent, is diagnostic for the genus Multiplication is 
b\ longitudmal bmarv fission 


TKICH03I0XAS BFCCALIS (Fig 10) 

Tins orgamsm (7-12 jr bv 4-8 ft) lives and breeds m the tartar around 
canons teeth and in pus pockets in cases of pyorrhea It has four anterior 
flagella and a delicate axosti le which barely protrudes beyond the posterior end 
of the body The nucleus is a large oi al body The undulating membrane has 
a decided twist neai the midbodv level 


TRICHOMOXAS VAGECALIS (Fig 11) 

This large flagellate species is found m vaginal smears and cathetenzed 
unne of a fairlv high percentage of women and is occasionally found in catheter- 
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ized mine of the male subject It measuies 15 to 25 fi in length bj 10 to 15 /i 
m bieadtli Tbeie aie foui flagella aiising fiom the slighth protnberant anterior 
end The undulating nieinbiane spirals to the poster loi end of the aninialculD 
but has no fiee tiailing flagellai teiimnation The neakly deieloped axostvle 
likeiMse has no fice teiniination The distal end of tlie organism is acutelj 
pointed and often cuived 

cuiLOMASTix MLSxna (Fig 12 -12 71) 

This flagellate oiganisni is found in both diaiihoic and solid feces In the 
foimei medium it is nsuallj in the tiophoroitc stage although nhen the material 



Fig- 12 — Chiloniastlx mesniH Left trophozoite right cjst x4000 

IS centiifuged enejstment fiequentlj results from the mechanical agitation, m 
the foinied specimen cysts aie the usual stage obseived The motile foim (Fig 
12 A) vanes fiom 6 to 24 « in length and 2 to 9 /x in tiansseetion The anteiioi 
end IS oral and the postenoi end is diavn out into a plastic caudal piocess 
Theie is a piououiiced eoiintei cloeknise toision to the bodj The conspicuous 
cytostome or mouth begins at the anteiioi end on the ventral aspect and extends 
backyard as a dumbbell-shaped cleft of the cjdoplasm ton aid the midplane of 
the body Projecting fiom the anteiior end aie three delicate flagella The large 
oval 01 subspherical nucleus can rarely be seen vithont hematoxylin staining 
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The c%-toplasra is Inaline finch gianulai and contains se\eial Aaeiioles The 
organism exhibits an actne jeiUx, spiral moxenient, dining nhicli the caudal 
process niav elongate consideiablv Repiodiiction is bv longitudinal fission 

The eiici sted stage (Fig 12 ZJ) is eliaractciisticallv lemon-shaped It meas- 
ures fiom 6 5 to 9 in length b^ 4 5 to 6 in bieadtli Iodine stained specimens 




Fig 13 — GiarOia lamblia, Lett \entral %iew of trophozoite center lateral Mew ot tropho- 
zoite right cjst. /-eOOO 



Fip 14 Emh-idomonas spp -I trophozoite 

D cjst of E 



and B c\st of E. intestinahs C 
sinensis y2500 


trophozoite and 


show evideuce, wi tlic cvtostome and Tetracted flagella as w ell as a definitelv out- 
bned em eloping cvstic capsule 


GII.RDIA LIAIBLIV (Fig 13 A-13 Cl 

tiophozoite stage (lig 13 J. and 13 B) wludi is found only m nn- 
led feces, this flagellate exliibits a verv rapid movement produced br the 
•1 pairs of flogelH arising from the xential side of the bodv The organrsmTs 
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top-sliaped m contom, a loimdccl anteiioi and a pointed posteiioi end 
Its dorsal side is rounded and its veiitial aspect cupped, so that on lateral riea 
(Fig 13 B) it looks something like a half peai nliicli has been cored The size 
ranges fiom 9 to 20 /t (length) by 5 to 12 /x (bieadth) The cjdoplasm is finely 
granulai and tno nutlei can usually be seen 

The cist (Fig 13 Cl, iihich is the stage of the oiganism most usually seen, 
IS 01 al, measuiing S to 14 ;x long bj 6 to 10 /t broad The cjdoplasm is definitely 



Pis lo — 4 Enteromoms Iiomlnis JB, C tropliozolles of Bodo caudntus D cjst of 

B ciudntus X2000 



Fig IG — Tricercomonas liominis Left trophozoite right, cjst 
(After Ifenjon and O Connor ) 


X2000 


sepaiated fiom the cm eloping tliin-i\ ailed hi aline capsule Usually foul 
spherical nuclei can be observed as iieU as the leti acted flagella Theie aie also 
short thick fibiils, iiluch may be associated vith the pioeess of lepioduction 
These cysts have a loii siiecific giavity and aie not leadily concentrated by 
eentiifuge methods Thej^ stain acceptably ivith the Donaldson’s iodine technic 


ElIBADOMONAS (WASKIA) INTESTINALXS AND E SINENSIS (Fig 14A-14D) 

These minute organisms (4 5-6 ft x 2 5-4 ft) aie uncommon compaied vuth 
Tiichomonas, Chilomastix, and Giardia The tiophozoite stage (Fig 14 
14 Cl IS iiiegularl}' ovate, biflagellate and has a slitlike cidostome One flagellum 
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frequently trails bacla^a^d acioss the c^-tostoine The cyst (Fig 14 141?) is 

p\Tifo mi (4 5-6 /X X 3 and casiK confused "With 'vcast cells These copropha- 
gous species are most commonly found in diarrlicic stools of persons liaving a 
gastrointestinal upset of a chronic or acute nature I liaie seen E intestmalis 
onee in catlietenzed urine from a female patient 

EVTEROMONAS HOAIIXIS AXD BODO CAUDVTOS (Fig 15 it-15 D) 

These minute suhspherical oi o\al biflagellate species occur in diarrheic 
stools of persons liavmg a digestii e upset Their minute evsts are easily con- 
fused mth veasts These aie not uncommonlv seen in contaminated stools 

TRICERCOMOX vs nOMIXlS (Fig 16 A-16 B) 

The trophozoite of this small flagellate (4-8 fi m transverse diameter) has 
3 anteriorly directed and one posteriorly trailing flagella The organism is ir- 



1" — Cercomonas longicauda Left trophozoite nght erst. >2000 (After Wenyon ) 

regularly oval, at times with a suggestion of a caudal projection The cyst 
(4 8 ,x.) is oral and usually hmueleate This organism occurs occasionally in 
diarrheic stools 


CERCOMOXVS LOXGICAITDA (Fig 17 A-17 B) 

The trophozoite of this smaU flageUate f5-16 is pyriform, has a smgle 
'cry long anteriorly directed flagellum and a posterior one which extends con- 
siderably beyond the posterior end of the body There are numerous granules 
surrounding the anteriorly disposed nucleus The cyst (4-7 is subsphencal 
aiiu shows the granule.s around the nucleus This organism is found occasionally 
m ciiarrheic stools 

3 The coccxdia (Class Spojozoa) 

luteshna'i ^roup has been definitely proyed to be a human 

tinal parasite This is Isospora honunis 
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ISOSPORA IIOAtlNIS (Fig 18 a1-18 B) 

The oiganism lives iii the villi of the small intestine of man, ivherc sehizog 
ony and the sevual pioducts deiclop and fcitilization takes place The presence 
of the paiasite piodnces a diaiihc.i, nlnch peisists until the parasites are spon 
tancoiish evacuated The stage lecoveicd fiom the stool is the ooeist These 
aie heaiilj’- nailed hj aline bodies, measuring 25 to 33 p in length b\ 12 to 1C n 
m Cl OSS section Thci aie niegulailj elongate o\al in slmpe and haie a deli 
cate capsulai poie at one end The capsule is scij lesistent to stains The im 
mature cjst (Pig 18 A) has a single blastomerc In oldoi stools this divides into 
tno, and fovu internal spoies of a timed sausage shape aie loiiiied fiom each 
of these (Fig 18 li) In the fi\e cases uhich 1 have peisonallr seen, tlie cjsts 
disappeaied fiom tlie stools in tuo oi thiee necks aftei the onset of the diairhea, 
m othei noids, as soon as the lufeetiou spontaneonslj cleaied up 
4 Cihates (Class Cibaia) 



Fie IS — Isospoin lioniinl'; Left c\‘it from Oeslih pnsseci feces rigrht mature c\'!t 
from cultured feces x2000 

Onlj one form of impoitaiice is found paiasitic in man This is Balantidiiiia 
eoli from the large bon-el 


balantidium coli (Pig 19 A-19 B) 

This laige infnsoiian foim is associated nith a pathologic process paralleling 
that of E histolvtica in the cecum, appendix, colon, and lectum It is found 
in man most commonly m the tiopics nheie monkeis aic iimfoimlv infected 
In temperate zones the pig is an important leseivou of the infection The 
trophozoite (Fig 19 At) is oial, slighth attenuated at the anteiior end and meas- 
ures fiom 30 to 120 /z in length hi 20 to 50 fi in gieatei transsection An antero- 
lateral rnvaginatioir leads into a distinct ej-tostome oi mouth canty The entne 
body is coveied vith mauj^ cilia, aiianged in spiralled rous These cilia aie the 
locomotor oigans Internally theie is a large kidney shaped ti ophonucleus and 
a small kinetonuclens vluch lies in the Iiilum of the trophonucleus Theie are 
also food \acuoles containing ingested staicb and other food particles The cjst 
(Pig 19 B) is spheiical, has a well-defined capsule and has a diameter about 
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that of the gieatci bioacTth of the ti oplio/oito Ti opho70itcs are most common m 
nnfoimed specimens Caic should he taken not to confuse tins organism ivith 
mimeious infusoiia uhieh get into fecal specimens fiom contamination 

II Protozoa of the Hematopoietic Organs Blood Stream and Other Boda 

Tissees 

1 The hcmoflagcUatci, (Class Mashgophoia Family Ti ypanosomulae) 

This group includes the tliicc species of Leislimania, L donovani, L tropica, 
and Li aniericaiia and the tliiee human trcpanosomes, Tri'panosoma gam- 
hense T rhodesiense and T cruzi These forms are usually diagnosed from 
thin blood or pulp smears, clued and stained A\ith VTright s or Giemsa s stain 



LEISHAIANLA DONOVANI (Fig 20 A-20 F) 

This species is the eansative organism of kala arar a visceral leishmaniasis 
producing a hyperplasia of the Ivmplioid tissue of the hematopoietic organ and 
the reticuloendothelial system In the human bodv the organism is a small oval 
01 toipedo shaped bodi parasitic in the cidoplasm of the endothelial monocrtes 
and ivandeiing cells (Fig 20 J.) and is occasionally found free in the circidating 
blood It nieasuies 2 to 5 /ti in length bv 3 5 to 2 5 in tiansverse diameter The 
ectoplasm stains a delicate blue tint the trophonueleus a delicate laiender or 
Aiolet and the rod shaped blepharoplast uhich lies at right angles to the tropho- 
nucleps takes a dark reddish violet or madder hue The most ready diagnosis 
IS made from splenic or hepatic pulp smears although biopsy of subcutaneous 
tissue ina\ locate the parasites In smearing tissue pulp the large heanlv para- 
sitized nionoei-tes freqiienth rupture and the minute parasite Mill be found 
spread out in a fan shaped area on one side (Fig 20 B) Frequenth only the 
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tioplionucleus and the blepliai oplast aie well stained Blood films alone are 
much less likely to have the oiganisins Since kala azai is seldom an acute m 
fection some diagnosticians piefci not to iisk spleen oi liver puncture and de 
pend on cultuie of the oiganism from tlic inonocjde layer of centrifuged blood 
cells, the cultuie being made on NNN media, ulncli is incubated at about 20 



21 — ^Trypanosoma gambiense In peripheral blood film x2000 
P 2 g 22 — ^Trypanosoma rhodesiense m peripheral blood film A usual form 
nucleate t>pe from rodent host. xSOOO 


B posterior 


22° C for three days oi more The flagellate stage of the organism (Pigs 20 0- 
20 F) is found in the water of condensation of the cultuie (Young and Van Sant, 
1923) 

Due to an excess of serum euglobuhn in the blood plasma of kala azar 
patients the addition of distilled water to a blood sample (20 cmm of bloo , 
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0 6 cc aq dist ) lesults in a flocculcnt piecipitate in positnc cases (Sia, 1921) 
Tlieie IS also a positne aldelmlc test when 1 c e of blood serum of a patient is 
treated ivitli a diop of strong coninieicial foimaldebi de (Napier, 1922) These 
tests are specific except in aieas iilieie Schistosoma infections aie also prevalent 
A niaiked leucopcuia inth a relatii e Innphoci'tosis is a common blood picture in 
kala azar 

LEISIIII \XLA TROPICA 

This organism uliicli is stiucturalh similar to L donovani, produces Orien- 
tal sore (Aleppo button, Dellii boil) a cutaneous infection in ulueli the oigan- 
isms are found in endotliebal cells large monocj'tes and oeassionally in polmior- 
phonucleai leiicocvtes Smcais of the infected tissue propcrlv stained, show 
these parasites m much the same u ai as splenic pulp smears rei eal L donovani 
foims The organism may be cultured on N N N media 


LEISHMANTIA A3IEEICAX V 

Tlis organism, which is striietuiallv similar to L donoiani, produces a 
mucocutaneous mfeetiou The organism can be lecovered from the lesions m a 
similar manner to those of the two pieeeding species 


TRVPAN'OSOSIA GAMBIENSE (Fig 21) 

This hemoflagellate fom is the causative organism of 'West African or 
Gambian sleeping sickness, uhich is characterized prunanh bv a hvperplasia of 
IjTnph gland tissue It can be recovered fiom the peripheral blood, enlarged 
Ivmph gland pulp or in latei cases from sedimented spinal fluid of an infected 
patient The paiasite in this stage is tvpicallv tm-pamform, is roughly spindle- 
shaped, with a narrowly pomted nonflagellai end and an attenuate flagellate end 
Spirahng along one side is the undulating membrane, on the margin of which 
the main portion of the flagellum is attached The organism measures 16 to 
30 /i in length by 1 5 to 2 5 fi in breadth Near the middle of the bodv is the 
large oval trophonucleiis, while the flagellum arises fiom a basal granule very 
near the blepharoplast, at the nonflagellar end of the bodv The organism di- 
vides bv longitudinal fission An intermediate stage occuis in tsetse flies, which 
serve as transmitting agents 'White rats and mice serve as good laboratory 
animals for the infection In infected animals a tcvpanohdic substance is de- 
veloped which IS specific for T gambiense This criterion serves to differentiate 
this species fiom T rhodesiense The organism can be cultured on N N N media 
In mfected individuals there is a marked anemia and a relative lymphocytosis 


TRYPANOSOMA RHODESIEN'SE (Pig 22) 

This organism is the causative organism of Ehodesian sleeping sickness In 
ttan It IS praeticalh impossible to distinguish this species from T gambiense In 
aioratorv animals (rat, guinea pig rabbit) and rarelv m man, there are, in 
•> ^bon to the usual forms, posteiior nuclear forms (Pig 22 B) which serve to 
1 erentiate the species This infection is much more rapidly fatal m labora- 
orv murals as veil as in man than is T gambiense infection 'Specific trypano- 
ami agglutinin siibst-inees arc also elaborated m tins disease 
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TRIRANOSOJIA CRUZI (Fig 23) 

This oiganism is the causative oiganism ot Chagas disease oi Soutli Amen 
cau tivpanosomiasis The oiganism in peiiphcial blood (Pig 23 A.) has the 
typical trypanifoim chaiactenstics, it is, lioneiei, dimoiphic, one form being 
long and slender, mth an elongate ti ophonucleus and one being shoiter, with 
an oval oi neaily spheiieal nucleus The llagelliini both in its attached and 
free portions, is much coaisei than that of the Afiican species of man The 
paiasite does not undergo longitudinal dmsion in the peripheral blood of man 
In the tissue, including the heart muscle, hiniih glands and brain, T cruzi as 
sumes a leishnianifoim (Pig 23 Jl) as •well as a tniianiform tj-pe There is no 
maiked anemia in the disease although a leucoejdosis is characteristic Labora 
toij’’ animals can be infected uith some difficulty Transmission is produced by 
bites of Triatoma megista and i elated species of bugs 



Pis' 23 — Trj naiiosoma cruzi A, flngellnte staBO in peripheni blood B leishmaniforni stage 
In h^jart muscle x2000 (Ad'ipted from Chaerns ) 


2 The malaiial paiasites (Class Spoiozoa, OuJei Remospoiidw, Fannhj 
Plasmodulae) 

Thiee species of this gioup aie paiasitic in man, Plasmodium nvas (the 
oiganism of teitian malaiia), P nialaiiac (the organism of quartan malaiia) 
and P falciparum (the organism of estivo-autuniual or malignant malaria) The 
asexual phase develops in man and the sexual phase in the appiopiiate female 
anopheline mosquito It is important not only to differentiate the three species 
from one another but also to distinguish the seveial stages of development of 
each species in the blood 

DIFFERENTIAL CHARACTERISTICS OF THE MALARIAL PARASITES 

The usual method of examining blood films for the malaria paiasites, as for 
other infections of the blood stieam, is by the thin blood film Practically all 
of the preparations of socalled tjqncal malaria parasites are those seen m the 
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thin film It seems appropriate thciefoie, to take up the ranous stages of the 
three species of malaria paiasites from this point of moiv 

In each one of the three species, the carbest stage which will he found in 
examination of the thin hlood film is the joung gioinng stage or earh tropho- 
zoite In all three species, it is a small rounded bodj staining azure blue with 
"Wright’s or other Romanonski stains, and having on one side a small bnck-red 
chromatin or nuclear dot 

The Tertian Paiasde (Pla-tmodium hitax) — In the tertian trophozoite 
(Plasmodium vivax) grondli ordinal ilv takes place from the side opposite the 
nuclear dot either as a dense cytoplasmic mass or with the development of plas- 
modial processes extending into the led blood cell This growth continues until 
the parasite has almost completely filled the red blood cell Meanwhile the cell 
has become enlarged and pale, and a considerable amount of hematin pigment 
has accumulated inside of the parasite Likewise, m the red blood corpuscle out- 
side of the parasite small orange colored dots, Icnown as Sehnffncr’s dots, are 
usuaUj elaborated "When this trophozoite has increased to its full extent, so 
that it has almost completely filled the enlarged pale red blood cell the nucleus 
divides (process of schizogony) into two, then into four, and subsequently into 
a larger number of units, so that eventually there will be as many as sixteen to 
twentv-four of these nuclei that ai e more or less symmetricaUv arranged around 
a residual center containing hematm pigment This ripe schizont is frequentlv 
spoken of as the rosette stage The red blood cell soon bursts and individual 
units (merozoites) erupt into the blood stream, each one in turn infecting an- 
other red blood corpuscle This asexual midtiplicative process takes place time 
and again during the incubation or prepatent period, and also to a certain ex- 
tent after svmptoms develop 

As soon as the si stem of the parasitized individual begins to elaborate anti- 
bodies, the malarial parasite, m order to protect itself, also develops gametocytes 
from some of the trophozoites These have a more regular outbne, being more 
or less oval The nuclear dot is somewhat less distinct than it is in the ordinary 
trophozoite stage, and a larger amount of the hematin pigment is scattered 
throughout the parasite One can recognize both male and female types of this 
mothei sexual cell, the difference bemg that in the male the nuclear material is 
more scattered, and therefore stams less defimtelv These female and male 
gametocvtes are the latest stages found m the human body Subsequent stages 
develop onlj after the gametocytes get mto the stomach of the acceptable female 
anopheline mosquito 

The most important diagnostic feature to recognize m the tertian parasite 
IS the enlarged parasitized cell, which becomes verv defimtely pale as its sub- 
stance IS taken up hi the parasite 

The Quartan Paiasite (Plasmodium malariae) — The parasitized red blood 
ce does not increase in size Occasionallv it is even somewhat shrunken It 
oes not become paler in color Frequentli it is a bluish slatv hue, but this con- 
1 ion docs not dei elop until the parasite has increased somewhat in size The 
uar an parasite never gets as large as the cell vhich it parasitizes There is 
c 0 a tendenei also for the vacuole to be small compared with the amount 
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of solad cytoplasm WJicn tlie pioccss of schizogony begins, the iiumbei of units 
■\Uiielx dcA'elop is fei\, seldom moie than cifrlit, compaied AMth the laiger number 
in both of the other tiio species Tliese nuclei usually haAc a much moie sath 
metrical airaiigement than they do in teitian infection, so that they appeal like 
the petals of a lose aiound the centei jMeaiiAAhile, as in the othei tAAo species, 
a considci able amount of hematin pigment is deposited AAUthin the quartan 
plasmodium 

The so-called banded foim, anothei A’aiietA ot the quaitan tioiihozoite is 
lelatnelj common, although not as common as it is figured in the textbooks It 
may dcA elop diiecth horn the meiozoite Avhieh has -just enteied the led blood cell, 
it continues to giOAA by a AAidciiing of the band so as finally to occiipA a total of 
fiom tAAo-fifths to one-half of the aica of the led blood eell Tiie gametocAde 
stages of the quaitan plasmodium aie OAOid bodies, moie neaih’ filling the paia- 
sitized led blood cell than the tiophozoile stages They haie a laige amount of 
pigment scattered thioughout then cA’-toplasni The female gametocjdc has a 
definite nucleus, aaIiiIc the male gainetoejte ma^ ha^e nneleai iiiateiial so scarce 
and so scattered that it is difficult to recognize it in the ordinal y stained film 

T/ic Esiwo autumnal Paiasiic (Plasmodium falapai um) — Theie mar be 
fiom one to scAcral of these tiophozoites inside each paiasitized red blood cor- 
puscle Sometimes the ring maA be peripheral in position, looluiig like a minute 
bbstei on the side of the cell, Aiith the chiomatin dot on the clcAatioii of the 
blister This eailj' stage of estiyo-autumual infection is the onlj asexual form 
found in oi dinar y peripheral blood The later trophozoite stages and the schizont 
are found almost AAithout exception in the blood of the deeper Auscera, including 
the maternal side of the placenta Occasionally, hoAACAei, these later stages m 
schizogony aie found in peiiphcial blood in aaIucIi eyent there is a poor prog- 
nosis for the ease The late tiophozoite is ncACi as laige as even the moderately 
dcAmloped trophozoite of tertian oi quaitan infection It is usualh' oral m 
shape, quite regular in outline, and has a mass of CAdoplasm opposite the nucleai 
01 chiomatin element When it dixudes, one can lecoguize from eight to tivelve 
up to a maximum of thiitj'-tAAO nuclear elements, these being arranged aiound 
the centei of hematiu pigment In the cstivo autumnal parasite, there are found 
fiom time to time stiplings m the nonpaiasitized part of the led blood eell These 
are similai m tjpe to those found m the teitian iniection, but are called Maurei s 
dots 

The early gametocjte stages aie also not found in peiiplieial blood, but m 
the deeper Ausceral circulation These early gametocA-tes of estiA'o autumnal 
malaria are broadly OAml in shape, and at this stage male and female foims can- 
not be differentiated, although uhen they get out into the peripheral blood the 
tAvo sex tj-pes can be distinguished Both of them Aihen ripe are of the socalled 
crescent shape AAitli a thin membiane around the parasite Arhich really is the 
pellicle of the parasitized red blood cell Within the cieseent one can recognize 
hematin pigment and eoueentrated nuclear mateiial in the female gametoc3de 
and more diffuse nuclear material in the male gametocj te At a someiAhat later 
stage, the peUicle of the parasitized red blood eell bieaks dovn and the cieseent 
or bean shaped gametoeyte is set free into the blood stream 
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THICK BLOOD FILAIS 

The thick blood film is a method of diagnosing malaria vvliicli has been ac- 
cepted hr mam lahoratonans as iinieli more v aluahle than the thin hlood film 
This film IS prepared hy taking two or three drops of blood from the ear or 
finger, or in the case of the small child, from the great toe, placing it in the 
center of a clean slide, and distributing it with the corner of another clean slide, 
so that it will occupv the aiea of a (quarter, and also so that the center will not 
he thicker than the margin This is then allowed to drv' thoroiiglilv In moist 
tropical climates it is frequently iiecessarv to place it in a drying oven for an 
hour or so It is then dehemoglobinized and stained at the same time bj using 
Giemsa s stain It is howciei c[uitc possible to use dilute Viight’s stain in 
exactly the same wav, bv taking the stock TTiight s solution diluting it one part 
to thiitv ivith neutial distilled water The film is placed in a staming 3 ar and 
left there foi a half hour to an hour Wlien the film is taken out it is thor- 
oughly washed in water and diied An examination wall indicate that the red 
hlood cells have been dehemoglobinized so that they appear as delicate ghosts 
on the film, although all of the leucocytes, as well as any malarial parasites 
which were present in the red blood cells, will be properly stained The advan- 
tage of this method is that one can see right down thiough several superimposed 
layers of red blood cells In other words, vou have a concentrate of malarial 
parasites, which, if they had been stained bv the ordinary process, would be so 
dense that the parasites could not be discovered The paiasites in this type of 
preparation are not flattened as on the thin film so that it is neeessarv to acciurre 
some experience with the method before accurate diagnosis can be made 

The thick film is particularly valuable in cases that have been found con- 
stantly negative bv the thin film method , the writer has been able to vouch for 
this fact in several eases where the clinical symptoms were those of a malarial 
infection, but where the thin blood film was consistently negative 
3 Smcospondia (Class undeteimined, possibly Spoiozoa) 

A few eases of infection wuth a member of this group, Sarcoeystis hoimnis, 
have been foimd m human muscle tissue It seems likelv that the infection in 
man is reallv a casual inoculation from domestic or wild animals which more 
commonly harbor these species of parasites The organisms have been recovered 
from heart muscle muscle fibers of the larynx, biceps muscle and tongue They 
are bean or sickle shaped and occur m large tubular clustei s between the muscle 
bundles The indn idual spores mav measure up to 16 /z by 9 ft and the bundles 
as much as 25 mm in length The human eases reported hare mostly been de- 
termmed from necropsy material, although Darling (1919) diagnosed one ease 
from a biopsy specimen 
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By Kemseth M Lyncii, M D , LL D , Cii \ki-.eston’, & C 


T he position held hj intestinal piotozoa in clinical medicine is a confused 
one, commonli i arcing from one cYtienie to anotliei among practitioners 
The question of the i elation of these piotozoa to health and disease is of great 
and ivorld-ivide importance 

It IS indicated bv lepoits fiom laiious and widelj separated sources that 
the general meidence of intestinal piotozoa maj he conseii’atively estimated at 
from 20 to 25 pei cent oi liighei It appears that the conditions for their trans- 
mission are more favorable m the warm countries hut reliable studies made in 
north temperate regions and in institutions with modern sanitary facilities have 
shown that hot climate and unsauitaiy liiing habits aie not essential to then 
spread 

In some sections of this countiv little oi no attention is paid to intestinal 
protozoa m the diagnosis or treatment of disease In other places the mere 
presence of one or moie of these organisms is sufficient grounds for a specific 
diagnosis and therapeutic attack IVith some medical men diaiihea or dysentery 
IS the only condition associated ivith intestinal protozoan parasitism, while 
others hai e mcluded among their effects such diseases as iritis, arthritis, Hodg- 
kin’s disease, eholeevstitis 

It appears that much of the confusion concerning their status results from 
too much generalization in our consideiation of them, to think or speak of them 
as a class, as protozoa, or as amebas oi flagellates or ciliates, is of the same order 
as would be a similar consideration of bacteria as a class The necessity of prop- 
erly identifymg and of studjmg the effects of the individual species concerned 
should be clearly forced upon us by the definite knowledge that one species of 
ameba is a disease pioducei while another is not 

Foi improvement in the confused status of the intestinal protozoa of man 
it IS necessaiw to improve the Imow ledge and familiarity of the medical profes- 
sion m the sub 3 ect Particular^ is it important to have improvement in labora- 
tory identification of these organisms It is a widespread condition that labora- 
tonans, medical and nonmedical, who are not well qualified for this work are 
given the responsibility of it 

Flagellates mav be satisfactorily identified m a fresh liqmd stool The 
amebas are best identified in the enevsted stage, which occurs mainly in the 
natiiraUv formed stool ilanv eriors are made in naming an ameba found in 
iquid stools, of dvsentcrv, diarrhea or pioduced by a purgative, where it is 
present iisnallv m the active form For routine stool examination, unless there 
IS larrhca, it is best to studv first a fresh stool produced bv a saline cathartic 
ail ameba is found and the evsts are not seen, one who is not an expert 
pro ozo ologist should wait for its identification in a formed stool when the evst 

'From the Depirtment of Patholoe^ Vledlcal College of the State of South Carolina 
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■\Mn usuallj appeal Homcaci, in Ihc case o£ clinical amebic fhsenterj', wiUi 
the tj^iical blood tinged inucoiis stool conlaiiiiiig flie aetne ainebas nith ingested 
led blood coipusclcs, it is not advisable to nait foi moie accuiate identificn 
tion of the aineba befoie instituting pioiiei ticatment 

HIE AMEBAS 

Among the aniebas occiiis the pioto/oan of outstanding impoitance in ehm 
cal medicine, Eiidamoeba lustohtica 

Once consideicd of impoitance onh in the tiopics, this paiasitc is of iioild 
Mide distiibutiou In tempeiate oi coldei icgions its incidence is usuallj less 
but it has been found nherciei seaich has been made for it The leported inci 
deuce in difteient suiiejs laiics nideh fioni mound 1 per cent to 20 pei cent 
and moie, the vaiiation m leliablc studies appaicnth depending laigelt on the 
natuie of the examined people, as to tlie sanitation of then environment and 
vhethei thej aie well oi the subiects of intestinal disease The gieatei inci 
denee is natuialh whcic tJic piotection of man fioni excieta of his own hind is 
pooicst, this usuallj being m tiopical or subtiopical legions In institutional 
life, with its close peisoiial contact, it is hheh to be compaiativelj high In 
luial distiicts without modem sauitaii facilities it is also apt to be high In 
modem conununities with piopei sewage disposal and piotection of food and 
dunk it IS low At a lough estimate its genci.il incidence in a countij like the 
United States of Amoiica is aiound 10 poi cent In the modem citj it is aiound 
3 pel cent, aeeoiding to mv cNpeiiencc Close peisonal contact with infected 
poisons and the food handlei eaiiiei piobablj’- fuinish the main means of spread 
The evst of the oiganism is the infectne stage and prevention of spread of 
the infection involves pievention of this bodj from i caching the mouth of man 
"Anien this ameba readies the intestine of man m viable state, it maj pio 
duce amebic diseuteij' oi chionic intestinal amebiasis, and theie is some indica 
tion that it maj* lesult in a smiptoinless caiiiei state 

The laiown eftects of the oiganism depend on entij^ into the intestinal wall 
with vaiiable penctiatiou, ulceiation, and the possibility of tiansportation 
through the ciiculation to neai oi distant tissues, paiticulaily the Iner A 
humoial absoiption of toxic pioducts of the oiganism is indicated 

The imolvement of the intestine is piacticallj' limited to the colon, exten- 
sion to the low^er end of the ileum sometimes oeeuiiing When the penetration 
and resulting ulceiation of the colon aie active and extensive, they result in 
the climeal state of amebic djsenteij This affords the common conception of 
the results of amebic infection Amebic dysenter-y is latliei the compaiativeh 
uncommon acute phase oi end-result of intestinal amebiasis 

What deteimines the oceuiienee of amebic dj^senteij’^ in one infected peison 
and of a sj^mptom producing chrome colitis oi of a sjuiiptomless state of para 
sitism m otheis, oi why one of the lattei inaj liaie an acute flaie-up of the in 
fection into djsenteij% is unknown Tlie state of parasitism is constituted of a 
balance between imasive piopeities of paiasite and resistance of host When 
that balance is in favoi of the parasite, we have actne ulceiation and dysentery 
■^Hien in favoi of the host, the disease is halted oi held in check or perhaps in- 
vasion of the parasite prei ented 



INTESTIVVL PROTOZOV IX CUXICMj aii-dicixe 


663 


The diagnosis of amebic d^scntel\ is not difficult Its ehai act eristics are 
frequent blooch imicoiis stools mtli abdominal gupmg and tenesmus In the 
stool, on piopcr examination, aie found actne amebas, usuallv containing red 
blood corpuscles associated luth mucus blood, fecal debus and pus in the ad- 
vanced stages These are sufficient for a diagnosis upon nhieli treatment may be 
instituted 

The diacnosis of chronic intestinal amebiasis is not ease The patient usuallv 
has a historv of long-continued ill health nitli confusing snnptoms of manv 
kinds but particnlarli relating to the intestinal tract indigestion as the term 
goes Although attachs of diarihea oi even disenterv, alteinating with periods 
of constipation mav be discov ered in the historv, they mav not be more con- 
spicuous than in other people of similai ailments Hague abdominal pains, 
heaviness minor tenderness over the colon especiallv the cecum, flatulence, 
gaseous eructation, aie common complaints Geneiallv there is iindeiuveight a 
“tired feeling,” a lack of energv, nith possible headaches and joint aches 

Even a working diagnosis can onlv be made bv positive identification of 
Endamoeba histolvtica in the stool, possible' onlv by repeated examination In 
practice this amounts to finding and identifving the cv st ^ 

Since similar chionie complaints aie verv* common and since a large per- 
centage of the people concerned harbor amebas of some species, identification of 
Eudameba histolvtica is the essential for a diagnosis of chronic intestinal 
amebiasis 

During the course of amebic dvsenteiv oi chronic intestinal amebiasis 
amebic abscess mav occui elsewhere, most commonly in the hver 

For a general summary of the treatment of all phases of intestinal amebiasis 
It mav be stated that the measuies used should be both specific and nonspecific, 
that the pathologv of the disease should be borne in mind, and that ‘ ‘ cure ’ is 
not obtamed until the ameba is proved to be eliminated, by an extended series 
of stool examinations 

It IS not possible here to go into the details of specific and nonspecific treat- 
ment Emetine in some form, commonly vnth bismuth, is the “specific” of 
widest satisfaction, paitieularly in the acute phases It is now supplemented 
hi vatren and stovarsol, the foimer apparentlv particularly applicable in the 
acute phase and the lattei in the chronic In the acute phases and during active 
emetine treatment the patient should be confined to bed and the diet restricted 
During treatment of the ehionic phase it is not necessary to put the patient to 
bed, but the diet should be i estricted to a bland well-balanced one A reduction 
of carbohv drates, sufficient protein, and particular attention to green vegetables 
and fresh fiiuts are recommended There is perhaps more influence of dietarv 
factors m intestinal amebiasis, invasion, resistance and treatment than we now 


tor th amcbic osts for iliagnostic purposes in medical practise amounts to lookmc 
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realize In anticipating lecovei^ fiom tins disease i\e must keep in mind that 
the organism is to be ciadieated, ulceis must be allowed to heal, and eonstitu 
tional ettects be oveieonic 


OTHER INTESTINAL AMEBAS 

The mam concern about the othei intestinal aniebas is that they must be 
diffeientiated fiom Endamoeba histolytica They aie Endamoeba coli, the most 
coinniou aiiieba of tlie intestine, and Endoliin.iv nana, lodaiiioeba butselilii, and 
Dientamoeba fiagilis, these tliiee being lelatnciv uiicoranion and not so subject 
to the fiequciit confusion with Endamoeba histolytica as is the fiist None of 
these is now undei seiious suspicion of producing disease 

ELYGELLATES 

There aie three ivell-established species of flagellates commonly found in 
the intestine of man, Tiiehomonas hominis, Ohilomasti\ mesnili, and Giardia in- 
testinahs Theie aie othei s less coininonlj’’ seen, Embadoinonas intcstinalis, 
Tricei comouas intestmalis, and possibly Bnteioiiionas honiinis 

Piobably the majoiity of piotozoologists most familiar inth these oigan 
isms now belicv e the class to be harmless to then hosts, although some hold the 
question open Among medical peisons thcie exists the gieatest confusion as to 
the different geiieia and species and as to their effects on their hosts, a gieat 
many praetitioneis belieiing that at least some of them are disease producers 
To these such teims as "flagellosis,” flagellate infection, flagellate diaiihea, and 
flagellate djscnteiy lelate to clinical states of more or less definiteness in their 
minds 

There exists no leason lyhy any interested examiner may not easdj’' identify 
the common flagellates as thej’- occui in the stool and this should be the first 
objective of those who would study this class of paiasitism 

The pioblem of the effects of these flagellates upon man has i cached a stage 
of impasse, when evidence giien on eithei side becomes meiely an argument 
None of the class has been shown to be an actual tissue invadei oi destroyer, 
none has been shown to produce anv substance oi bring about anj^ state dele- 
terious to the host Theie is no positive diiect eiidence on the question, it is 
all clinical ciicumstaiitial evidence based on the oecunence of indefinite snnp- 
toms of abnoimal states associated with the piesence of the parasites Such evi- 
dence, if it were definite oi chaiaeteiistic, would weigh more than it does There 
IS no tj’pieal oi charaeteiistic chuical or jiathologic comjilex to be i elated to the 
presence of any of them 

Trichomonas hominis is an inhabitant of the laige intestine It is a com 
mon paiasite found in fresh stool examination It occui s from childhood to old 
age, but IS apparently not a paiasite of infancy Continued study of the paza 
site should be cairied on bj^ those in position to do so Practicing phjsicians 
should be cai eful that they are not led aivay fi om making another diagnosis bj 
the finding of this orgamsm in the stool 

Chilomastix mesnih is coramonlj'' confused with Trichomonas It is also a 
common inhabitant of the large intestine It becomes moie common as the age 
of the individual advances and may live for j ears m the bow el It is commonly 
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found during a state of loMeied gastric acidity, or constipation, oi the syndrome 
of chronic choleci stitis, as clinically diagnosed To considei the clinical aspects 
of the disease, states commonlj associated mth its presence may he more to the 
pomt than too much attention to the parasite 

Giardia intestinalis is a common inhabitant of the upper small intestine It 
IS more common in childhood than in latci life and decreases in frequency as 
age increases In children it is commonly associated with a state of diarrhea, 
and the loungei the child appaicntlj the more commonly this occuis It is 
consequently considered to be the cause of diaiuhea in children, although studies 
ivhich indicate this haie not been sufficiently i\ell controlled to make this cer- 
tain As the age of the host increases the individual seems able to control the 
parasite and apparently eliminates it commonly 

Its connection with the clinical state of enteiitis and diarrhea apparently 
IS lost in older people and the paiasite then commonly appears to be harmless 
Tsliether this is by immiuiization of the host or whether related to the difference 
m food and in digestive action bctvi een early and latei life furnish interesting 
speculation about the unlmown 

The diagnosis of this infection depends upon finding the parasite in the 
stool, although it is occasionally seen in duodenal drainage In formed stools 
only the cysts appear These are small and may be overlooked by the inexperi- 
enced exammer The active form is usuallv seen in the stool of diarrhea 

THE enjATES 

Balantidium coli is practically the only cihate of the human intestine, and 
it IS a rare parasite in this country Its natural host is probably the pig, and 
human infection probably comes from tiansmission from this animal Few 
authentic cases of balantidial infection have been reported in this country It 
has been reported as relativeh common m the Philippine Islands and m Central 
America 

It IS easily identified, but is veiy apt to be confused by the mexpenenced 
with free-hving ciliates which mav occur m human stools after their passage 
This paiasite is a potential and actual disease producer in man, halantidiosis 
of the intestine of man having a significance akin to intestinal amebiasis 

The acute phase of the disease is the unusual consequence of infection, the 
acute attack, or the end-result In this condition the organism is a tissue in- 
vader and mai give rise to deep ulceration of the colon associated with frequent 
bloody mucous stools and abdominal griping, but sometimes there is merely a 
waterv diarrhea Again, there may be ulceration without dysentery or diarrhea 
lluch more common than the state of balantidial dysentery is that in which 
there is a chronic infection without dysentery or even without any apparent 
disturbance due to it It is unknown whether in the “earner” state without 
snnptoms of disease the organism is purely a lumen dweller The state of 
infection in winch there is a chronic or mild and continued proee'Js of invasion 
and ulceration is less known than the comparable condition of cbronie intestinal 
amebiasis although ulion symptoms of progressive disease are present, they mav 
e more pronounced A'ot uncommonly there is a chrome and intractable 
nrrhea, and anemia and emaciation mnv he conspicuous 
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In the tieatment of balanticliosis stovaisol has been lepoited as efficacious 
m destiuetion of the oiganisras in the intestine Beii^'vl benzoate has also been 
reported to be useful Bismuth subnitxate is used to lelieve ciamps and diairliea 
Colonic 11 ligations of coiicentiated solutions of quinine have been leportcd to 
lelie-ve the symptoms of balantidial djsenteiy and to i educe the number of 
parasites, even vhen not cftecting a ladical cuie The reduction of carboliv- 
diates, the use of a inillc and egg diet during the tieatment of dysenteiy, and 
the use of fiesh liuits and vegetables aie dietary measiues of impoitance 

As in the case of intestinal amebiasis the tieatment of this condition con- 
sists of measmes aimed 1 o destio\ the paiasites, to aid in healing of ulceration, 
and to overcome constitutional eftcets It should be borne in mind that a cure 
IS not obtained unless the oiganisms aie eliminated 

COCCIDIA 

Although eoccidia aie piotozoa vhieh nia-\ be parasitic in the intestine of 
man, the infection is so laie in most eountiies, including the United States, that 
little attention vill be gnen it heie 

Ko definite clinic.il state is associated uith coecidiosis in man, the host being 
usualh in appaieut good health, altliough the oiganism passes a part of its life 
cjcle in the epithelium ot the intestine, piesumabh the small bovel It is in- 
dicated that tlieic iiiai be a tempoiaij diairhea and abdominal discomfoit but 
that the infection is self-limited and that spontaneous recoieiv is complete 
The species infecting man is Isospoia belli, usually eironeouslj called Isospora 
honiinis 
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S EVERAL investigators ivitliin the past fev jears ha\e studied the %ariations 
which strains of bacteria niav piesent in the course of their cultivation on 
artificial media Then results have been accepted hv some and denied bv others 
If both conceptions are eon ect one mai conclude, first, that bacterial v ariation is 
onlv an occasional phenomenon — some strains may larv, hut the majoritA do 
not — and second, that since vaiiation occuis only with certain strains the cause 
of this phenomenon is foieign to the bacterium VThen it is present i ariation 
occurs, when absent the bacterial eultuie lemaiiis stable 

Variations which occur among Ining beings mav result, m general, from 
three different phenomena 

1 The existence of a life c^ cle such as one finds in the case of protozoa and 
insects This phenomenon is easy to recognize for it is cvcbc, the variations are 
“ordinate ’ AU the chaiacters i ary together as a whole Moreover, in a species 
which has a hfe ci cle, all the individuals suffer the same variation when placed 
m identical environments 

2 The adaptation to new external conditions This phenomenon is not 
cychc One can produce easilv such variations with bacteria when thev are cul- 
tivated m what one might term “abnormal” media, but generally such varia- 
tions are transitorv The character “sporulation” is the onlv one, we think that 
undergoes a permanent modification after a strain has been cultivated or exposed 
to the presence of certain antiseptics 

3 Adaptation to new internal conditions New internal conditions always 
result from the subjection of an organism to a parasite Such parasitism is 
termed “svmbiosis” when the host adapts itself to this new condition This 
adaptation is always coi relative to modifications of the characters of the host 
(as well as modifications of the characters of the parasite) The mutations which 
develop due to snnbiotic relationships have been studied verv extensiielv bv 
botanists during the last fiftv vears, especially since the paramount studies of 
Noel Bernard 1 As fai as vaiiation is concerned, bacteriology is a division of 
botam , and it is remarkable how i err few bacteriologists Icnow anvthing abont 
the researches dealing u ith variations done bv botanists 

To which of these phenomena is the i anability of bacteria related ’ In other 
"ords, which one is the cause of the variations" 

It appealed to the seuioi authoi, from experiments earned on smee 1920" 
that the best manner to get at the cause of bacterial a aviations was to take a 
iionniutating stiain and infect it with bacteriophage, in other words to produce 
an experimental “bacterium bacteriophage” svmbiosis, and to observe what 

takes place when a culture subjected to such an infection is studied contmuallv 
01 er a period of vears 

rrom the DUl^ion of Protohiolos^ VaV School of Wedieme 
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Our studies l^a^c been eouceiued nitli the Salmonella enicniichs because of 
its pathogenicity foi tJie mouse Vaiiatious of the ehaiaetei “iiiulence” is cer 
taiiilj' one of the most impoitant In fact, fiom the “man” point of ^^el\ the 
most impoitant The oiigmal stiain was strain 904 obtained tiom the American 
type collection cultuie, isolated in 1924 fiom the commeicial lat “Dauisr vnus ” 
At first we made a senes ot iiuiifications b^ isolated colony studj Piehminan 
tests ^.ele pei formed in oidei to find out whethei oui stiam was free fiom bac 
teiiophage Repeated CNiiciiments failed to show the piesence of a phage 
During the last tw'o -^eais we haie used all the hnowu methods to try and ev 
tiact a phage fiom this stiain but without success Moie than 300 transfeis of 
that stiain have been made on vaiious hinds of media, including those desenbed 
by Hadley, but in no case liaAe we obsei\cd the least ^aIlatlon, its characters 
have 1 emaiiied stable 

In Deeembei, 1929, we produced the Ij'sis of a culture of that stable strain 
of Salmonella enteiitidis bj adding to the cultuie 0 01 ml of a bactciiophage 
oiiginallj isolated fiom the stools of a eomalesecnt t\phoid patient, and since 
that time cultnatcd at the expense of Ebcilhclla iyphi The lysed cultuie re 
raaiiifd eleai foi eight da^s and then a slight secondaiy growth appeared On 
the fifteenth day after the hsis appealed infusion plates and Endo agar plates 
weie inoculated by spi ending oier then sui faces drops of the secondary culture 
The colonies which weie macioseopically ditleient from those of the pine Sal 
monella were inoculated into infusion bioth, fiom these cultures, new isolations 
weie made in infusion agai and eultuies denied fiom colonics which weie com 
pletely resistant to the phage were kept foi futuie cxpeiimcnts In this man 
ner we obtained 21 diffeient stiains TVe could haie selected more strains for 
eyeiy one of the 21 stiains haie continued to present new lanants from tune 
to time but had we done so our studj would haie become too complicated lu 
fact we could not studi completely more than eight strains, the first eight 
isolated 

Foi lack of time wc cannot describe in detail the aspect of these ciiltnies 
We shall meielj^ state that the colonies of klutant I are smooth, small (1 mm 
aftei twenty-foul lioui’s) and lefiactne, colonies of klutaiit HI aie laige (3 to 4 
mm ), opaque and as mucoid as those of the Fiiedlandei bacillus Mutant I 
cultuied in infusion bioth causes a slight homogeneous turbiditi , Mutant II, 
on the other hand, in the same medium shows no turbidity, the bioth remains 
deal, the culture foiming clumps in the bottom of the tube Mutant IF cul- 
tuied in the aboye mentioned medium dei clops a marked turbidity Everj one 
of the eight mutants is differ ent 

Immediately aftei isolation all of the mutants w'eie entirely resistant to the 
action of the original bacteriophage However, filtrates from these cultures eon 
tamed a phage active against the original Salmonella Hence, eieiy mutant 
was a earner of bacteiiophage 

After 10 subcultules (in bioth and on agai) klutants II, IF, F, and 
continued to cany the phage but at tins time were sensitive to the oiigma 
phage Mutants I, III, FI, and Fill also earned the baetonopliage, but were 
resistant to the original phage 
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Aftei 150 subciiltuies the eight mutants ’i\ere sensitne to the original phage 
Also the piesence of phage in hioth cultuie filtiates of Strains I, III, ^ and 
VI could he easili recognized for these filtiates produced lysis of the primitue 
Salmonella 

A series of experiments nere earned out to determine nhetlier Mutants IT, 
IV, VII, and VIII ’sieie fiee from phage Se\eral isolated colonies from each of 
the mutants ivere earefullv studied in a number of preliminarv experiments 
The results of the main series of expeiiments demonstrated (1) that from one 
of SIX colonies isolated fiom hlutant II, we could show the presence of a phage 
active agamst the original Salmonella, (2) that from thirtj colonies picked from 
Mutant IV only one could he slioivn to he a phage earner, (3) that from 100 
colomes picked from hlutants ^MI and VIII not one colony could be proved to 
carry bacteriophage activ e against the primitn e strain 

It seems therefore, that ceitam colonies are earners of hactenophage while 
others are free, but further imestigation pioced that this was not the ease 
Actually in colonies v,hich appear to be free from phage the phage is 
“latent ” This was true not only in the colonies isolated from Mutants II and 
IV hut also m I, III, V, and VI 

This may he demonstrated in the following manner A drop of eidture of 
Mutant III IS spread over the surface of an infusion agar plate , from the re- 
sulting growth a Fnedlander-hke colony was isolated This colony was cultured 
m broth and the resultmg growth passed through a filter This filtrate possessed 
no action against the original Salmonella A drop of this broth culture (before 
filtermg) was spread over the surface of an agar plate After incubation the 
majority of colomes were Fnedlander-hke Interspersed among the colomes 
were a few nonmucoid colomes and some tinv colomes Two colonies of each 
of the three types were inoculated into broth and after a twenty-four-hour incu- 
bation period were filtered The filtrate from one of the Fnedlander-hke colomes 
and from one of the nonmucoid type colomes produced h sis of the ongmal Sal- 
monella The filtrates of the other four colomes were negative 

Ve conclude, therefore, that in these mutations aU of the colonies are phage 
earners, but that m some of them the phage is active, m others it is “latent ” 
The number of colomes (that is to say the number of bacteria) which carry an 
active phage varies according to the mutant In our senes ivith Mutant VI ap- 
proximateh eiery one out of two indmduals carries an active phage, with 
Jiutant IF only one out of thirty The rate of phage reproduction is difterent 
also It IS rapid in the case of Mutant VI, very slow m Mutant IV Thus it 
appears that m the case of ilutant VI there is a rapid reproduction of the phage 
at the expense of numerous haetena, while few absorb it, then many phage eor- 
Puseules are free m the hqmd and pass in the filtrate, on the contrary, in Mutant 
j a few bacteria reproduce the phage and many absorb it, with a result that 
no corpuscules are free and found in the filtrate 

But there is another phenomenon which conceals bacteriophage 
Ve could never detect the presence of a phage acting upon the primitive 
a monolla m hlutants VII and VTII Howes er the action of filtrates of these 

cultures of the other mutants, and it was found that 
itant \ II contained a phage acting only upon IMutant II 
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A biotli cultnie of Mutant VIII mbs sti caked on an agai plate and 20 col 
owes nicked foi stndj' Biotli eultiiies of these colonics neie filteicd, and the 
filtiatcs tested upon cultmes of the othei mutants, as A\ell as upon the ongmal 
ciiltuie Onlj one was actne and this one lysed a cultuic of Mutant VII It 
appealed that the baetciiophage had lost its pntjiogewcity foi the primitiic 
stiain but letamed its viiulence foi eeitain mutants 

All of these mutants eontmued to be eaineis of phage aftei 150 subcultuies, 
and still persisted in shouing “dissociations ” As an example of this let us con 
sidci foi a moment Mutant III This paiticulai oigamsin pioduced tiTiical 
FriecUandei-hke colonies on agar plates, and eien aftei 50 subcultures there was 
no change noticed in these colonies Aftei 150 subcultuies no did obsene again 
“dissociations,” 90 pei cent of the colonies wcie opaque, Piicdlander-likc , 2 per 
cent were tianspaient, Piiedlandei-likc, 3 pei cent ncie laige, nou-Fiiedlander, 
and 5 pei cent iieie tinj colonies 

In fact “dissociations” aie continual in stianis 11111011 aic bacteiia hac 
teiiophage ssunbiosis in contiast uitli the original baetciiophage-fiee Salmonella 
nhich does not lary The phenonienon is not a simple one, and under natuial 
conditions, it must be still moie complicated, since in uatuie, lariations take 
place not because of the action of one strain of phage (as in our expeiiments), 
but because oi the action ol seioial strains, toi in natnie bncteiiophages aie as 
ubiquitous as bacteria We haie some proof of this, for all of these mutants 
began to show non dissociations uhen subjected to the action of a nen phage 
(one isolated from son age and possessing a ponoifnl action) 

VGGLUTIN ABILITY 

An antiserum having a final titer of 1 3200 uas prepared bj’ injecting 3 
rabbits inth the original strain of the Salmonella 

Table I gnes the results ot agglutiuatron tests after 10 snbcultnies 

Tuilf I 


Agglutixation of the Mutants After 10 Ticissfers 
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After 100 subcultures llutants I, VI, and VIII completelv agglutinated 
at a titer of 1 3200 llutaiits TV, III, V, and VII ivcre not agglutinated in a 
dilution ot 1 100 Poi llutant IT airslutination nas onlv partial from 1 100 up 
to 1 800 

Adsoiption tests sliowed that the nonagglutinating mutants do not eien 
adsoib the agglutinins (Table II) 

Tarlf II 

ADSOEPTION or AGGLTJTIM^S Sepiji Avtitypiii Munuir , 2 Apsopptions by 

agclgtis \TiON or ripin mopilm 

1/100 1/1000 1/10000 

Mutant III 
IV 

YII 4-^ 

Xn 44-1-L 

XVI 

Control nnadsorptcd on Typlii munnm — i-ui. 



FERJIFXTA.TIOX STUDUIS 

After 10 and 20 subcultures, fermentations are as sboivn in Table III 


Table III 



DEXTEOSE 

IaACTOSE 

MANMTE 

sucrosE 

DEXTFINE 

SALICTNE 

MALTOSE 

Orig Salmonella 

AG 

— 

AG 

— 

AG 

— 

AG 

Mutant 

I 

A 

— 

A 

— 

— 

— 

-A 


II 

AG 

— 

AG 

— 

A 

— 

AG 


m 

XG 

— 

A 

— 

— 

— 

AG 


IV 

A. 

— 

A 

— 

A 

— 

AG 


V 

AG 

— 

AG 

— 

AG 

— 

AG 


VT 

« 

— 

AG 

— 

AG 

— 

AG 


vn 
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— 

AG 
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AG 

— 

AG 


VIII 

A 

— 

AG 

— 

-A 

— 

AG 


After 60 and 150 subcultures, fermentative characters of II, VII, and VIII 
are noi-mal, same as oiiginal Salmonella Mutant III is nonnal except that 
It does not produce gas in mannite medium PermentatiA e characters of Mutant I 
haY e remained abnormal, as thev n ere after 10 subcultures 


VntUUEXCE 


Ihe Mrulence of the original strain has been tested repeatedly on mice and 
has not aaiied during the course of these experiments One hundredth milliliter 
of a tn enh -four-hour broth culture administered bv mouth to ten mice killed 
ah of them anthin seaeu to tbiiteen days A dose of 0 001 ml kills 6 to 8 out 
of ten mice nitlun the same period The nrulence of the mutants has been 
ostod after 10, 100 and 150 transfers 

In the folloinng experiments ve haae considered our mutants to be non- 
'"fu cut uhen ten mice each receiving a 0 1 ml of a tnentv-four hour culture bv 
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mouth still survive after a period of thiity days These mice were then given a 
0 01 ml of the original Salmonella in older to deteimiiie nhcthei their sunuval 
was due to a natuial resistance No sueh natuial lesistance was ever demon- 
strated 

After 10 subcultures Mutants I and III aic aviiulent (all 10 mice sur- 
vive) Mutants VI and VIII (all 10 mice die) aie as viiulcnt as the original 
stiam Fmthei evpeiiments with Mutant VIII done with doses of 0 001 and 
0 0001 ml show that its Miulence is about the double that of the virulence of the 
oiiginal Salmonella Mutants II (4 mice die), IV (2 mice die), V (3 mice die) 
and VII (5 mice die) aie all less virulent than the oiiginal culture 

After 100 subcultures Mutants I and III aie still avnulent and IV and 
WI are also avnulent Mutants II (4 miee die) and V (1 mouse dies) are 
slightly viiulent Mutants VI and VIII tested with doses of 0 01, 0 001, and 
0 0001 ml prove tliat in the case of Mutant VI the vnulence has deci eased 
slightly, while the vnulence of VIII is still gi eater than that of the primitive 
strain 

After 150 subcultures IMutauts I, III, and IV are avirulent II onlv 
slightly virulent (1 mouse dies) V and VII wealdy vnulent (2 and 3 mice die) 
VIII virulent, but not hyperinulent (8 mice out of 10 die) after infection inth 
0 01 ml VI virulence has mci cased (10 mice out of 10 die) after mfection with 
a dose of 0 001 ml 

The question of what happens to avnulent mutants aftei they have been 
ingested bj- mice next occupied oui attention and a series of experiments were 
done in an attempt to answer tins question A series of ten mice w'ere infected 
with 0 1 ml of a culture of Mutant I Tliiity days later these mice weie sacri- 
ficed and then splenic pulp spread oier the surface of agai plates AU were 
bacteria fiee Wlien the same pioceduic ivas repeated using as a test culture 
Mutant III, the result was different Four of the ten spleens examined yielded 
positive evidence of contamination wuth Mutant III 

A series of 20 mice iecen’’ed by mouth 0 1 ml of a culture of Mutant III 
Forty-tw o days latei one of the mice died and an organism similar to Mutant III 
was recovered fiom the heart’s blood and spleen of this animal This oiganism 
showed no increase in luulence Seven of the lemaimng nineteen died during 
the summer but no examination was made On November 10 of this year (seven 
months after the oiiginal infection), a mouse died and fiom the heart’s blood 
a pure cultuie of an oiganism similai to Mutant III was isolated The lemain- 
ing eleven w ere lulled seven months aftei the infective dose was given , cultures 
of a bacterium similai to Mutant III weie obtained fiom the spleen of foiu of 
these mice 

From these experiments w e conclude that ]\Iutant I is absolutely avirulent, 
whereas Mutant III shows some capacity to infect mice How'ever, in contrast 
to the origmal Salmonella, which produces an acute disease, Mutant III produces 
a chronic one 

Mutations brought about by bacterium bacteiiophage symbiosis are not only 
a product of laboratory experimentation, but occiu also in nature due to the same 
cause Two examples may seive to suppoit this fact During the course of 
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tins investigation in tliicc batches of mice vliicli vc recened, one oi tivo mice 
veie sick Several dajs later all the remaining animals appeared to be in good 
condition "When se^eral vere saciificed, ho^sc^el, ve isolated from the spleens 
of these mice mutants contaminated with phage Then characteristics, includ- 
mg nrulence, vrere similar to those of our Mutants I, V , and Mil Even more 
striking IS the experiment mth anothei strain of Salmonella As is ^ell knovvii, 
the Pasteur Institute of Pans prepaies a nrus which is distributed for the de- 
struction of rats and mice This iirus is a culture of Salmonella enteritidis 
(Damsz viius) which came oiiginaUv fiom the same source as our pnmitive 
Salmonella The latter, howeiei, has been cultnated on artificial media while 
the Pans stram has undergone man% lepeated passages through rats and mice 
m order to exalt its virulence The stram is now hvpernnilent and will cause 
an acute fatal disease even in ivild rats when the\ ingest this oigamsm How- 
ever, the Pasteur Institute strain is not a pure culture, as we have recognized 
it IS a mutant and contains a phage inactn e upon our primitive Salmonella but 
stronglv active upon our ilutant YII Apparentlv the exaltation of the viru- 
lence of this Pasteur Institute strain is not the product of ammal passage, but 
the result of a sudden mutation which occurred by chance m the intestmal tract 
of one of the animals used in the serial passages The exaltation of virulence bv 
this means is piobably verv rare in nature, a decrease in vimlence lerj- common 
IVe have also experimental endence to show that earners of certain of our 
mutants are protected agamst ingestions of the primitive virulent Salmonella 
Twelve mice were fed daily for eight davs 0 1 ml of a culture of Mutant I They 
then received bj' mouth 0 01 ml of the virulent primitive Salmonella Following 
this, thej agam received by mouth 0 1 ml daily for ten davs a culture of Mutant 
I Eleven and fourteen days after infection with the onginal virulent Sal- 
monella two mice died The other ten survii ed All six control mice died within 
eight to thirteen days after infection 

Twelve mice were infected w ith 0 01 ml of the virulent SahnoneUa and 
thereafter received 0 1 ml of a culture of klutant I daily for ten days Three 
mice succumbed (nine, twelve and eighteen days after the mfection) The re- 
maimng nme survived All six controls died 

Similar experiments earned out wuth klutant IV did not show any protec- 
tu c action 


In relation to the problem of earners these experiments show that not all 
the earners are infective Some carry avirulent mutants, others mutants of 
low virulence, few of them carry mutants whose vimlence is equal to that of 
the primitn e strain, and finally some may carry mutants which may be hvper- 
mrulent The latter are verv rare m nature Ve do not intend to generalize 
vhen we state the above, but it is certainly tme m the ease of mouse tvphoid 
loieoier the seiuoi author has demonstrated that m cholera, mutants are the 

principal cause of lanations in the Aimlence of the nbno but m this case all 
the mutants are avirulent ^ 


This investigation shows that the principal cause of variations among bac- 
oria IS a result of a sjunbiosis and certainlv not the result of a bfe cvele^ The 
’'ariatiniis are not c^ chc but appear in a ^ em disorderlv fashion Vliat is more 
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Table IV 


Characters or Mutants 150 Transfers 



AOGIiUTINABIIsTTY 
1/100 1/800 

MPULFSCr 

rERSIKNTATIONS 

T^plii murium 

++4+ 

1 

Normal 

Mutant I 

++++ 

0 

Abnormal 

II 

+ 

1/100 

Normal 

III 

- 

1 

Abnormal 

IV 

- 

0 

Normal 

V 

- 

1/10 

Normal 

VI 

4-HI 

1 

Normal 

VII 

- 

1/10 

Normal 

VIII 

++++ 

1/2 

Normal 


ehaiacteiistic is that each chaiaetei may lan by itself as au entity, vithoiil 
liaMiig aiiA icpeicubsue effect iijiou tlie otlici tliaiacteis If we considei foi 
example the three ehaiaeteis “Miulenee,” “ aggliitinability, ” and “feiinenta- 
tion,” Ave obseive that theie is no lelation between the Aaiiation of one of them 
and the I’ariation of the otheis 
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By N W L vrktj’m Ph D Laxsikg, ilicn 

W HETHEB bacteijopliage lias a place m cbmcal medicine is a question that 
lemains to be ansnered That bacteriophage is in mde use in clinical 
medicine is a fact ivhich as vet is not geueially recognized In Europe especially 
in Prance, England, and Germani , one laboratorj* alone is distributing in the 
neighborhood of fiftv hters a dav In South .Imenca although no figiiies are 
available the amount used is considerable In the United States three biologic 
concems aie selhng this pioduct In addition a scoie or more prnate distribu- 
tors are furnishing this material foi expeiimental purposes In llLehigan the 
monthiv output of bacteriophage has been about ten liteis during the past tivo 
years It is evident to all concerned that despite the entire absence of paid 
advertismg, and in the face of stiong opposition in some quarters the number 
of patients receiving some foim of bacteriophage treatment is relativelv large 
and IS mereasing daily at a lapid rate 

The gromng interest in bacteriophage as a therapeutic agent and the in- 
creasing demand from both patients and phisieians presents a serious problem 
to those who are interested m the study of this principle Because of conflict- 
ing experimental obseiwations, enthusiastic and poorly controlled clinical apph- 
eation, and rapidlv expandmg commeicial exploitation, a situation is developing 
ulueh will, unless guided and checked, lead to the ultimate reiection of bac- 
teriophage bv all who make any pretense to the practice of scientific medicine 
So infinite are the possibilities uhich the diseoverv of this principle has made 
appaient that it would be nothing short of a calamitv to have its continued in- 
vestigation retarded or even halted tliiough the unbridled enthusiasm of those 
■cho, Without regard to the mechanism of its action, make use of this principle 
whenei er an opportunity presents itself 

Clinical observations without regaid to theorv haie thus far constituted 
the chief impetus to the increasing use of bacteriophage The glowmg reports 
of successful treatment of conditions oftentimes regarded as hopeless, are charac- 
teristic of the soit of piopaganda that has kept manv doubtful biologic products 
in faior That thei haie stimulated the use of bacteriophage is unquestionable, 
and It IS equalli cei tain that tliev should bi no means be considered as valueless 
Difficult as it is to draw conclusions from data of this ti-pe, the verv u eight of 
testimonv in time becomes lmp^essl^ e 

Since clinical experience has been on the whole faiorable and at the same 
tune imcom ineing, it appears that but little can be contributed by a detailed 
presentation of the material found in the literature The methods have been 
siimlar m most instances the results especiaUv m the past few rears almost 
innrnbh encouraging On the othei hand the theorv upon which therapv is 
’n^cd h as been repeatedh attacked The canons properties of bacteriophaue 
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othei than Ij sis haA c not received adequate attention, and animal experimenta- 
tion has failed to piovide suppoit foi clinical expectations Foi these leasons 
it would appeal that a piesentation of some of the theoietical aspects of the 
problem would give a moie accuiatc index of the position of baeteriophage m 
elinieal medicine than vould the more spectaculai but less reliable figures of 
clinical expel iments 

The socalled haeteiiophage in geucial use foi theiapeutic puiposes is in 
reality a lathei complex mixtiiie, one element of which is the bacteiiophage 
pioper Each of the components of the mixtuic has certain biologic activities, 
some veij^ veil Imovn, othei s as yet scaiccly realized The Ijtic piinciple itself 
possesses attributes othei than Ij sis, among which may be mentioned ability to 
tiansfoim baeteiia, i e , to instigate baeteiial dissociation, and ability to stimu- 
late pliagoejdosis The spectaculai natuic of the phenomenon of lysis has so far, 
liovevei, oveishadovcd any othei virtues possessed by the bacteiiophage or by 
the othei components of the filtiatcs m vliich the piincipIe is contained, with 
the result that theiapy has been based almost entirely upon the expectation of 
111 VIVO Ijsis Almost vithout exception cbnical cxpeiiment has been planned 
to proiude the most fai oi able condition foi I3 sis This has resulted in a selec- 
tion of cases to be tieated and a choice of methods and pioceduies calculated to 
favoi the Ijdic phenomenon 

One of the fundamental conditions imposed by the adoption of lysis as a 
basis foi theiapeutic application is that the infecting oiganism be susceptible 
to Ijsis in Aitio The effect of this concept upon proceduie is obvious The in- 
fecting oiganism must first be isolated It must then be tested with loiown bac- 
teriophage to detcimine vhethei Ijsis can oecui In the absence of lysis, an 
effoit must be made to piepare a bacteiiophage of maximum actnity against this 
oiganism In the event that a satisfactorj' bacteiiophage is discoveied, care 
must be used in the tieatment to avoid the foimation of antibacteriophagic anti- 
bodies Since polyinruleiit bacteiiophages aie not common and since the prepa- 
lation of specific bacteiiophages foi gnen cases is difficult and frequentty im- 
possible, the numbei of patients suitable foi tieatment is limited It is not 
uncommon to find antibacteiiophagie semm in patients not prenously tieated 
with haeteiiophage, vhich fact still fuithei limits the possibilities 

Serious as are these objections to bacteiiophage tlieiapj'', the failure to dem 
onstiate that in viio Ijsis can occui under the most favoi able conditions has 
brought about what amounts to a complete collapse of the theoiy Here, how- 
ever, one must he cautious m generalizing, foi conditions vitliin tissues and m 
the ciiculating blood arc not comparable ivith conditions in the intestine, the 
uiinaij' bladder, and body camties Direct evidence of lysis in the intestine is 
difficult to obtain In the isolated loop of intestine, Leitner^ easilj^ demonstrated 
bactericidal activity of bacteiiophage If this experiment has not been con 
firmed, it is equally true that no one has shown that h sis does not occur in the 
intestine There is likewise much indiiect evidence to the effect that here at 
least baeteiiophagy can be expected That hsis can and does occur m the uri- 
naiy bladder has been demonstrated by Maicuse- and Laikum® It is likewise 
not improbable that in the absence of extensii e pui ulent exudate Ij’^sis can occur 
in other cavities 
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In tlie circulating blood and mtbm tissues, lioi\eier, bacteriopliagi is of 
doubtful occurrence Applebaum and MacNeal^ liai e recentlv demonstrated tbe 
inlubitory action of blood and pus Ki ueger and K ortbi up'^ bai e indicated that 
a concentration of bacteriopbage sufScient to cause h sis an blood or tissues is 
difficult to obtain and is piobabh never reached m ordmarj- clinical experience 
In the hght of avadable information, one can only conclude that if the effec- 
tiveness of bacteriophage theiapy is dependent upon in ino hsis, its applica- 
tion is bmited to enteric infections ivith some slight hope for kidnev and bladdei 
conditions Ei en then the treatment is hmited m application and must await 
considerable improvement before it can have universal utibty 

Chmeal experience vhatevei it lacks in scientific i alue has, however, clearlv 
indicated the inherent possibibties m bacteriophage therapj in conditions where 
Ivsis could scarcelv be expected to operate The treatment of staphylococcus 
mfections, especially of the skin, has been sufficientlv encouraging to warrant 
continued and more exacting trial and if Ivsis cannot be offered as an explana- 
tion for Tosnlts, there are other and better explanations available 

In the preparation of bacteriophage, bacteria are lysed and as a result of 
Ivsis there must remain in the filtrate a certain amount of bacterial protein 
The extent to which this protein is hvdrolyzed to simpler compounds is not 
known at present and probably varies considerably according to the bacterio- 
phage and bacterium used and the condition under which Ivsis occurs Manv 
mi es+igators, Pache and Urech,® Schultz," and others, contend that hvdrolysis 
is marked and that verv little bacterial protein remains On the other hand the 
production of bacterial antibodies bv these lysates has been repeatedly observed, 
notably by Arnold and "Weiss,® Arlomg, Josserand and Narbonne®®® and Lar- 
kum^® Furthermore, I have always found in lysates of staphylococcus that 
ammo nitrogen represented only a small fraction of the total nitrogen present 
The chmeal procedure recommended by the Michigan Department of Health 
and which has been used in more than 2,000 treatments is based upon the 


assumption that these bacteriophage filtrates are m reahty vacemes, although we 
have not failed to provide a potent bacteriophage along with the proteins We 
have alnays insisted upon inoculations m treatment regardless of the type of 
infection, and although no conclusions can be drawn as a result of our experi- 
ence, we have the distinct impression that a very considerable immumty is estab- 
hshed after inoculation The production of antibacteiiophagic sera is in our 
estimation a bogv^ not to be feared, and as tune goes on it appears more and more 


possible that our doses (2 c c ) are much too small Further support for our 
hehefs is furnished by Stout,i^ vho for a number of months has been using large 
and repeated moculations with good results From the same source we learn 
that bacteriophage prepared from freshlv isolated strains of staphj loeoceus is 
much more effective than that prepared from old cultures This cheeks with 
our own experience 


Local apphcations of bacteriophage in treatment of staphylococcus infec- 
lons hav e been mdelv used and have been successful according to Rice,i= who 
e levcs that this method is a combined bacteriophage and antmrus act/on If 
sigmficance to the numerous reports of successful appliea- 
ot the principle of local immunitv, it would appear that such results as 



67b 


THE JOURNAL OF LABORATORA AND CLINrCAL jrEDICINE 


attend tlie local use of bacteiiopliage might be attiibutable to some such mech- 
amsm In mcw of our piescnt lack of infoimation on tlic subject of antivirus, 
houeiei, it is impossible to oftei this as a contiibnting factoz in the lesults 

Bacteiiopliage, it is claimed bj-- d’lleielle/'’ Smith, Arnold and Weiss, 
and bj Nelson,^® has a lemaikablc opsoni/nig action Bacteiia nliich have had 
onlj" a biief contact nith the Ijiic piinciple aie much moie readilj ingested bj 
leucoeAdcs than aie noimal oiganisiiis With Knudscn, checked such results, 
and voiking nith puiified baeteiioiiliagc, ne demonstiated that the bacterio 
phage itself lathci than the pioteins bi ought about the change Opsonic indices 
as high as 40 have been lepoited, although the a\eiage foi all e\pciiments nould 
be nearei 10 Whethei this is significant fiom the standpoint of tlieiapj has 
not been demonstiated 

The change in the bacteiial substiate through the action of bacteriophage is 
as jet little appieciated in its tliciapcntie significance Bacteiial Ij^sis has so 
far occupied the attention of invcstigatois that the loss of 'iiiiilence noted m 
secondaij lesistant cultuies has leccnecl little attention In fact, at fiist it nas 
belieied that those oiganisins which lesisted the action of bacteriophage and 
dei eloped following hsis had enhanced viiulenee This view was held bj 
d’Herelle who latei leiiscd his opinions, and the deei cased Mriilence of such 
cultures has since been obsci^cd bj numeious invcstigatois Hence it is en 
til eh possible that even without Ijsis baeteiiophage maj' consideiabh alter the 
couise of an infection 

With so much contioieisj ovci the effectiveness of bacteriophage as a thera 
peutic agent and the mode of its action it ivould seem that animal cxpeiimeuts 
might pioiide an answei, espceiallj since contiols could be easily assiued The 
one gieat objection to such expeiimciits has been pointed out bj d’Heielle^® and 
IS becoming moie geneialh appieciated bj iiiimunologists Puicty aitificial in- 
fections although thej hai e then place, cannot be accepted as a sound basis foi 
immunologic or theiapeutic conclusions It is essential that expeiinients be 
earned on with infections to which the animals coneeined aie uatiuallj sus 
ceptible E%en heie aitificiallj' induced natmal infections do not necessarilj’' 
leproduce the conditions obtained during natiiiallj tiansmitted disease As a 
result, the situation wutli lespect to contiols is almost if not altogethei as com- 
plicated as with human subjects 

Such expel iments as ha%e been conducted ivith animals ha\e given lather 
vaiiable results The eaih experiments of d’Heielle^® with fowl tj^ihoid were 
not sulficientlj extensive to be conclusive His latei ivoik with barbone in buf- 
faloes was appaieiitlj’’ satisfactoiy, although Cowles and Hale^® make the state 
ment that in a peisonal communication d’Heielle claims the opposite In this 
same papei Cowles and Hale sumniaiize the situation with respect to animal 
expeiiments as follows 

“Pyle®® working wuth an infection bv Bact pulloium, and hevy,"^ Toplev, 
Wilson and Lewis,®® Kieliet and Hauduioj^,®® and Bi onfenbi enner and Koib," 
studjnng mouse tjphoid, all obtained unfaimiable lesults as did Wollman-’ ivith 
Bacillus shigae and B damsz In experiments on plague in lats Dooienbos- 
found that bacteriophage excited some inotective action but Compton- 

failed to observe anj'- such effect ” 
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Co^Yles aud Hale, thcmsehes Y\erc unable to protect ubite mice against 
anthrax bv moculations ot bacteiiopbage and Lanmoic aud Hams-® state that 
typhoid bacteiiophage (lu guinea pig‘=) excited no prophylactic oi therapeutic 
action on B typhosus infection 

There are, howeYcr, a nuiiihei of animal experiments nliicli tend to demon- 
strate the relatiAe efficacy of inoculations of bacteiiophage as a method of choice 
m treatment and to attribute the lesults to the bacterial proteins imohed 
Vliile Compton nas unable to deiiionsti ate am therapeutie laliie m plague bac- 
teriophage, he was able to immunize lats against infection and concluded that 
failure to detect bacteriophage in immune animals leads to the conclusion that 
the immunity is antibacteiial lather than piotobiotic Jlaslakowitz and Hasar- 
nowsky-® immumzed rabbits ivitli Shiga bacteriophage and found them pro- 
tected against ten lethal doses of the bacteiia The\, too, present eyidence to 
shon that the bacterial pioteins icndered ayailable bv the bacteriophage pro- 
\nded the protection JlistraP® ivas able successfully to treat a paratyphoid in- 
fection m hogs bv inoculation of bacteriophage and Ailomg, Josserand and Nar- 
bonne'* could protect guinea pigs against intiaperitoneal moculations of B 
typhosus vhen these pigs received first serum from rabbits ivliieh had been 
immumzed by moculations of bacteriophage This again fai ors the antibacterial 
rathei than protobiotic action of bacteriophage therapy Flu®^ was able to 
protect rats against 40 lethal doses of plague bacilli bv gmng prelimmary moeu- 
lations of bacteriophage Finally, Lucchini and Tilla'*- state “There is no 
evidence vet that bacteriophage itself has been of value therapeutically The 
evidenee faiors the vien that such theiapeutic results as have been obtained were 
due to the action of the bacterial piotem present ” 

Any eaieful leading of the hteiatiue must leave one more oi less sceptical 
in his attitude toward bacteriophage therapy On the other hand cbmcal ex- 
perience and the wealth of possibilities inherent m the principle seem to de- 
mand the continuation of investigation But investigation and not mere em- 
pirical application is required "Vniile it is probably justifiable m mstanees 
where other measures aie not usable and where bacteriophage has already given 
some indication of possible value that the patient should not be demed what 
may be of assistance, it is equally imperative that the methods of treatment be 
placed upon a sound scientific basis It matters considerably whether the bac- 
teriophage or the bacterial proteins aie the effective fractions of the filtrates 
emploied, for dosage, method of appbcation, and preparation of the product 
depend upon an understanding of these facts Study of the bterature does not 
as 1 et offer a solution of the problem It is highly essential that experiments 
e continued on both ammals and human beings with a recognition of all the 
questions involved 

If seicral years of investigation into the problem of bacteriophage therapy 
las contributed anything at all it has been this That clinically gratifying re- 
^ Is m spite of lack of knowledge of the principles invohed have been the ^e, 
lat ingestion local application or inoculation of bacteriophage oftentimes m 
^rge doses has so far as we can judge failed to complicate the infection or other- 
'"ise retard progress toward recoaerv m the patient, and that above all oppor- 
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tumtj^ foi eaiefuUj^ coutiolled clinical eNpeiiments wliicli appaientlj’- can be 
earned out mthout deti uncut oi discomfort to the patient is ui gently needed 
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OBSERTATIOXS OX THE BACTERIOPHAGE IIF 


The Treatment of Colon Bvcillls Infections of the Ubinvra Tract by 
JIeans of Subclt^neols vnd Intrv\'esicle Injections of B vctefioi hage Fil- 
trates Detailed Case Reports jMethods for Prepapation of Filtrates 


By D Murray Comte, MD , AND C Hicks Ann Apbor, Mich 

T he accompanyinp: lepoit lecoids the treatment and pio^ress of 46 cases of 
niinarA' tract infection Mitli one oi more stiains of the colon bacillus and one 
■with bacillus tvpliosus (Case 7) These records are ananged so as to make it 
ease for the readei to come to his omi conclusions Theie is much unnarranted 
enthusiasm concerning the use of the bacteriophage as a geneial measure in in- 
fections of all kinds and in conditions that are secondaiA to them Bacteriophage 
treatment has not vet reached the point nheie it is unnecessain' to indmduabze 
That there is an important place for the bacteriophage in therapeutics cannot be 
questioned Its preparation and administration should be under the direction of 
competent medical men 

Great conseivatism should be CYercised in order to acquire as much trust- 
Morthv information as possible No field in medicine is so fnU of variables as 
chuical medicine, particularlv that side irhich has to do mth therapeutics "With 
■work of this character ive have a great opportunitv for the acquirement of fairly 
exact information, since technic can be so carefuUy executed and bactenologic 
Mork so carefully controlled 

There has been no attempt to secure a large number of cases to report 
Those that are recorded came in the ordinary run of our Chnic and in private 
practice Thev represent, of course, onlv a fraction of those that come to the 
various chnics of the University Hospital The msh has been that the cases 
might be studied earefuUv and for long periods of time This has been possible 
m quite a number of them and inll be recognized Tlie records unfortunatelv 
are not all as fuU and complete as thev should be This is due in part to State 
patients coming to the Hospital mth no, or verv inadequate, histones, to the 
necessity of dispensing mth the services of special nurses and to the discharge 
of these cases from the Hospital as soon as possible after the disappearance of 
svmptoms and of the bacdluna This has made it difScult to secure satisfaetory 
foUou-up notes in some cases Hence it is onlv possible to sav concerning these 
that sterilization ivas secured follomng bacteriophage treatment 

Several problems present themsehes for consideration in the treatment of 
ell colon bacillus infections of the urmari tract One cannot know too much 
about the history Have there been prenous attacks ” Have there been unex- 
plained illnesses in the past, particularlv if associated ivith fever pains in the 
abdomen and back ? Has there been a recent infection, an upper respiratory in- 
ection, for example, ivhieh mav haie been a predisposing factor? Hon Ion" 
lai e th e present svmptoms or manifestations been present “ In other nords are 

Mtal :>n?‘The'co?ic'’HoTp!ml'’^ PcdKtr.cs nnd Infectious D.seas- Ln.tersiu of M.ch.gan Hos- 
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%\e dealui" with an acute, an acute lecmient, oi a cluonic infection? One must 
stait out with the knowleclffc that these diffeicnt types ol infection do not all 
lespond alike to treatment wuth the bacteiioplia^e On puiely theoretical 
gioiinds we may expect a case of recent deyelopiiieiit to lespond more promptly 
to treatment than a cliionic one In peisistent cases a pjelogiam should he 
made If the ease falls m the chionic gioiip a guaidecl piognosis as to the dura- 
tion of tieatment and of obsei cations should be gnen, some idea as to the 
prospects foi ultimate steiili/ation of the nrinaiy tiact 

DETOLOPING OR AD\PTING THE BACTERIOPHAGE nLTRATT 

Elsewheie we haye deseiibed in detail the methods employed for the de- 
celopment of filtiates foi tieatment Aftci many ceais of diligent eifoit it has 
been impossible to decelop a suitable polycalciit stock bacteiiophage filtrate 
■which could be lecommended oi dispensed foi tieatment of B eoli in inary tract 
infections in geneial A potent filtiatc foi one patient’s B coli, which may 
ha\ e taken many w eeks to deyolop, may ha^ e no Ij tic effect w'hatsoever on an 
oiganism isolated from anothei patient On the other hand, it may so happen 
that a filtiate foi the second patient may be de\ eloped fiom sewmge base oi 
fiom a stock phage in a few' daj ’s time 

All bacteiiophage filtiates aio pohwalent in the sense that thei are Irtie for 
more than one oiganism, partieulaily for old laboiatory stiains It is alwajs 
possible, to enhance the potenci of a bacteiiophage fiom sewage base or fiom 
stock filtrates Among stock filtiates kept on hand, which usually nnmbei nine 
01 ten, w e often find one that is satisfactoiy foi treatment If tins happens many 
daj s ’ time mat be sai ed 

The gieatest pioblem of all is the adaptation of the bacteriophage to the 
case stiaiu The many illustrations of piompt steiilization after an entirely 
satisfactoiy bacteiiophage has been found, inclines one to feel that no mattei hon 
long the infection has been ninning, if this can be achieA-ed, a satisfactoiy lesult 
wall occur Tins is wmll illustiatcd m the following case 

C\SE 30 — A W Baeterioplngo 'lc^^pt'ltlon Tins begun September 1C, 192S A pirtially 
potent bactenopinge ins not obtiiuod for twentT four Cuts It u is decided to try A out 
After tivo months’ trcntmeiit it uis of no UTail Tlio patient passed from observation for 
Eivtecn months, uhen slic rotuinod foi furthei tre itment (JInrch 10, 1930) Because the 
original battenophage proTid to be It tic for organisms of sever il other patients it Tvas hept 
as a “stock phage ” It hid heon coiistantlr under dcTclopment all this time, often being fed 
three times a daj Tvith this patient’s organism It TTas hott found to have a verv vigorous 
action against the pitient’s straui Nino dnjs after the first subcutaneous in]ection stenbza 
tion lias complete Tourtceu suhstqucnt mine cultures oici i period of sixteen dnjs Tvere 
negative Eleven months later a urine sample shOTTcd no cells There had been no return of 
sjmptoms Unfortunatclj the intern nho saiv the patient at this time failed to send a sample 
of the catheterized specimen to the laboratory 

Case 29 — I E In this case the development of a satisfactory filtrate took tiro months 
tmie It TTas Tory potent for the patient’s strain In this patient no attempt Tvas made to 
treat her vath a partialh Ivtie bacteriophage Three days after the first subcutaneous m 
yection the urine became sterile and continued so for file successive cultures over a period o 
eight days There has been no rccuiience 

It IS true that there is more difficulty in finding a satisfactory bacteriophage for the 
long standing cases On the otlicr hand, one may be found m a oomparatnely short time, as 
illustrated in the following case 
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Case 27 D D, 5 years old, Ind had pvuna and bacillnrn for over a year A verv 

potent filtrate was developed rn ten davs The urine became sterile m three days after the 
first injection and ronnmed so for three succcssue cultures o\cr n period of four dnvs, 'when 
bhe •w'ls discharged A letter from the mother n month Inter reports gnin in vrcight, marked 
general improvement, and nhsence of svniptoms 

Experience teaches that some of these apparcntlv resistant cases will recover if treatment 
IS persisted in, rather if Jahoratory efforts arc persisted in, long enough Tint the bactc 
riophage benefits these long standing cases, even tliongli we may he unable to entirely eliminate 
-he organism, is shown hv the clearing up of the clinical svmptoms and tne disappearance of 
pvnna under its n*:c In the case (Case 35) of longest duration, probably thirty years, foul 
urme, cloudiness and excess of cells disappeared 

■RTien the acute cases, those of recent origin that do not give a history of previous at 
tacks, are considered, we find that a satisfactory filtrate is secured in from one to twelve davs 
In nine it was secured within a week’s tune In one case it took nineteen davs to develop a 
suitable bacteriophage It should be noted that for some unknown reason at this particular 
tune difScnltv had been eyperienced in promptly developing a filtrate for one or two other 
cases 

Under the inflnence of treatment with the Ivtic principle, it is a common observation to 
see one stram or colonv type apparently changed to another That is a sensitive type changed 
to a resistant type In our use of the letters S and R we mean sensitive and resistant 
have not always been able to conyincc ourselves that all these resistant tvpes prodnee rough 
colonies The impression is casilv gamed that recurrences arc due to the reappearance of the 
sensitive strain which is often a smooth colony producer It seems quite probable that the 
sensitive type mav develop from the resistant type which is often a rough colony producer 
Tlie greater nnmber of colon bacillus infections of the unnarv passages in our experience are 
of the single type 

All ahmsation — If during the time bacteriophage development is going on the patient is 
being alkalmired, a certam amount of time is saved Professor D’Herelle showed quite early 
in his work that the bacteriophage is not resistant to acid It thiives best m slightly alkaline 
media (-6 to -12) "Lysis yyiU not take place in a medium of acid reaction ’’ "The bacte 
riophage ceases to groiv when the medium presents the slightest aeiditv ’ ’ Poncher and Coyne 
nave verified these statements Thev were able to develop a bacteriophage resistance to 
temperature above 75° C bat not to aeiditv * These observations were of course done m 
ntro Because of this fact alkalinization has been an essential procedure m the treatment of 
all of our cases Our routine method at the present time is to pnt the patient on a basic diet 
and sufficient sodium bicarbonate alone or together mth sodium citrate to render the majonty 
of the nrine samples alkaline If during this treatment the urine occasionally becomes sbghtly 
acid to litmus, bacterioiihage action seems to continue (examples Cases 24 and 35) In those 
ases wliere careful observations were made on the urine reaction, we were convinced of the 
necessity of this procedare IVe have had cases that showed no evidence of bacteriophage ae 
tion while the urine remained aeid, but which did after the urine became neutral or alkabne 
Alkabnization is not always an easy condition to produce unless one sets out to insure its 
presence A. blanket order for one patient mav not fit another It is best to give the patient 
Pmk litmus paper and mstruct him how to test Uis urine If during the time of phage develop 
ment the patient is undergoing alkalinization, particularly if it is a long period, and if after 
tl"^ injections of bacteriophage the unne becomes sterile, one mav wonder if 

^>e benefit came from the bacteriophage or the alkaU ilost phvsicians have seen cases of 
^ coll infection of the unnarv tract apparently recover on the use of alkali alone, so far at 
^as as the disappearance of symptoms is concerned This experience is bv no means regular 
e result followmg bacteriophage treatment is often so prompt and so marked as to leave no 
have '’'’-'crver’s mind as to its efficaev The effect m long standing eases, those that 

They treatment including alkalinization, are of particular significance 

true nf b-ictcriophage mav bo effective m the treatment of this 

Tlie almost regular sterilization of acute cases foUowing injection of a bae- 

•Lnpubllshod record 1^22 
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terioplngo fillntc -wliich \vc oursehcs ire entirely satisfied iiith coniiiicos ns tint the bacte 
rioplngc 13 responsible Sterilization in those cases in iihich the urine reaction Ins not been 
entirely satisfactorj so far as alkalmitj is concerned, ivlierc it has been sbghtly acid, is addi 
tional eiidence in faior of the bacteriophage being responsible for the sterilization 

Avtohactcriophagc — ^Because of the possibilitv, some might s ij the probability, of the 
doielopinent of an nutobacteriophage in the patient’s urine, it is important to utilize the 
principle of alkaluuzation One of us Ins used alkalies in patients for other disturbances for 
manj months at a time in doses coniineusur itc nitli those lie use in bacteriophagy without in 
ducing untoinid lesults This is particularly true of certain gastromtestinal disturbances 
associated ivith hyperehlorlndiia We think no harm mil come from this provided a case is a 
suitable one for alkalmization, and the alkali is given at the proper tunc in relation to the meal 
So long as no edema, no unexplained increase in i\ eight, and no breathing disturbance occur, 
it 13 safe 

We liaxc not been successful in regularly demonstrating the bacteriophage in the urine 
of patients mth B coli infections cither before or after bacteriophage injection Others have 
done so, particularlj after the inioctioii of bacteriophage Thci report that it is an almost 
invariable finding We ha\c, honever, found three cases in ivliicli a bacteriophage had de 
X eloped in the patient’s urinan tract These Inie boon of great interest In one (Case 16) 
it nos discovered at the tune of the first culture It occuircd in a patient x\ho had been sent 
to Contagious Hospital because of a suspicion of tjphoid fever JIanj slowly motile gram 
negative bacilli, which we believed were B coli, weie found in the urine Blood culture and 
other typhoid teats were negative The patient’s blood had developed no agglutmms for 
B tvpl'osus This boj of eight jears, who had been ill for five dajs preceding entrance to the 
Hospital, became afebrile bj Ivsis on the third da> in the Hospital The motile bacilli disap 
peared inside of twentv four hours after this They could not bo cultivated The urine con 
tamed a bacteriophage that was lytic for several other ease strains and for a strain of B Cob 
isolated from the patient’s stool This illustrates the characteristic manner in which a bacte 
lophage roaches a high state of potenev just before the termination of an infectious process, 
and suggests that colon infections are uaturallj terminatLd this way and that it might be pos 
sible to find an active bacteriophage in the urine of such cases should wo be able to follow 
them from dav to day as vve do a tj-pfio*d or a dvsenterj patient 

In another case (Case 44) which was brought to the Hospital because of a supposed 
acute appendicitis, and which was referred to this Department eight days later for study, a 
urine culture taken at this tmic (Hob 20, 1031) was found to be loaded with colon Bacilh 
Alkalmization was bgun Tlirco days latei there were dcfiiutclj fewer organisms in the urine, 
and an autobactonophage was discovered It was still present eight days later It had httle 
power against the organism it had been living with sjanbioticallj We endeavored to cn 
hance its virulence artifienlh and sutcccded in domg so to a certam extent Bj the sixtv 
fifth day after the first injection of the enhanced autophage, the same organism could still be 
solated from the patient’s urine When this culture was left alone, it Ivsed itself m fortr 
eight hours, makmg it impossible for us to keep a strain for further study The urine was 
found to be sterile fifteen and twentj dijs later No other bacteriophage was used m this 
case In another case (Case 43) a bacteriophage appeared in tlie urine sixty seven days after 
the last of four inoculations of bacteriophage filtrate 

Method of Administering the Bacteriophage — There arc three methods of administering 
bacteriophage filtrates, subcntancons, intrav esicle, and by direct ureter catheterization All of 
these methods may bo emplojod singlj or combmod as the case maj indicate 

Suheutaneous Injection Early experiments of D’Herello indicate tint small doses are 
definitely more effective than large ones In liis experimental work with Barbono which nny 
bo regarded as fundamental, a “solid immunity’’ could be conferred m forty to sixty dajs 
after a smgle injection of 20 c c of the bacteriophage filtrate, in twentj eight days after 5 c c , 
in twenty days aftei 0 25 c c , and in four days after the injection of 0 04 c o If tlie animals 
were inoculated with a culture of barhone earlier than the intervals indicated for the respective 
amounts of specific hacterioplmge, the animals died Professor D’Herelle indicated the dose 
of 2 c c for the treatment of colon bacillus infections in man We Inv c used this amount, an 
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never more tlnn 3 c c sulicutnnconslv It Ins been onr custom to give the amount on altemat 
mg dovs for ttiree doses 

In our first senes vrc used onlr the subcutaneous method There are 10 acute cases which 
were treated this way The urine became sterile in 10, 17, 19, 15, 11, 7, 5, 4, 1, and 5 davs 
respectively There are nine acute cases treated bv the combined subcutaneous and intravcsicle 
methods, 3 c c in tlie arm, S to 10 c c instilled into the bladder The urine became sterile in 
8, 2, 2, 6, 2, and 4 davs respectivelv in si\, one (Case 16) developed an autophage, one (Case 
12) could not return for culture From this evpenence it would seem that the combined 
method is preferable As the instillation of bacteriophage filtrate into the bladder produces 
no irritation it seems advisable to recommend this method of treatment for all cases Should 
the mfection be a cvstitis alone, this tvpe of treatment might prove more efScacious IVe have 
treated onlv two cases by means of flushing the kidnev pelvis with bacteriophage filtrate Iso 
special advantage was gained over the other methods 

There are four acute recurrent attacks In three cases treated bv subcutaneous mice 
tion alone, (Cases 19, 20 and 22) the urine became sterile in 3, 3, 9, and 2 davs respectivelv 
One case (Case 21) treated bv the combmed arm and bladder method became sterile in two 
davs There are 10 attacks m S chronic cases treated bv subcutaneous injection alone The 
urine became sterile m 13, 3, 9, 3, 2, and 1 davs respectivelv in 6 of these (75 per cent), not 
at all m 3, and in 11 months m one There were 19 attacks in 12 cases treated bv the com 
bmed arm and bladder method Tlie urine became stcnle in 9, 1, 1, 7, 33, 33, 6, 5, 33, 15, 5, 
and 1 davs respectivelv m 12 of these (63 per cent) In 5 attacks we were unable to sterilize 
the urine The average number of davs necessary for stenbty bv the subcutaneous method 
alone was 6, bv the combmed method 9 If we esclude the esceptionallv long ease (Case 35), 
the average number of davs for the combmed method was 6-=- Agam the combmed method 
seems to be the better 

Bladder Instillation The patient should present himself for treatment with a full 
bladder This insures an adequate sample, and if a man, we think catheterization is easier 
He has been mstmeted to reduce his water mtake somewhat before treatment and to refram 
from cvcessive drmkmg until five or six hours after mstiUation The patient should lie down, 
preferably m bed He is instructed to hold the urme as long as possible, the idea being to re 
tain the bacteriophage as long as possible Most people have no trouble m retaimng the urine 
five or sis hours With children it may be more difficult While this is not an absolute rule, 
we think it has certain advantages 

Beactions In our experience, the severity of the reaction is m proportion to the amount 
of protem the filtrates contam. We have sometimes found that a bacteriophage developed m 
broth mav have a higher potenev than that developed on hard media The latter contains the 
smaller amount of protein Its solutions arc prachcallv water white The potenev of a baete 
nophage may be developed so high m broth as to permit of verv high dilution. Such filtrates 
mav not produce marked reactions Tliese reactions are usuallv the well known nonspecific 
protein reactions, such as those that follow the subcutaneous injection of sterile milk or dead 
tvphoid baciUi If the patient becomes sensitized or has previously been sensitized to any of 
the proteins contained in the filtrate, a specific reaction mav occur The local and general 
reactions mav be so severe that one may question the advisabibty of proceeding with the treat 
ment until a more satisfactory filtrate is secured As a rule, m the larger percentage of 
naticnts treated, no uncomfortable reactions occur With the clear filtrate off solid media onl- 
a amt pink local reaction measuring 3 by 3 cm to 5 by 5 cm or less, with Uttle or no edema, 
■«a be observed A filtrate that will give a verv marked reaction m one patient mav have no 
e ect whatsoever in another No untoward results have followed anv of the manv hundreds of 
injections we have given Children as a rule react less scverelv than adults 

The question mav qmte propcrlv arise as to whether the protem content of the filtrate 
av not be responsible for the disappearance of the colon bacUlus from the urme Indeed we 
avc seen bacteriophage filtrates that have been used in a somewhat promiscuous wav in other 
Ix^rr caused us to wonder if some of the effects produced mav not have 

ttue to the nonspecific action of the protem Nonspecific protem therapv has been used 
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quite cxtonsuelj in urimrj infections Come* has piion tins subject considerable considers 
tion He found tint 3 c c of nornnl horse scrum injected subcutaneoush causes the urine in 
certain cases to become sterile He had no success mth the use of dead tiqilioid bacillus pro 
tein Because of this fact a special effort has been made to keep the protein content of the 
bacteriophage filtrates as low as possible A acrj coniincing experience in fa\or of the bacte 
nophage being the responsible factor in addition to its obiious effect on the bacterium m 
vitro IS the fact that sterilization In means of the bacteriophage is the same whether the pro 
tein content of the filtrate is high or len low, whether a reaction occurs or not The case re 
corded in which a powerful autobactcriophage dei eloped and which terminated in prompt re 
covory is a ceri good illustration that the bacteriophage alone was responsible for the cure 

Effect of Ecpcatcd Attempts to fttcnlac the Urinary Tract inth Eactenophage Fil 
tratc — It has been feared because of the dci elopniciit of bacteriophage antibodies in a patieat 
treated with bacteriophage filtrate that a second scries of injections would be of no avail 
This IS probably due to a luisundcrstaiiding of the original experiments on bacteriophage anti 
bodies D’Herellet has shown that the bacterium builds up antilcsiiis against the bacte 
nophage and by so doing inaj become moic resistant in a given preparation than it formerly 
was This occurs if a bacterial suspension is inoculated with a weal bacteriophage He ex 
plains on the same ground tlic failure of a bacteriophage of the same tvpe to produce lysis 
when it is massively inoculated into a baeteri il suspension Under this condition the bacteria 
produce a large amount of antihsin, whereas if a verv small amount of the same bacteriophage 
filtrate is inoculated into a bacterial suspension which has been liighh diluted Ijsis is com 
plete m twentj four hours Because of the high dilution the inhibitory substance has become 
inactive This is particularly noticeable when transplants are made on solid media In the 
treatment of B coli infections this factor docs not enter 

D’Horcllo has also shown that antibodies of various types develop in the blood of rab 
bits following the injection of ecrtaiu bacteriophage filtrates It should bo remembered that 
those filtr ites contain not oiilj the bacteriophage corpuscles but also the metabolites of the 
bacteriophage action on the bacteria Thus there arc produced amboceptor, agglutinm and 
opsonic antibodies against the bacterium and antitoxin and antifernients against the secreton 
products of the bacteria In the case of B coli he found bacterial antibodies, agglutmms, for 
certain strains These are “usuallv so weak that their action is almost imperceptible ” He is 
of the ojiinion that the presence of bacterial antibodies in the blood are of no special signifi 
caiice The situation is not analogous to that of aiitibacteriophage Sluga dvstentery serum 
The Shiga bacillus develops an eiidotoxm which in turn develops an antitoxin and antibacte 
nophage antibodies that sensitize the Shiga bacillus and render it more virulent for mice In 
this instance an antiimniunizing serum is contained in the bacteriophage antiserum B’HereUe 
points out that this sensitizing substance, sensibilisiiie, “develops in the aumial only after the 
second injection,’' and “but a smglc minute injection of a culture of antidvsentery bacte 
nophage’’ is necessary elfectivclj to vaccinate a r ibbit against the effects of the toxin 

When this knowledge has been applied to man, it has been found that the injection of 
sensitized bacteria are of no greater virulence m general than normal living organisms “They 
are equivalent ’’ From records of cases contained in this report it will bo readilj seen that 
one course of one senes of injections of the bacteriophage filtrate does not interfere with a 
subsequent senes producing Ivsis of B coli in the uriuarj passages whether given at short or 
long intervals 

No bactenophagocidal antibodies develop in an individual after inoculation wath bacte 
nophage filtrate Mrs J O, Case 23, received in all, six injections of filtrate m two series 
If pliagocidal antibodies develop and are of any significance, one would expect to find them m 
this patient’s serum With the assistance of Mr Robert Hicks, various amounts of bacte 
nophage were subjected to the action of this serum for several hours at 37° C Even in those 
tubes that contained only minute amounts of the bacteriophage and a high concentration o 
serum, no difficulty was encountered in recovering a bacteriophage as vigorous^m its action on 
B cob as it was before bemg acted upon bj the patient’s serum 


•The Horse Serum (Foieign Protein) Treatment oC Pjelitis and Pjuria Am J 
9 1922 

tD Herelle The Bacteriophage Eng Trans 1922 XV illlaras S. Will ins Co 


Dis Cliiia 



OBSER\ VTIONS OV THE BACTrillOFIf AGE Ilf 


GST 


Effict of Bactcrwphanc Treatment on the Cell Content of the Urine Usunlh tlic (Imp 
pcirmcc of pus or lutroised cells iii the urine precedes or occurs simulnncoush wtli the dis 
ippcirsnce of B coli In SS esses, the excess of cells dissppcsrcd before the urine bccsme 
sterile ui 10, siniultsncoush in 10 nnd ifter it becsine sterile in 1 The dissppi irsnce of 
cells or the subsidence of nil svniptonis, honeier, ennnot be tahen ns n eritorion for the disnp 
penrnnee of B cob This Mill be seen b\ consulting the records LTifortumteh iii some enses 
notes on the cells nrc imdcqunte Tins lens due to n centering of interest on the Inetenologi 
A perns'll of the c'lscs ivill coniince one tint the trentiiicnt ns cnrried out hns in most cnscs n 
definite effect on the pnirin On the other hnnd, nlmost invnrinbh Mlien bncillunn is com 
pletclr overcome peiirin docs not continue 

Uischarqing the Patient Ml pntients on dischnrge nre requested to continue the nlkn 
Imizntion under the direction of their home plnsicinii or the Clinic Those tint nre npparentlv 
cured nre informed tint the condition recurs in some cn'es Thee nre nsked to report if nnv 
manifestntions occur, nnd nre ndeiscd tint the enrlier thc\ nre nttended to the cnsier it is to 
overcome the infection 


ACCTE COION BACILLUS INFECTIONS, IS CtSE-S 

Tlie criteria foi the diagnosis of acute colon bacillus infections of the uiin- 
arv tract in addition to the demonstration of the colon bacillus are (1) the re- 
cent occurrence that is iMtliin a few daxs to a few weeks, of the well knowTi 
acute manifestations, (2) the oceuirence of manifestations refeiable to the 
urman passages during the eouise of some other disease, usuallv an infectious 
disease, (3) the oeeiurenee of manifestations following a surgical operation, 
particulaily abdominal and pelvic, and foUowing catheterization 

Table I 


CASE 

AGE 

i 

I 

SEX 

PPPOAJllATE 

3GRATIOV BE 
rOPE TREAT 
MENTtVITH 

BACTEPIO 

PHAGE 

URINE BE 

CAME STEE 

ILE AFTEP 

BEGINNING 

TPEATMENl 

IN- 

NtM 

BER OF 

TREAT 

MENTS 

UFIN'X PE 

MAINTB 

STERIBE 

FOR AT 
I#EAST* 

RETUPN 

OF BACIL- 

LUEIA 

AFTEP 

METHOD or 
admimstp^tion 

DATE 

or EN* 

TP^VNCE 

OATS WEEK^ 

1 

10 m 

F 

3^ 

10 davs 

3 

10 davs 

13 davs 

Subcutaneouslj 

6-4 25 


12 vr 

F 

12 

17 davs 

3 

10 davs 

Xo return 

Subcutaneously 

6 13 25 


4 

F 


19 davs 

6 

S davs 

Xo return 

Subcutaneously 

6 15 25 

z 

27 

F 

7 

15 davs 

4 

5 davs 

Xo reium 

Subcutaneously K 

6 28 25 



F 

0 

— T 

11 davs 

4 

9 davs 

Xo return 

Subcutaneously 

9 22 25 


33 

F 

41- 

7 davs 

3 

5 davs 

Xo return 

Subcutaneously 

10 15 25 


so 


Tvphoid 

5 davs 

2 


Xo return 

Subeutaneouslv 

10 26 25 


oO 

F 

3 


3 


Xo return 

Subcutaneously 

6 25 28 


6G 

F 

6 

1 dav 

3 

6 davs 

Xo return 

Subcutaneously 

11 17 28 


52 

F 

2+ 

5 davs 

3 

50 davs 

Xo return 

Subcutaneously 

5 16 29 


00 

F 

o 

S davs 

8 

12 davs 

Xo return 

Subcutaneously B 

12 29 30 



F 

2 


3 


Xo return 

Subcutaneously B 

2 27 30 


50 

F 

2 

2 davs 

4 

20 davs 

Xo return 

Subcutaneously B 

2 10 31 

15 


F 


2 dTvs 

3 

2 davs 

Xo return 

Subcutaneously B 

6 23 31 

IC" 


F 

6 

6 davs 

3 

2 davs 

Xo return 

Subcutaneously E 

10 2 31 

8 

"M 

4 

1 dav 



Xo return 


11 IS 31 

17 




Autophage 






IS 


F 

7 

2 d'lT'* 

3 

2 davs 

Xo return 

SubcutaneouslvB 

12 10 31 



F 

10 

4 davs 

3 

1 div 

Xo returi 


12 16 31 




3 — Bladder 


.iS®^,jrPortuniU for a culture 
^^^ouid not return for check culture 
I’ecori ^^'ns found in unne nt first culture 


Symptoms disappeared Xo recurrence to date 

Lrine sterile following^ daj 
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Theie aie ]2 cases belongjug in the fiist gionp (Cases 2, 4, 5, 6, 10, 12, 13, 
14, 15, 16, 17, 18) (see Table I) The nime became sterile in tno to seven 
days in all but the fiist thiee, mIiicIi lequiied 17, 15 and 11 days icspectnely 
Case 12 iie assume became steiilo The patient has been undei legulai obsei ra- 
tion Tlieie has been no lecuiiencc to Januaiy, 1932 Theie are three cases 
in the second gioup (Cases 1, 3, and 11) The mine became steiile after a 
longer peiiod, 10, 19, and 8 days respectivclj' In Case 1 there yas a reappear- 
ance of B eoli aftei thirteen days Twenti-tivo days aftei a second comse of 
three subcutaneous injections, the mine lemained steiilc for thiiteen days In 
the last gioup theie aie tiio cases (Cases 8 and 9) One responded with a nega- 
tive eultme m tn entj boms and continued to be negatne The other lesponded 
with disappeaiance of siiiiptoms and cells and a distinct diminution in the num- 
ber of bacteria There uas no opportunity foi fuithei ciiltuiing The patient 
had no letmii ot simptonis It may be permissible to sai this case vas at 
least clinically cured 

Theie aie not enough eases in the last tuo groups to waiiant any conclu 
Sion as to a difference lu time foi sterilization to occur The analysis suggests 
that the earlier the ease is placed under treatment the more rapidly it vill clear 
up 

Case 1 — -N E , nged ten montlis U H * 10530 On Hay 14, 1925 the baby was brought 
to the Hospital because of In drocephalus, spina bifida and clubbed feet Two dajs after 


Case 1 Counted as two attacks of baeilluiin 


DATE 

1925 

CELLS* 

B COLT 

URINE r n 

TEM \RKS 

6 4 

+ 

+'* 

6 1 icid 

Alkalmization begun 

5 

++ 


6 2 lead 


fl 


+ 

G u acid 

3 c c bacteriophage filtrate in uiu 

s 



7 2 all 

2 c c bqcteriophage filtrate m "uju 

10 




2 c c bacteriophage filtrate m aiui 

13 

0 

+ 

7 1 nlk 


16 

0 

0 

7 2 nlk 


17 

0 

0 

7 2 alk 


lb 

+-H- 

0 

6 5 ncid 


25 

0 

0 


Gaining weight 

28 

0 




7 7 

+4- 

+ 

6 5 acid 


9 

-H- 

X 

0 9 acid 

3 cc bacteriophage filtrate m iim 

12 


+ 


2 c c bacteriophage filtrate in arm 

lo 




2 e c bacteriophage filtrate in arm 

31 

0 

0 

7 3 alk 


8 1 

0 

0 

7 4 alk 


8 5 

0 

0 

7 4 alk 


12 

0 

0 

7 4 alk 




♦Per low po^ver field uncentrifugod urine ^ «„itiires 

**Esti7natton of the d€g}ce of po'iitiveness f In all of the 1925 auon*? the c 

were marked 4. or 0 without an> attempt to indicate the numbers of bacilli In supseque — ^ 
ports we ha^e adopted the following scheme Inoculations are made with 


standard 2 rnm 


ports we ha^e aaoptea tne louowing seneme inooumuons are inaut; wivu four 

platinum loop .1 1 ] growth completely co\erIng a 3-inch Dndos Petri dish in on 

hours 44_r, about 200 colonies 4-r 50 to 75 colonies 4. about fi\e colonies ± hrotli 

plates but an organism can be de\ eloped in broth with 3 c c of urine 0 hO growm m 
with 3 c c of unne M iny reporters regard a negatne Endos Petri dish as evidence ot st 


Three cubic centimeters of unne in broth is 
must be on media other than Endos (blood agar or broth) 
are below fifty they are usually about fi\e 


jgatne ii;naos Jr^etn aisa itfy 

much more rigid test Final 

ar broth) It is of interest to note that if c 


U H , Unh erslty Hospital C H Cow ie Hospital 
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GS9 


intcrmg, 'i temperature of 103 I® developed SMiiptoms of on upper respir'itor^ infection 
were present On Alni 22 the urine showed pus nnd i tnce of 'ilhumin On Tune 4 n urine 
culture showed B eoli Pi/iOJiosis upper rcspimtore infection t oinplicnted hv urinsre tmet 
infection, probubly peelitis Alhilinizution wns begun A sutisfaetorv bieti rioph'ige ms 
found in stock Three subcutaneous treatments on alternate davs brought about a terinina 
tion of the symptoms 

Eccurrencc of cells and B coli Tulv 7 indicated the necessity for a second senes of in 
lections The pruria and bacilluria disappeared in twenty two d iis, and continued for thirteen 
days Xo recurrence 

Case 2 — C V, aged twelve U H 12SS1C On the morning of Tune 10, 1925 the 
patient complained of pain in the right lower abdomen and a feeling of mal ii^e The follow 
mg mommg she vomited The temperature was 104°, where it remained until admittance to 
the Hospital Juno 13 She aoniitcd several times after entrance There was no history of a 
previous attack The'e hid been frcquenci and burning micturition The patient %\as sent 
to the Hospital with a diagnosis of acute appendicitis 

Physical examination showed a well developed, well nourished, acutely ill child, definite 
tenderness on pressure in the right lower quadrant of the abdomen and in the right costo 
vertebral angle Otherwise examination was negative Leucocytes were 15,300 A cathe 
terized urine sample was turbid and acid, albumin was positive There were 25 coUs per 
low power uncentrifugcd field, some clumps Culture showed B coli 

Alkalmization and forced fluids were begun The temperature reached normal in forta 
eight hours, where it remained for several daas The morning of June 21 chill, temperature 
of 104°, pain in left lower abdomen, and marked tenderness in the left costovertebral angle 
developed Piye thousand cubic centimeters of fluid were given during the following twenty 
four hours The temperature dropped to 101 5 It wUl be obsen ed that the so called sensi 
tive or lytic colonies disappeared from the urine twenty four hours after the third dose of 
bacteriophage, the resistant colonics fourteen davs after The patient made a good recovery 
without recurrence Detailed record follows 


date cells 


1925 

6 13 ^ 

6 16 

619 ^ 

6 20 

6 21 _ 


B COLI mXE P H 
P* L* 


5 S acid 
7 3 alk 
7 3 alk 
7 2 alk 
7 3 alk 


6 22 
6 23 
6 24 


6 25 
6 26 
6 28 

6 30 

7 2 
7 4 
7 5 


+-^ 


7 7 

70 + 

7 11 + 

712 + 

7 13 0 

7 15 Q 

7 16 0 

7 17 0 

7 10 0 


+ 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


7 2 alk 
7 2 alk 
7 4 alk 
7 2 alk 
7 4 alk 
7 2 alk 
6 8 acid 
6 5 acid 
6 S acid 

6 0 acid 
6 S acid 
6 S acid 
6 S acid 
6 S acid 

6 0 alk 

7 2 alk 
7 1 alk 
71 alk 


'P — re^imant 


bale. 


Case 2 


PEAT APRS 


Temp 104” Alkalmization begun 
Temp 99° 

Temp 98 4” 

Temp 100” 

CliiU, temp 104°, pain 1 1 abdomen and 1 0 costovertebral 
angle 

3 c c bacteriophage filtrate in arm Temp 104” continued 
Temp 98 5” 

2 c c bacteriophage filtrate in arm 
24 hours after last mjection 
2 c c bacteriophage filtrate in arm 

Temperature remained normal 27o sianptoms 


14 dais after last miection 


Temperature normal for 15 davs 


Xo recurrence of symptoms 
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Case 3 — P , aged four U H 131201 This patient ms in tiie Hospital for o\er a 
joai because of an e\tuisue burn On June 1, lOJl she uas sent to Contagious Hospital bo 
cause of measles On June 10 she iias transferred back to the Children 's Ward During the 
routine urine e'^aniiintion, pus and ninnj motile bacilli ivere found Alkalinization iras 
started A bacteriophage filtrate ivas read} for iiucetion June 19 Tivo courses of filtrate 
irere iieccssan to clear up tins case Thirteen dais aftei the last injeetioii the urine became 
sterile and remained so 


Case 3 


DATE 

CELLS 

B COLI 

URINt V II 


RFM \nKS 




1925 









C 15 

+m 

4 

C 2 acid 

Alk ilinization begun 




0 IG 

•H-H- 


6 3 acid 






0 17 

,t t ! 1 
rn r 

+ 

G 3 acid 






C 18 

++44 

4 

G 3 acid 






C 22 

++++ 

4 

G 2 acid 






6 23 

++++ 

4 

C 3 acid 

2 c c 

bacteriophage 

filtrate 

in 

'irm 

G 24 




2 c c 

bactcnoplngc 

filtrate 

in 

ntm 

G 21 




let 

bactcriopliage 

filti ate 

lU 

arm 

6 28 


4 







7 1 

++ 


7 4 nlk 






72 

0 


7 4 alk 






73 

++ 

4 

7 4 alk 

3 c c 

bacteriophage 

filtrate 

in 

arm 

7 9 

4+ 

4 

7 4 alk 

3 c c 

bacteriophage 

filtrate 

in 

arm 

7 13 

+H 


0 9 acid 

2 c c 

b tcteriopbagc 

filtrate 

in 

^rm 

7 11 

44+ 


6 9 acid 

2 c c 

bacteriophage 

filtrate 

in 

arm 

7 IG 

+44+ 








7 18 

44 








7 22 


+ 

71 alk 






7 28 

0 

0 

7 2 alk 






7 30 

0 

0 

7 2 alk 






8 1 

0 

0 

G 9 acid 






8 1 

0 

0 

6 9 acid 






Case 4- 

-Mrs A 

Q , aged twenta scion 

U H IJ 

12366 Tlic patient came to the Hos 

pital June 28, 

1925 because of 

pain in the loft side and back About 

one week before en 


trance she noticed "bladdci trouble,” as eiidenccd bi marked frcquonca, nocturia, and burn 
ing Urinary frequency became almost constant, and pain became continuous in loft side and 
back Honeier, the pain nas norsc during certain attacks &be never passed blood, no 
vaginal discharge Temperature rose progrcssiiclj and her doctor found much albumin and 
pus in the urine She a\as giien hewlresorcinal treatment binusitis of the left antrum three 
months preceding admission uas repoited She ms ill five weeks Patient uas pregnant 

Case 4 


DATE 

CELLS 

B COT I 

URINE P H 

REM iRKb 

1921 




Bight ureter B coli 4, loft 0 Alkalinization began 

G 28 

444 

4 

5 9 acid 

6 29 


4 

5 8 aeid 

3 c c filtrate in arm, 25 c c peh ic lai age 

By mistake hexjlresorcmal uas not discontinue 

7 1 

44 

4 

7 4 alk 

7 4 

4 

4 

7 3 alk 





June 28, 1925 





2 c c filtrate in arm 

7 5 

44 

4 

7 4 alk 


7 8 

444 



2 c e filtrate in arm 

7 9 


4 

7G alk 


7 10 


4 

7 6 alk 

2 ce filtiato in aim 

7 14 


4 

7 2 alk 


7 15 


0 

7 2 alk 


7 IG 


0 

7 2 alk 

Condition has cleared np satisfactorih 

7 20 


0 

6 9 acid 
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PhvsicM ex^mIIntIon Timpcnture 104° Otherwise iicgnti\e On luh 1, JOS'; essto 
scopic exsimmtion wns done Both pches were Hinged with hncteriophnge solution 

Tins pnticnt ivns gum four suheutnneous infections of lincttrioplingc solution The 
urine hecnnie sterile on the elcieiith dm nfter the first dose liethcr hexilresorcinni delnvcd 
sterilizntion or not ennnot he determined Uriiinn nntiseptics should not lie ndniiiiistcrcd 
during trcntineiit with the hncteriophnge 

Case o— Airs O’B, nged forts seien C JI ,* Septemher 22, 102 j The pntient com 
plnincd of pninful micturition for o\er two woehs There were no other simptoms She wns 
otherwise in excellent lienlth The urine showed n in irked excess of leucocitcs V cnthcterizcd 
specimen confimicd this finding nnd wns positiie for B coli \lknlinizntion wns begun nnd 
was effected in three dms Sterilizntion occurred in elexen dms The pnticnt ’s sinnptoms 
were defimteh improccd nfter the second trentment, nnd hnd disnppenrcd hi the eleienth dny 
There Ins been no return of sxnnptoms in tins pnticnt 


Case 5 


D\TE 

CELLS 

B COLI 

LPINL P II 

PFM \PKS 

1925 

9 23 


X 

5 S acid 


9 25 

9 26 

-i—H- 

X 

7 6 alk 

3 c c filtrate in ami 

9 27 

9 28 



7 6 alk 

2 e c filtrate in arm 

9 29 
101 

l_ 

+ 

7 6 alk 

2 c e filtrate in arm 

10 2 



7 8 alk 

2 c c filtrate in arm 

10 3 

X 

4- 

7 4 alk 

Colonies changing in character 

10 6 

+ 

0 

7 5 alk 

Svmptoms haie entirelv disappeared 

10 10 

0 

0 

7 5 alk 

10 15 

0 

0 

7 4 alk 

Xo return of svmptoms 


Case 6 — Mrs G W I, aged tliirtx three 0 H, October ll, 192o The pntient had 
chronic nephritis with hc-pertension for two xenrs A few davs previous to October 15 she de 
veloped urethral irritation A catheterized urine specimen showed 100 to 150 cells per low 
power field Culture showed B coli tx^ie R, large white com ex homogeneous colonies and 
tvpe S, small flat grnv translucent colonies In four davs we adapted a bactenopliage that 
was Ivtic for both tvpes The urine became sterile seven davs after the first treatment 


Case 6 



6 

P 

COLI 

«; 

LRIVE P n 

1925 

10 15 

X 


6 2 acid 

10 19 

10 20 


X 

7 4 alk 

10 21 

10 23 

0 


7 4 alk 

10 26 

0 

0 

7 6 alk 

10 31 

0 

0 

7 6 alk 


PEAI APKS 


Alkalinizntion begun 
3 c c filtrate in arm 

3 c c filtrate in arm 
3 c c filtrate in arm 
Svmptoms have disappeared 


entercoT ^ 127787 October 26, 1925 The patient 

was n Hospital October 12, 1925 ivitli tvphoid fever The course of the disease 

di«clnrr''*f^'u "'’"‘’""‘■'I B tvphosus preventing his 

Unne alka 1 ^ October 26, 28, 30, and November 4, 6, 8, and 10 were positive 

mization 'n-as effected, and 3 c c of baetenoplnge filtrate were injected suh 

C H Cowle Hospital "L H ■trni\ersitj Hospital 
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cutincouslj on November 6 and S On ember 10 the urine culture ms still positire On 
November 11 culture ins negative There uas no recurrence This case is includccl in this 
group because of its general intoiest anil the colon tiphoid group of bacteria being so closclj 
related nith regard to the action of the intestinal bacteriophage 

Case 8~Miss G Y , aged fifti C 11 Tunc ST, 1028 Choleci stectonij' nith drainage 
for cholelithiasis and acute choleci stitis 

Juno 27, 1£)2S Urine speciiiien sboned sugar and three or four casts per field Later 
in the dai the sugar nas negatiic, but the specimen i\as loaded nith casts 
June 29, 1928 Sugar negatiic, no casts, marked excess of leucocytes 
Julj 4, 1028 Patient Loniplaincd of irritation and frequency Cathctcrizcd spociincii 
shoived cells ++++ and inani b ictcria 


CA‘;f S 


DATE 

CELLS 

B con 


1928 




7 17 

+++ 


Alkalinization begun 

7 18 

++f+ 

++++ 

L irgo colonies 

7 23 


-M-H- 

3 c c filtrate in arm 



+ 

1 hour after treafmoiit 

7 24 


+H4 

3 c c filtrate in arm 

7 25 


44 

Tim colonics No phage in urine 

7 20 

+ 

-H 

3 c c filtrate in arm No phage in urine 

7 27 

0 

+4 

Simptoms haio disappc ired No phage found in nrme 




Colonics remain smal! U~pc 


Patient ivas discharged sianptonilcss but still showing B coli She had no further 
trouble 

Case 9^ — Mrs L P H, aged siAti six C H September 21, 1928 Cholecjstectomy for 
cholelithiasis and choleci stitis, following a sudden attack of abdominal pam, fever, leucocytosis 
of 20,000, and endence of empyema of the gall bladder on Juli 23, 1928 This infection was 
of over two weeks' duration On Noi ember 7, 1928, fortvseien days after operation, 
the patient complained of frequenej and urethral irritation Piairia developed Urine cnl 
ture shoiied I-t i i B cob Alkalinization was begun 


Case 0 


DATE 

CELLS 

B COLI 

RE 3 I\PKS 

1928 

11 7 

•1444 

4444 

Alkalinization hegiin 

11 13 

4444 

4414 

3 cc filtrate in inn 

11 14 

0 

0 

20 hours after treatniciit 

11 15 

0 


3 c c filtrate in arm 

11 17 

0 

0 

3 c c filtrate in arm 

11 19 

0 

0 

No phago in urine 


The simptoms disappeaied the day after the first treatment, and the urine became sterile 
in twenty hours 

Case 10— Mrs A’ C AV , aged fiftj two C H May 16, 1929 The patient suddenly 
developed marked hematuria on Mai 15, 1020 without any ippaient cause She liad been m 
excellent health There was no history of a recent infection Phisical oxanunation was ncga 
tive The first morning urine sample was dark red There had been no pain on urination 
Blood pressure 160/85 Nonprotein nitrogen 42, urine concentration normal, albumin 4 +f, 
leucocytes and red cells 44 + No casts Alkalinization was begun A satisfactory bacte^ 
riopliage was developed in three days The urine became sterile in five davs, and free 0 
organic elements This patient had no subycctive simptoms There has been no recurrence 
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CvsE 10 


D\TF 

CELLS 

B COLI 

PEM \I KS 

1029 





. j 


Urine bloodi 

5 17 

-- 


TJnue beginning to cle ir ot blond Alknbnization begun 

5 IS 



Urine clear 

5 24 

- - 


Xo casts 

5 27 



— 

Bacteriopbagc adaptation begun 

5 30 




Xo easts 

5 31 



3 c c hltrato m arm 

6 1 




Small tape B coli Xo ph ige demonstrated in urine 

62 



3 c c filtrate in arm 

6 3 


- 


6-4 



3 c c filtrate in arm 

6 5 

0 

0 


6 6 



Discbarged Lrne clear 

6 10 

0 

0 


6 17 

0 

n 


6 25 

0 

0 


7 12 

0 



7 30 

0 

0 



Case 11 — Mrs T, aged fiftr fi%e C H Jannirr 13, 1930 The dav after Chnstmas 
the patient dcreloped an upper rcspiratorr infection She was in bed fi\e davs Had chills 
all this tune Fire davs later, on the tenth dai, she dti eloped unnarv freqnencv, imtation, 
and pain on micturition She had a similar attack six Tears previous following an attack of 

influenza The unne on January 13 showed ^ cells, nianv large clumps, and — — B coli 

Alkahnization begun 

Case 11 


D\TE 

CELLS 

B COLI 



PEM\PikS 















113 



U 









114 



3 

c c 

filtrate 

in 

arm, 10 

c c 

in 

bladder 

1 16 

- 

± 

3 

c c 

fil'rate 

jn 

arm 10 

c c 

in 

bladder 

IIS 

0 


3 

c c 

filtrate 

in 

arm, 10 

c c 

in 

bladder 

1 SO 

i 

-4. 

3 

c c 

filtrate 

in 

arm 10 

c c 

in 

bladder 

122 

0 

0 

3 

c c 

filtrate 

in 

arm, 10 

c c 

m 

bladder 

127 

0 

0 

3 

c c 

filtrate 

in 

arm, 10 

c c 

in 

bladder 

24 

0 

0 

3 

c c 

filtrate 

in 

arm, 10 

c c 

in 

bladder 

2 11 

0 

0 

3 

c c 

filtrate 

in 

arm, 10 

c c 

m 

bladder 

11 3 

0 

0 










A bacteriophage was adapted for the patient’s organism m twentv four hours bv feed- 
ing it three times a dav with the patient’s organism The nrinarv symptoms disappeared very 
qmchlr, and the nrine became sterile eight days after the first injection 


Case 12 — Mrs D, aged forty five C H February 27, 1930 
been having bladder irritation, frequency, and bnming mictnntion 


The patient had recently 
She was a robust, un 


Casi 12 


tICTE 

CELLS 

B COLI 


pe3I\pf:s 


1030 






3 6 

- 

_i__ 

Sec 

stock filtrate in arm 10 c c 

m bladder 

3 0 

- 

_L 

3 e c 

stock filtrate in arm, 10 c e 

in bladder 

3 in 

0 

— 

3 c c 

stock filtrate in arm 10 c c 

in bladder 
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usually lioaltln iiulividinl These SMuptoms -were preceded some da-\s previous hv a severe 
loucorrhea, tint developed on a long automobile trip, v\lncli made normal bladder cmptvmg im 
possible A eathetciizod specimen showed a few cells and -I -1+ 1 - B coli A suitable bactc 
noph ige was not dcvoloiied until the Slh dnv During tins time the urine became alhaline ou 
the usual treatment 

The patient’s svuiptoms were entirclj relieved bv the three treatments, and the excess of 
cells disappeared from the urine It was not possible to make further cultures There has 
been no recurrence to date At least a clinical cure was effected in this patient 

Case 13- — Mrs PBS, aged fiftj 0 TI Pobruirv 10, 1031 Two weeks ago the 
patient began to have smarting and frequent urination A sample of urine was said to have 
shown pus The bladder was irrigated twice This caused much pain The past three or 
four davs she has complained of general aching of the bodv, and a feeling of heat and chilli 
ness Gave no historv of fever 

General examination aside from the urin irv findings was negative A cathctcrizcd urine 
specimen showed 10 to lo colls jicr low jiowcr field, unccntrifiigcd urine, a slight excess of 
epithelial cells, no casts or icd cells She had been drinking large amounts of water Urine 
culture on this date showed B coli 44 Aik ilinization was begun 

A satisfactorv filtrate was developed from sewage base in ten davs It will be observed 
from the clinical record tint no change had bten effected during the first thirteen davs except 
that the complaints had been improved Two davs after the first bacteriophage treatment the 
urine became cell and bacteria fiee Iso recuireiicc to date 


CvSE 13 


DATE 

CELT S 

B COLI 

CLINICAL llNDlNGb 

1931 




2 10 

+ 

4+ 

Alkalinizntioii begun 

2 23 

+ 

444 

Symjitoms better 3 c c filtrate in arm, 10 c c in bladder 

2 25 

0 

0 

Sj mptoms disappeared 3 c c filtrate in arm, 10 c c in bladder 

0 

0 

0 

No sv mptoms 3 ce filtrate in arm, 10 c c in bladder 

3 c c filtr ite in arm, 10 c e in bladder 

3 4 

0 

0 

3 17 

0 

0 

Continues to be sviiiptom free Urine alkaline 

Disehaiged No iccurrence to date 


Case 14 — M G , aged three U H 207842 Tunc 23, 1931 Patient sent to Hospital 
because of a heart murmur, unconscious attacks associ itcd with clonic spasms, and pus m the 
urine on several occasions 

Examination Well uouiishcd girl Temperature 99° No pathologic findings Heart 
has been entireli negative Kahn negative Uruie showed 500 cells pier low power field 
Eyes and fundi negative Skull x rav negative 

Diagnosis Ei>ilcpsj, colon infection of genitourinarT tract This patient was not on a 
ketogenic diet 

Case 14 


DATE CELLS B COLI REACTION CLINICAL NOTES 


1931 

6 25 

44 


acid 

Alkaliiiizatioii begun 


7 2 

7 15 

-H- 

++ 

44+4 

444 

acid 

alk 

3 cc filtrate in arm, 7 

L c in bladder 

7 16 

7 17 

0 

0 

ncut 

TJnne clc'ir 

3 c e filtrate in arm, 7 

e c m bladder 

7 19 

0 

0 

ilk 

3 ec filtrate in aim, 7 

c c in bladder 

7 24 




Discharged Urine clear 
weeks 

Beturn in sis 



On^^LnXATIONS ON THE BACTERIOPHAOI III 
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C^SE 13— D ipcd nine LIT 273-.n October 2, in 51 Potient conic in iiitli n 

Instorr of ottoiks of feier bepinninp six woebs iRo, OLCOininnied b\ poinful micturition, 
smoll clots of blood in tlic urine, costoeertcbr-il poin on botli sides, espccnlU on tlie iiplit, 
loss of nciglit Olid lieodulies The diet Ind been rcstriitid os i rcinediol meisurc Tbe first 
ottoeklosted four or file dois Tlic ott leVs recurred nets tour or fieo does \.ftcr the first 
ottocktliei losted from one to three dies Tbe niotUer observed tint these diffcnd from the 
first ottoeb 111 tint eeitb the subsideneo of the ott lehs the urine bicome cloude, while during 
the ottochs it evos cleor Nhe Ins been confined to bed oil this tune 

Piivsicol ceoniinotioii Poorlv nourished cliilfl V snnll round sniootli firm niovoblc 
moss in the obdonun bcneotli the right lostol inorgin is ploinlv felt, proboblv a hidnee* *^he 
hos comploined of pom in this orco The lower pole of the left hidnce is "just polpoblc 
Otherwise exonnnotion is ncgitivc Teniperoture no** to lOiV, pulse SO to 103, respirotions 
20 to 25 

brine \eid troce of olbuniin, looded with leucoietes ond motile boctern, o few red cells, 
no casts Culture started Oitober 2 showed B coU ■' — i- Blood hemoglobin 33 per cent, 
red cells 2 300,000, white cells 8,430, nonprotciii nitrogen 31 Knlm negative 

Shndan x rav showed no evadence of organie change in gemtourmarr tract 
A satisfactorv bacteriophage filtrate was developed in ten davs The urine became 
sterile on the fifth dav after beginning treatment It should be observed that tins patient’s 
urine showed marhed improvement as indicated bv a marked decrease in the number of cells 
and bacteria under tlio influence of alkalinuation before tbe bacteriopliago filtrate injections 
were given It was not possible to keep the patient under observation longer Wlicn last 
heard from there had been no return of tbe svmptoms 

CtSE 13 


date cells b coli 


CLIMCVL PEeOPD 


1931 
10 2 
10 3 
10 7 
10 14 
10 13 
10 17 
10 22 
10 24 

10 20 
10 27 
10 28 
12 10 



Alkalmization begun 


Urine alhaline 

Sec filtrate in arm, 7 c c in bladder 
Morning sample 

p ai 3 c c filtrate in arm, 7 c c in bladder 
Urme continues to be alkaline 

Urine alkaline 3 c c filtrate m arm, 7 c c in bladder 
Discharged on sodium bicarbonate 
Patient has remained perfcctlv well 


One niav question whether the alkahnization alone or tlie baetenopliage was responsible 
Or the change Our experience leads ns to believe it was the bacteriophage 

Case 16 C , aged eight U H 278667 Xovember IS, 1931 Patient entered 
ontagious Hospital with a historv of malaise whitb bad been present for five davs A month 
le ore entrance he had had a diarrhea for a period of three weeks He recovered from this 
returned to school Three davs before admittance be complained of headache He drank 
rom a well of questionable water six weeks ago His appetite failed, and he had an attack 
-■ ggcstirc of a convulsion followed bv coma Xov ember 17 He vomited once and comnlained 
fain m the abdomen 

Temperature 104% pulse 132, respirations 25 Lencoevtes IG 700 
''PdhellT!cn per low power field a few red cells, an occasional ea=t, manv 

«>e nrmc i? "<^=*'^t,on on 

'omm ^ ^ colloidal gold, mastic and Kalin negative Blood 

negative Blood culture negative ^ 
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This patient made an iineientful reco\er\ His temperature, pulse, and respirations re 
turned to normal by Ivsis on the third dnv, and the motile bacilli disappeared from his urine 
inside of tiienty four hours, leading us to belieic the case to be one of acute pyelitis 

Bacteriology Tho bactcnologi of this case is of considerable interest The cathe 
termed specimen showed manv slowlv motile bacilli Tho sediment was crowded with them 
On staining tlici were all gram negative, characteristic of B coli The centrifuged sediment 
was IJ inches deep The folloning morning no bacilli could be demonstrated 

The uncentnfugod urine and the sediment nere cultured on plain broth, blood agar and 
Endos medium The media had all been freshly prepared the day before These preparations 
wore placed in the incubator in the eiming Tlic following morning there was no growth on 
the plates or in the broth They remained nogatne for five dais, at which time they were 
discarded 

After the aboie cultures were started, samples of the same urine and urine sediment were 
left at room temperature for tnclic hours We were uitcrestcd to find that no organisms 
could be demonstrated in either specimen Their previous presence had been checked bv three 
of us 

We then tested the htie power of the urine and sediment against four strains of B coh, 
mcludmg a mixed colon culture from the patient s stool These were planted on plain agar, 
dried, and carefully washed witli urine, leaving control areas around the edges of the Petri 
dish No growTh occurred after three dais No secondan colonics have since developed The 
control areas showed abundant growth 

November 24, 1931 Six dais after entrance the urme of Noi ember IS, 1931, which 
had been Kept in the refrigerator, was stdl clear No organisms could be demonstrated On 
November IS and 19 an actnc bacteriophage was demonstrated m this uruie 

Comnieiifs — It would seem that this experience demonstrates very beautifullj tho 
phenomenon, shown by Professor D’Horclle, of the appearance of a bacteriophage of high 
potency just before the termination of the infectious process The patient made a perfect 
recoveiT from this illness Had ivo been one day later in niaKing our obscnations a satisfne 
tory diagnosis of tlie case could not lia\e been made It suggests the advisabibty of perform 
ing urine lytio tests on suspected cases in which a negatue urine culture is obtained 

CasF 17— B M K, aged six U H 279952 December 10, 1931 The patient has 

complained of pam in the lower right abdomen for one week Nausea and vomiting, fever 
and drowsiness occurred on the second day Since this time, the pam has been irregular m 
its occurrence With each recurrence of pam she vomits No vomiting on day of admittance 
to Hospital There was slight abdominal pain, no urinary si mptoms Temperature 101 3 , 
pulse 120 Patient looked acutely ill, cheeks were flushed There was sbghtlv increased 
muscle tonicity right lower abdomen, and some tenderness on pressure No mass felt Bectil 
exammation negative Patient cried when rectum was pressed anteriorh m the midlme 
Otherwise examination entirely ncgatiic Leucocytes 16,000 Urine showed pus and many 
motile baoilb Culture done December 10, 1931 sliowed -H+f B coli It hen informed of the 
diagnosis, the mother told us she had had “pvclitis” before A stock bacteriophage fiUratt. 
was found to be very potent for the patient’s strain. The urme became sterile within fort'' 
eight hours after the first treatment, and lias remnmed so Alkalmization was begun on De 

cember 11, 1931 Abdominal pam and teiidcmcss disappeared on the second dav m the 

Hospital 

Casf 17 


DATE CELLS B COLI 


RESIARKS 


1931 
12 12 
12 17 
12 19 
12 21 


+++ 

4-H- 

0 

0 


Urine neutiak Stock bacteriophage developed potency in 5 days 
+V 4 + Urine alkalme 3 c c filtrate m arm, See in bladder 

0 Urme alkalme 3 c c filtrate m arm. Seem bladder 

0 Urme alkalme 3 c c filtrate in arm, See m bladder 


OBsnn\ vTioxs on the BACTLntorii \gl hi 


607 


After the first inieetion the tciniieraturc rcichcfi lOt" nnd tlie nrm was sore \.ffer the 
second injection the tenipernturo ms 102° The irni ivos more swollen nnd punful Vfter 
the third injection the temperature reached 104° in four hours The arm Mas not sore 

Bactenologri — One of our stock bactenopliage filtrates ms found to bo verv potent 
for this patient’s strain ot B coli It contained two plaques Tlie base for the small plaque 
bacteriophage was sewer water It had been developed to a high potencs against A B C B coli 
("Case 35) This was added to another stock bacteriophage secured from the urine of I H 
(Case 16) (an autophage), which was mule up of large plaques B'e were never able to 
demonstrate small plaiiues in this patient’s urine In this mixed bacteriophage filtrate the 
large plaque was verv active against the patient’s strain The small plaqui s had little or no 
activity (See notes on Case IS ) 

Case 18 — B P, aged seven U H December 16, 1031 Patient complained of pain 
in the “right hip’’ December 6 There had been fcicr, but no nausea, lomiting or chills, and 
no urinarv symptoms Temperature on das of admittance was normal, pulse normal, appetite 
tair The pam was located in the abdomen just aboie the right anterior superior spine 
There was no eostoyertebral pam or tenderness There was a slight hemoglobinemia The 
ordmari urine specimen showed pus and bacteria Otherwise the examination was negative 


B coll 
Case 17 



Fis 


1 


The same bacteriophage as that used in Case 17 was very potent for this patient’s B coin 
» he large plaque bacteriophage of this filtrate had no action whatsoeyer, the smaU plaque 
was very active This is a matter of interest in bacteriophage development and adaptation 
his mformation is secured in the following manner A Petri dish is divided mto three sec 
tions as shown m Pig 1 On the upper section B cob from Case 17 urme is seeded On the 
over section B cob from Case IS urine is seeded, each with a nine hour broth suspension of 
le respective strain After drying in the incubator for three quarters of an hour one or two 
rops of Case 17 bacteriophage filtrate is spread over the surface of the two areas avoiding 
con amination of one area with the other The plate is now returned to the meubator for nine 
ours, or for overnight At the end of this tune it is examined for bacteriophage plaques 
e upper section shows both large and small plaques — around the large plaque there is marked 
aiiness while the plaque itself remains clear Lvsis is going on actively about its penphery 
e sma plaque is clean cut and clear without any hazmess or lvsis extending beyond its 
shnwJ'" 1 moculated with the same bacteriophage filtrate 

hazmer numbers They show no 

«iat is sDers°'"r « bacteriophage 

seedM 1 , patient’s (Case 18) B eoln The left hand section of the Petn fch is 

Uis.cS\ll''efnrrN-’'l'‘'“'” '' bacteriophage filtrate is inocculated onto it 

as a control, hsis occurs 
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It imU l)e seen tliat m de^eloinng the filtnte against Case 17 B coli Ijotli tjpes of plaques 
can be demonstrated, but against the patient’s (Case 18) B cob onlj the small plaque is 
actne Against control B coli neither jalaquc is aetiie Bj carefulh feeding the filtrate i\e 
finalh enhanced the actiiitj of the small plaque so that it becanio acre nuniorous and aerj 
potent for Case 17 B coli, and the I irge plaque ecrj potent for Case 18 

Another obscnation of intcicst that shous the specificiti of the baeteriophago was sc 
cured bj talcing a loop of iiiiic hour broth suspension that n as Ij sed bj the largo plaque and 
not bi the small pi ique, and thoroughh mixing it with a loop of nine hour broth suspension 
that hsod bv the sin ill plaque and not bj the large, and seeding the niixtuic on agar m the 
usual manner The bactciiophage filtrate (composed of both plaques) was then spread over 
the seeding After nine hours’ ineub ition the plate was studded with large and small plaques 
each acting on its specific organism 


Case 18 


DATE 

CELLS 

11 COLI 


KFM \nKS 

1931 
12 17 

+ 

-H-H- 

Urine alkaline 

Aik ibniz ition begun 12 15 31 

12 18 
Iz 19 

+ 

■H-H- 

Slight costoxertebral tenderness 

Urine alkaline 3 e c filtrafo in irni, 14 c e in bladder 

12 21 

0 

+ 

Urine alkaline 

See filtrate in ai m, 14 c c in bladder 

12 22 
12 23 

0 

0 

Clinical sxiiiptoms improxing 

Urine alkaline 3 cc filtnte in arm, 14 c c in bl iddci 

12 25 

0 

+ 

Uiine alkaline 


1932 

1 1 

± 

+ 

Unne alkabiio 

2 c c filtrate in arm, See in bladder 

1 3 

0 

i 

Urine alkaline 

2 c c filtr ite in arm. Sec in bladder No growth on 

1 27 

0 

++4R 

agar 

Unne alkaline 

3 c c in arm. See in bladder U cri; Potent Phage 

1 29 

0 

0 

Urine alkaline 

3 19 

0 

0 

Urine alkaline 

3 c c filtrate in arm Seem bladder 

3 21 

0 

0 

Ui me alkaline 

See filtrate in arm 8 c c in bladder 


ACUTE RECURRIAG COLON BACILLUS INFECTIONS 


In this gioup (Table II) it mil be obseiaed that the bacteiiophage acts lu 
the same way as it does m the acute cases that occuiied for the first time so far 
as we weie able to oudge The steiih/ation of the mine was x eiv piompt uith 
the exception of the fomth case, which may have icquned nine daxs foi stcii 
lization In a subsequent attack in this patient occmimg sex'cn months later 
sterilization occmied piomptlj' as it did in the othei cases It leqiured onlx 
txvo days The bacteiiophage used at this time x\as xmix’ much moie potent 
than it XX as in the fiist attack In the column maiked “Retmn of bacilliuia’ 
xve, of couise, mean that so fai as wc knoxv there has been no letuin Most of 
these patients xvould haxm lepoited to us had then been a lecniience Case 4 
may be legaided as euied of the attacks If xve look upon the haeteiiophage 
simply as a means of steiilization, it has accomplished its mission when the 
urine becomes bacteiia free, paiticulaily if it lemains fiee foi any eonsidei able 
niimhei of days 


Case IS — Mrs J S, igcd fortx two C H Decembei 31, 1924 Three daxs ago t''® 
patient complained of burning knifeliKc pain on micturition This continued nnabatod She 
observed blood in tbe urine on the morning of December 31 There was no fever or chills 
There was a liistoix of two prexiouS attacks, the first scxeral icars befoic, and the second two 
jears before Urotropin tieatinent cleared up these attacks Thej were preceded bi an upper 
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T \ni E II 

VcuTF Becurring Infections 


NO 

\GE 


i 

WPROW 

M\TE DURV 
,TION BEFORE 

TTEATMENT 

AVITn B\C 

TEPIOPHAGE 

LRINF 

BEC\A[E 

STERILE 

AFTEP BE 

GINNING 

TREAT 

MENTIN 

NUiiBEr 
OF 1 
TREAT ! 

MENT^i 

URIN> 

PE 

MAINED 

STEPILE 

FOP AT 

LEAST 

PFTURN 

OF BVCIL 

LUPTA 

AFTER 

MFTIIOD OF 

\DMINISTP\ 

TION 

n \TF ot 
FNTP \NCE 

19 

42 

F 

3 days 

3 days 

3 

4 days 

No return 

Subcutaneous 

12 31 24 

20 

63 

F 

4j- weeks 

3 days 

3 

26 days 

No return 

Subcutancou 

2 19 25 

21 

9 

F 


2 days 

O 

14 days 

No return 

Subcut B 

3 17 30 

22 

62 ' 

F 

1 day 1 

9 days 

3 


7 months 

Subeutaneou' 

12 5 25 

OT 

62 

F 

1 day 

2 days 

2 

11 days 

No return 

Subcutaneou': 

6 19 25 


respiratory infection Xo knoira mfcetion preceded the last attach The urine on December 31 
shoived cells, some blood and B cob AlKaluiization was begun The patient responded 

promptly to treatment The urine became sterile in three day s There has been no recurrence 
to date (1932) 


Case 19 


DATE CELLS B COLI COLONIES UPINE 


PEM \RKS 


1925 

118 


aeid 


120 
121 
1 22 

123 

124 
1 2S 



0 

0 


T acid 

•1 alk 

alk 

0 alk 

0 alk 


R = large regular homogeneous white colonies 
S = small bluish gray translucent colonies 

3 c c filtrate in arm 

3 C.C filtrate in arm 'symptoms hare disappeared 
3 c c filtrate m arm 

No return of symptoms 


<=omplamed of m'ab hty tT ho d I C H On February 19, 1925 the patient 

toms began sensation on urination These symp 

obout eleVZ L! r frequently at night, and had to yofd 

ordmary 0117/ /he day There had been no kaiown recent infections An 

o^'tored The sSrrs 7 

t>on treatment ™proymg she was g.yen urotropiu for a time and then alkahuiza 

three days Z T - , symptoms promptly stopped, and the urine became sterile 7 

Sir-"' ■" 
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Cask 20 


DATE 

CELLS 

L COLI 

EEMARKS 


1925 





5 1 

+4-H- 

+ 

Alkaliiiization begun April 30 


0 0 

-H-H 


3 c c bacteriophage filtrate in arm 

Arm swelled, painful 

j 11 

++ 

+ 

3 c c bacteriophage filtrate in irm 

Reaction loss marked 

5 12 


0 



5 13 

++ 


3 c c bacteriophage filtrate in arm 


5 15 

+H 


Cells disintegrating, mostly granular 


5 29 

■H 

0 

Symptoms h’i\e alJ dasnppcaied Cells still ancroased 

6 7 


0 




Case 21 — M B, aged njjio U 11 236520 March 17 1030 Sent to Hospital without 
a history Patient complained of costoiertcbral pain and tenderness Had seieral attacks 
before Physical examination except for pain on pressure in the left abdomen and reddening 
of the urethral oiifiee was ncgatiie Temperature 103 8 ° Respiration 25 Leucocytes 7,500 
Duration of the condition could not be deterniined Tlie urine avas loaded with pus and bacilli 
Urine culture showed + 4 ++ B coli 

A satisfactory bacteriophage filtrate was dcieloped in eight dais Eecoicij was 
prompt Sterile urine was found on seien consecutive cultures Tlicrc has been no recurrence 


Case 21 


DATE 

CELLS 

B COLI 

CLINICAL RECORD 


1930 





3 18 

++44 

+4-r+ 

Alkalimzation begun 3 17 


3 20 

+H4 



3 25 

++++ 

44+4 



3 27 

44++ 

-H++ 

5 cc filtrate subcutaneously, 5 cc 

in bladder 

3 28 

0 

T 


3 29 

0 

0 



3 31 



5 cc filtiate subcut meously , 5 cc 

in bladder 

4 1 

0 

0 



42 

0 

0 



4 3 

0 

0 



4 5 

0 

0 



4 6 

0 

0 



4 10 

0 

0 

Discharged on ilkalinc treatment 



Case 22 — Mrs H M C, aged sixty two C H On November 11, 1925 the patient 
was taken ill with pain in the left hip This continued for two weeks, and was diagnosed by 
her home physician sciatica She occasionally had aching in tins region There were no 
other conditions that might bo related to the complaints at tins time 

December 5, 1925 On the morning of December 4 she awakened with “general dis 
tress ” The bladder was distended She passed an unusually large amount of urine This 
was followed bv a stmgmg sensation in the urethra In 1019 she had had an attack of pyairia 
with B coll positiye, diagnosed pyelitis At this time she had smiilar symptoms to those 


Case 22 


DATE 

CELLS 

E COLI 

REM \RKS 

1025 




12 5 

lilt 

4 + 

Alkalimzation begun 

12 11 



3 c c bacteriophage filtrate in irm 

12 12 




12 13 



3 c c filtrate in arm 

12 14 




12 15 



3 c c filtrate in arm 

12 20 

0 

0 

Symptoms disappeared after second injection 
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previoush described V c^tllOtonzcd urine specimen on Deeember o showed sc\ernl hundred 
leucocvtes per low poucr uncentnfuged field iinnv lirgo clumps Culture slioucd Ji coli 
Alkilinizntion wis begun 

The patient continued to be free from sxmptoms until Tune lb, 1020 VTiicn there was a 
recurrence of urimrv irritation she uas again alkalinired and given a second course of bacte 
riopbage injections The urine sterilization was quite prompt as shown in the record This 
patient has had three distinct attacks The reinfection after previous bacteriophage treat 
ment was promptlv overcome bv a second series of injections This illustrates that one course 
of bacteriophage treatiiient docs not build up effective phagoeidal antibodies 

C\SE 22 
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red Mitliout any known locmience aftei cliscluuge The lecoids of fuo of 
these, Cases 10 and 12, aie of paiticnlai inteiest One is of oiei two leais’ 
diiiation the othei of piobablv tlmty -leais They illnstiate yeiy well w'hat 
pci sist cnee in ticatmeiit and in coopeiation fiom the patient will accomphsh 
The'\ seem to pieclnde the idea of the long lesnlt of time, of alkahnization or 
of both being lesponsible foi the ciitnely satisfactory lesult 

Theie ai e 6 cases of infections reeuiinig aftci the hist senes of tieatmciits 
Cases 23 26 28, 30, 32, and 44, wdnch finalh 1 ceoyoi ed nndei the nifliience of 
the bacteiiophage These recnTieiices occniicd as eaily as sin dajs and as late 
as thice and a half months aftei the fiist oi second senes of injections Theie 
aie foni cases. Cases 25, 38, 43, and 46 wdneh lecoieied symptomatically, and 
which, as long as we weie able to follow them bacteiiologically, continued to 
show a bacillniia In all of these theie was a modification of the bacilluna or 
a deciease in the nnmbei of bacteria which may be attiibntable to the bacte 
iiophage Theie aie tliicc cases (Cases 24 36 and 411 in wdnch theie w^as no 
improyement in the baciUniia oi in the cluneal condition followniig the ad- 
ministiation of bacteiiophage An abiidged detailed lecoid of these eases 
follows 

Case 23 — ^^trs J O, ngccl fiftj two C H October G, 1923 TUo jntient com 
plamecl of n “fcelmg of pressure” and an occasioual sharp piercing pam in the ‘‘nock of tin. 
bladder ” There was no burning or unusual sensation on micturition These symptoms oo 
curred off and on for a long time An unecntnfugtd urine specimen showed 100 cells per low 
power field There had been no pierious infections She bad had similar syniptoms before 
At one time they weie associated witb feici and wliat was diagnosed enthema nodosum 

The phjsieal oaamination was negatne as far as its relation to unnan tract infection 
was concerned Theie was a moderate rcetocolo which was giiang no trouble The nieatns 
unnorius was smooth and not injected On October 12 a catbcttrircd specimen showed B coli, 
and an cnccss of leucocytes X ray caamination yyas suggestne of gall bladder disease 

Cathetenzed urine specimens on October 12, Noy ember 19, Pecember 12, 1923, and on 
January o, 1924 showed an c\ccss of leucocytes ynrying from a dcfiiute excess with clumps to 
five or six cells per low poy\ci field on January a Tlie patient was treated with santol oil for 
a time, with urotropin and yiith alkalinization On Alarch 3, May 22 and lune - urine samples 
yyore free from leucocytes in excess and the patient had been free from symptoms for a long 
time 

On June 19, 192o the patient again became conscious of some in mar) disturbance A 
catbetcrized specimen showed definite pus and man) motile bacilli Culture showed B coh 


Case 23 


DATE 

CELLS 

B COLI 

tJRI>E P H 

KEMARKS 

1925 

G 19 

++++ 

+ 

acid 

Resistant type, large convex mucoid colonies 

6 23 

6 24 


+ 

SOalk 

3 c c bacteriophage filtrate in arm 

Same type of colony 

6 25 


+ 

SOalk 

2 cc bacteriophage filtiate m arm 

6 26 


+ 

S2alk 

Some flat irregular colonies 

6 28 

6 29 


+ 

7 8 alk 

2 c c bacteriophage filtrate in arm 

Colonies all large, very irregular, moth eaten 

7 3 


+ 

8 Salk 

Only iTrge flTt ii regular moth eaten tjlJe or 

7 6 


-i- 

7 0 alk 

colonies remain 

Colonies same as 7 3 

7 9 


0 

7 6 alk 

11 da)s after last treatment 

7 14 

0 

0 

7 8 alk 

16 days after last treatment 
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Bnctonopingc frcnfmcnt wns Iiopim Tuiil 2% inai Hocords of tlio cell content of tlic urine 
nnfortnmtch wore not kipf Interest ms focused on the Incteriologi of the urine The 
psticnt s STinptoms cknred up md she ms inueli Iietter genernlU It nill he oliser^ed tint 
eleven doss nfter the Hst inicction of the Inctenoplnge filtrote the urine beenme sterile nnd 
pus Ind dis ippeircd nt loost hv the sivtcentli div The result of this series of trestments 
seemed highb successful There ms no rtinrrencc of sMiiptoms for six months 

On Tsnmrv 15, 1026 n recurrence of svniptoms after six months occurred Tlie progress 
IS recorded in the following table 

C\SE 21 


DATF 


rELT S B COLT 


PEMAPKS 


Alkabnization begun 
3 c.e bacteriophage filtrate in arm 
3 c c bacteriophage filtrate in arm 

^nnptoms improved 
Mild smiptoms 

3 ec bacteriophage filtrate in arm 

Cathcterized specimen 

3 c c bacteriophage filtrate in arm 

Cathcterized specimen 

3 c c bacteriophage filtrate in arm 

Cathcterized specimen 

Cathetcrizcd specimen Record lost 

Svmptoms Ii ive disappeared 

3 e,c bacteriophage filtrate in arm 

Cathcterized specimen 

3 c c Iiacteriophage filtrate in arm 

3 c c bacteriophage filtrate in arm 

Cathcterized specimen Svmptoms have disappeared 

3 c c bacteriophage filtrate in arm 

3 c c bacteriophage filtrate in arm 

Cathcterized specimen shows a modified atvpical organism 
3 c c bacteriophage filtrate Siomptom free 
Alkalinization continued Recurrence of svmptoms after 
3 months 

3 c c bactcriopliage filtrate m arm 
3 c c bacteriophage filtrate in arm 
Sec bacteriophage filtrate in arm 
Svmptoms have disappeared 


Cathcterized specimen 

Ordunrr specimen Svmptoms have not returned 


illii^t, This case illustrates verv well the persistence of B cob infections It also 

that ^ bacteriopinge treatment docs not impart immunitv, and 

It can„"rT*''^‘^ '’’■“"eht about after several recurrences of colon bacillnna 

Icon .e , *’"■ completch sterilized or whether there had 

^^'UbtemrauTf rn r' T"T that definite 

IhcrcMas J recurred as well as bacilluna, seems to indicate that 

'«o constant to ofl of colon bacilli was 

'"Ruiisuis attribute tbeir presence to the simple elimination or filtration of 

^'-.s gam'^z;: rr^mr ptsag^ 
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At fbe time of tlie first rccuironce of sjmptoins, Januarj, 192G, we had on hand an 
umisuall}- Mgorous poljialcnt bacteriophage Me ncre, lion o\ or, unable to increase its polonc) 
for the patient’s strain A nen river water sewage sample was taken In time ive were able 
to develop a bacteriophage that showed mini areas when tested against the patient’s stram 
on solid media iii dilutions as high as 1 10,000,000 Both alpha iiid beta plaques wore present 

It will bo obsened that a prolonged effort o\cr a period of ten months was unsuceessful 
in causing the organism to disappear from the urine Its numbers were at times reduecd and 
the patient’s sjmptoins disappeared After this prolonged effort one would be glad to ac 
cept the last two iiegatue cultuies (December 4, 1920 and March 22, 1927) as eiidence of 
the efficiency of the bacteriophage treatment This mai be questioned Howeicr, the patient 
remained fieo from sjmptoms for a long tunc 

The events in this case mav lend support to the opinion that the first course of treatment 
ivliieh apparently resulted successfully rendered further use of the bacteriophage useless he 
cause of the dcielopment of antibnctenophagc antibodies If the bodj had dc\ eloped anti 
bodies against the actiiiti of the bacteriophage, it maj be that these antibodies would he 
found in the patient’s blood serum We attempted to proie whether this was so We ran a 
senes of dilutions of the bacteriophage with the qiaticnt’s seiiim Even in the highest dilu 
tions where onh a trace of bacterioiihage w is present, the serum proicd to he innocuous In 
no instance did the bacteriophage show anj loss of potencj o\cr that diluted in a similar wav 
with broth or with normal human scrum Bordet and Ciuca* mixed rabbit serum and coliphage 
together and seeded the mixture with B coli The colon bacillus grew as luxuiiantlj as it did 
in plain broth This is not analogous to the inocul itioii of a case of B coli infictioii with 
bacteriophage 

An attempt was made on seicral occasions to demonstrate hictenophage in the patient’s 
urine Only at one time, following the first injection (1926) were wo able to do so In this 
instance largo numbers of plaques were found Their poteiicx we thought was e\cn higher 
than it was before injection 

Case 24 — Katherine H, aged three 11 H 242000 Koi ember 3, 1925 This was a 
marked case of nephrosis with a colon infection of the urmarj tract of long stinding which 
had resisted alkaline and forced fluid treatment The catheterized urine specimens on Noioiii 
her 5, 8, 12, 13, 15, and 17 contamed pus and large numbers of B coli After three sub 
cutaneous injections of 3 c c of bnctciiopliage filtrate which impcrfectlj lised the patients 
organism no beneficial effect was seemed Later on a second scries of tliiee injections was 
given The urine culture becumo negatne and remained so for sixteen dajs, after wliieh 
B cob agam appeared We were never able to clear up tins infection Subsequently the 


Case 25 


DATE 

CELLS 

B COLI 

REMARKS 

1926 




1 26 



Santo! oil 5 mm 1 1 d Forced fluids 

2 5 

0 


Catheterized speciiiien Negatue No s}inptoms 

4 5 



Sudden uncontrollable desire to urinate 

1927 




2 21 

0 

+ 


3 2 

0 

■f 

Alkalini/ation begun 

3 15 



3 c c bacteiiophage filtrate in arm 

3 17 

0 

+ 

3 c e bacteriophage filtrate in arm 

3 19 

0 

+ 

3 c e bacteriophage filtrate iii arm 

3 24 

0 

± 


3 31 

0 


Sjanptoms have disappeared 

4 14 

0 



4 16 

0 

4 


4 18 

0 

i 


4 20 

0 



5 2 

0 

+ 


5 25 

0 

+ 

— 


•Cited by D Herelte 
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patient died Vt nutopii there ^\as no niicroseopiL ciidcnce of imohcmcnt of the hidner 
pelvis 

C\SE 25— Mrs S, aged thirtv C 11 Taiimr^ 27, 102G The patient came in viith a 
historv of painful niicturitiou and frefiuenci of tno nechs’ duration, preceded an acute 
upper rcspiratorv infection Pliisical examination was ncgatiie aside from the discoicrv of 
a small smooth firm pcUic mass the size of a large nalnut, separated frcelv from the uterus 
and ovaiT There v\as a historx of a dermoid evst haxmg been removed tno veara previously 
A cathetenzed urine specimen shoned 100 to 120 cells per low power field, no casts, no blood, 
chemistrv normal, B coll — m., B tvpc, indicating an old infection 

Pmal Eeport The svmptoms quite promptlv disappeared They reappeared October, 
1929 We were unable to sterilize this patient’s genitourinarv tract with three injections of 
bacteriophage Cvstoscopic examination and pvclograms showed no malformations The 
organism encountered was the B txqie of B coli At no time did we discover a bacteriophage 
in this patient’s urine 

Case 26 — Mrs G W, aged forty eight C U July IS, 1920 The patient bad been 
having nausea, vomitmg, fever, and chiUmess for a week or ten davs, and showed slight but 
definite jaundice There was no characteristic tenderness in the gall bladder region The 
Evanptoms were suggestive of acute gall bladder disease There were no nrinarv symptoms 
The patient was verv ill Bv Julv 28 the patient was much better but still vomited every day, 
particularlv after the noon meal Pnttmg her on tluch, smooth food at this time improved 
this svmptom On August 11 the husband wrote that she had made rapid gams The nausea 
and vomiting had ceased entirclv She had been sitting up a little each dav, but had de- 
veloped a burning sensation on micturition On August 14 an attack of vomiting and fever 
of 103 6° occurred This cleared up in two davs 

September 7, 1926 The patient entered the Hospital She was too ill to undergo a 
omplete examination She had lost a great deal of weight, was weak and emotional, cried on 
the slightest provocation The general bed examination showed nothing else No tumor mass 
could be felt m the abdomen There was no tenderness m the gall bladder region and pelvic 
esanunation was negative 4 nnne sample showed no increased cells, the chemistrv was nega 
tive Later m the dav a cathetenzed specimen was taken for culture It contamed pus This 
was of interest m view of the fact that pus had not been found before Careful cheek showed 
that the first sample had not been contused with that of another patient She was put on 


Case 26 


KATE CEliS B COU 


FEitATKS 


1926 
9 7 
9 9 
9 13 
9 17 
9 19 
9 20 

9 27 
0 28 

10 4 
10 16 
10 17 
10 IS 
10 20 
U 1 
11 10 


1927 
1 12 
o oo 

310 


Sautol oil 5 minims after meals 

Bladder imgated with bone acid sol , 20 per cent argvrol instillation 
Alkalmization begun 

Bladder irngated with bone acid, 20 per cent argyrol mstiUation 

Bacteriophage onlv partially Ivtic for case stram B coli 

Bladder irngated and argvrol mstillatiou 

Bladder irngated and argrrol instillation 

Bladder imgated and argvrol instillation 

Patient continues to remain in bed 

See bacteriophage filtrate in arm 

3 c c bacteriophage filtrate in arm 

3 c c bacteriophage filtrate m arm 

B coll colonies greatlv reduced m number 

Patient up and about Walks down town easilv Gammg m strength 
Has gamed 14 pounds in weight Eetumed home on hervlresorcmol 
treatment 


Four months after last bacteriophage injection 
Patient is verv well and active Has gained IS pounds in weieht 
recurrence of sTmptoms ® 


No 
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Santol oil pending the deiclopmcnt of bncteriophngc Wc 11010 noier able to build n bictc 
rioplingc tint would coinpleteli hse this patient’s oiganism 111 the test tube Tliere iias 1 
deeieaso in the number of organisms folloiimg the bactcrioplnge injections, and the patient 
made veri rapid gains after this time, iihich iic think mai be attributed to the bacteriophage 
It should be noted, hoiicicr, that the urine did not become sterile until four months after be 
ginning treatment This mai be attributed to hcMlrcsorcinal There i\as a marked effect 
on the bacterial count ten dais after beginning bacteriophage treatment 

Follow Up Fccord — Jlai 2S, 1028 Patient i etui ns on request for further observations 
She continues to bo noil and has no urinari complaints A catheterized urine specimen, how 
ever, shoned pus and B coli of two tipcs, laige and tun colonics One of our stock bacte 
riophagc filtrates i\as potent for the patient’s oiganism Alkaliiiization i\as begun Because 
of this long continued infection i\c Mere interested to know if a bacteriophage nas living 
sjanbioticalli i\ith this patient s B cob We nerc unable to demonstrate one before begin 
niiig the flltiatc injections The follow ing obsenations were made 


Cask 2G 


DATE 

CELLS 

B COLI 

LARGE 

COLOMES 

TIM 

REMARKS 

1928 

5 28 

+ 

S 

4-f-H- 

R 

-H-H- 

Bacteriophage adaption begun 

6 22 

+ 

++++ 

+44+ 

3 c c filtrate in arm No bacteriophage found in 


+ 

+++ 

++44 

Urine 

One hour after treatment No bacteriophage 

6 24 


0 

+44+ 

found in urine 

3 c c filtrate in arm No bacteriophage found in 

6 20 


0 

0 

44 

4-1 

urine 

One hour after treatment No bacteriophage 
found in urine 

3 cc filtrate in aim 


0 

0 

44 

One hour after treatment No bacteriophage 

6 29 


0 

+ 

found in urine 

3 cc filtrate in aim No pliage in urine after 



0 

+ 

24 hours Abundant after 48 hours 

One hour after last treatment No phage in this 
sample of urine after 24 liours Abundant 
plaques after 30 hours 


These observations arc of interest in th it the scnsitnc strain or tipe of B coli in this 
patient’s urinan tract was easilj caused to disappear Tlie tim or resistant tjpe persisted 
although its numbers were definitclj reduced Tlici also show that the bacteriophage after 
being injected subciitaneouslj niav later appear in the urine In this case it required thirty 
to fort} eight hours before it could bo demonstrated The bacteriophage filtiate used in this 
patient i\as potent for several case strains of B cob in dilutions up to one to ten thousand 


Case 27 — Uorothi D, aged five U H 15"i2-17 October 11, 1926 The patient was 
admitted to the Hospital because of albuiniiiuria, casts, and pus 111 the urine In April, 19- a 
she developed a fever without an} other sjmptoiiis, which continued for two months There 
was consideiable loss of weight The fourth week of this illness casts and albumin 111 the 
urine were discovered These findings persisted Theic was no urinari fiequencv, no hcnia 
tuna, no edema, nocturia or incontinence Rccuriing attacks of dull pain in the left upper 
abdomen bare occurred since June, 1925 These somctinits last for twent} four hours Ao 
vomiting or fever Last attack occuired two weeks pieiious to entrance 

Physical esaniination Endenco of loss of weight, otherwise negative Blood henio 
globin 75 per cent, red cells 3,400,000, white cells 8,100 X ray of chest negative Upper 
respiratory infection pi eseiit “Cold ’’ 

November 23, 1926 Mothei reported a good weight increase, better color, ovccptional 
appetite Prior to treatment appetite was lerj poor 
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DATE 

CELLS 

B COLI 

KrMAPKS 

1926 

10 11 


FH- 


10 22 

10 23 

-M- 


Alkalinization begun 

3 c c filtrate in arm Marked reaction Temp 104° 

10 25 

+ 

0 

swelling, redness, pain in leg 

2 c c filtrate in arm Ecaction less marked 

10 27 

0 

0 

3 c c filtrate in arm ITnnc alkaline 

10 29 

0 

0 



Case 2S— Mrs M H ^gcd fiftv C H October 17, 1927 Several daas ago the 
patient began to complain of painful niicturition A eatbctcrized urine speeinion sbowed manv 
leueocvtcs, no casts, and on culture B coh Otlierwise tins patient is in evccllent bealtb 
Alkabnization was begun It is possible that sbe pre\ louslv bad a similar infection 

Case 2S 


D\TE 

CELLS 

B COLI 

PEM VPKS 

1927 




10 17 


X-IX-l. S 

‘Sensitive or Ivtic type of colony Alkalinization 

10 IS 




10 19 

-M 



10 20 

1_L 



10 21 



3 c c filtrate in arm (diluted filtrate) 

10 22 


0 


10 23 

-4 

0 

3 c c filtrate in arm 

10 25 

,1J-L 


Sec filtrate in arm 

10 27 


0 


111 

-J 

_ E 

Resistant type of colony bas developed 

113 


+ 

Sec filtrate in arm (undiluted filtrate) 

11 5 


+ 

Sec filtrate m arm (produced marked local reaction) 

11 7 



3 c c filtrate in arm 

119 

+H- 



11 14 

-U. 


Argvrol instillation into bladder (25%) 

11 29 

0 

0 

Symptoms have disappeared 


The change m the character of this patient’s urine after the first dose of bacteriophage 
was remarkable The symptoms were also improved There was a greater improvement in 
the bacteriology than m the ei'tologv The iiruie remained sterile for nme or ten days when 
it again became positive for B coli. An entirely difierent organism than the original one 
nas non present, a tvpical rough bordered coloni, the so called R type, the organisms of 
which wore self agglutinating On Xoi ember 29, thirty nine days after the first dose of bacte 
riopliage, thirti four dais after the last, a catheterized urme specimen was negative bacte 
riologicaUi and cvtologically The patient continued to be weU However, the clearing up of 
the urine was preceded fifteen dais bv an instillation of argi-rol, at which tune a culture test 
was not run In February, 1928, after a snnptomless period of four months, there was a re 
cnrrcnce of the former sTmptoms 


C\SE 28 


D\TE 

CELLS 

B COLI 

REilAPKS 

' 

1928 





2 28 

-T 


Alkalinization be^n 


3 11 

3 13 

3 14 

0 

0 

Sec bacteriophage filtrate m arm 

3 cc bacteriophage filtrate in arm 


3 16 

3 17 

0 

0 

3 cc bacteriophage filtrate in arm 

Arm sore, swollen, chilliness acliing 
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Tho response to bacteriophage again aias rapid It is instructue to follon the course of 
tins case still further On September 17, 1928 the patient complained of urethral irntation 
Examination revealed a slighth irritated urethral caruncle, i\hich responded to cauterization 
nith silier nitrate In iSToi ember irritation again developed ivith excess of leucocytes and red 
blood cells in the urine A catheterized specimen uas negatiie for cells Thej ivere conimg 
from the meatus This situation improxed on a second cauterization On November 21 irri 
tation and increased colls occurred again A cathetonzed specimen uas negative for cells 
The caruncle ivas remoied bj electrocoagulation On December 7, IJ, January 9 and 29, 1920, 
urine samples remained cytologically nogatue On April 30, and May 27 specimens ivere 
negatiie On June 3 and 22 ++ cells ucrc present, July 2D negative, December 3 negative, 
January 7, 1930 cells -m-, B coli negative, January 11 B cob negative On April 25, 1931 
small polvpoid growths in the urethra, slightly irritated, were found, but none of the symp 
toms associated with tho former bacilluna were present 

This case is cited at length to show th it it is waso to differentiate the causes of urinary 
symptoms and findings in cases that have been treated with bacteriophage One might easily 
in this case have made up his mind that after all the bacteriophage accomplished bttle — if he 
trusted the ordmary urinary findings and tho symptom of urethral irritation Inspection and 
catheterization are necessarv 

Case 29 — Irene E , aged eight U H 1973S4 July S, 1928 Patient brought to Hos 
pital for tonsil and adenoid removal Three years ago appetite became poor On several oc 
casions she vomited after heavx meals Eiding on street cars nauseated her Aside from 
septic tonsils and evidence of mental retardation tho examination was negative Kahn nega 
tive Bed wetting began about three years ago 

September 12, 1928 Night sweats for past two weeks, at winch tune she began to have 
chills, foUowed by lassitude and loss of weight Nausea followed the chills Complained of 
pain in right chest when she breathed, afternoon fever, and drenching sweats Examination 
revealed tenderness in tho right lower quadrant of the abdomen with muscle spasm, shglit 
general adenopathv, decreased breath sounds, right axillary lino near nipple level Tuberculin 
negative X rav of lungs showed an increase in the hilum shadows not typical of tuberculosis 
Blood pressure 110/90 

Blood chemistry chlorides 474, serum protein 7 6, albumm 4 8, globulm 2 8, cholesterol 
0 208, phenolsulphonephthalem negative, nonprotein nitrogen normal 

October 7, 1928 Urme showed cells ++++, B cob ++++ Three stams for tubercle baoilh 
negative Pig inoculated (result was negative) B cob positive Condensed record follows 

Case 29 


DATE CELLS B COLI 


CLJMCAL XOTES 


1928 



10 

7 

++++ 

4 + 4 + 

10 

8 

111 * 

'1 1 1 1 

4 + 4 + 

10 

10 



10 

11 

4 +++ 


10 

13 

++++ 

4 + 4 + 

10 

20 

+4-H- 

444 + 

10 

24 

++4+ 

444 + 

10 

31 

44 ++ 

444 + 

11 

8 

++++ 

444 + 

11 

10 



12 

11 

4 + 4 + 

444 + 

12 

12 

0 

+ 

12 

13 



12 

14 

0 

0 

12 

15 



12 

16 

0 

0 

12 

17 

0 

0 

12 

18 

0 

0 


AJkalmization begun 
Phage development begun 
Temp 102° Eestless, eyes puffy 


Urotropin and sodium acid phos Alkali begun again Nov 1(, 
3 c c filtrate in arm, 3 c c in bladder Very active phage 
20 hours after treatment 
3 c c filtrate in arm, 5 c c in bladder 
No phage could be recovered from urine 
3 c c filtrate in arm, 5 c c in bladder 
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Bacftnoior/v— Three tinn<! thic patient went through the ordimrv process of -ilkah 
mzation preparatorv to liactonophagc treatment anti for <=oinc nncxplainablc reason the fil 
trate was not gi\on This alKalinization had no olTcct in Ics'Cning the number of B coli 
or in changing their coloni characteristics Scicril methods of treatment were tried wath 
out benefit The bacteriophage filtrate was potent six wtek« before it was used for treat 
ment During this time its titer of potenev was con^tantlv raised bv succcssuo feedings 
It became highlv poliialcnt and was used as a base for other cases Its action after sub 
cutaneous injection and instillation was acr\ energetic It caused the pus to disappear 
from the unne in twenti hours after the fir-t injection and the number of organisms to 
change from to - Twents four hours after the second injection the unne was stenle 
and remained so 

Case 30 — Andrew W , aged eleven 17 H 19S774 Julv 24, 192S Patient came to 
the Hospital because of a sore mouth On Iul\ 21 the patient had a chill, and on the fol 
lowing dav had chills, fcier delinum, and malaise These svmptoms continued for three 
days He complained, of his teeth mouth, and tongue being sore The mother described 
sores on the tongue and huccal mucous membranes He also told that one week prevaons 
a cousin with whom the patient had been plaving had the same mouth infection 

On entrance small white patches were found on the upper left tonsil an ulcerated spot 
on the huccal mucous membrane, and several small ulcerated patches on the gum margins 
There was a marked left cervacal adenitis Aside from this and the general appearance of 
lUne's the exanunation was negative X rav of the chest was negative Temperature 102° 
August 9, 192S Smears from the ulcerated surface were negative Bepeated unne 
examinations were negative Patient discharged Diagnosis ulccrativ e stomatitis 

August 29, 192S Readmitted There had been an attack of fever nausea and deli 
num in Xoi ember lasting four davs Two similar attacks bad occurred siDce that tune 
Patient was fairlv well between these attacks Dnnng the last six weeks there had been 
puffiness of the ejes There had been nnnarr freqnencv and burning at times On August 
2S, 1028 there was right costovertebral angle pain, fever and dplinnm Patient was poorlr 


rPESE nXDINGS CUNICAE NOTTS 


Bacteriophage development hegnn 


Control for treatment not satisfactorv Moderately potent phage 
developed 

3 c c filtrate snbeu Severe general and local reaction Temp 103-° 

3 c c filtrate subcu Severe general and local reaction 

3 c c filtrate subcu Severe general and local reaction 


3 c c filtrate subcu Severe general and local reaction 


Cvstoscopic Left pvelogram Xo pelvis retention 
Bight pvelogram Sbght dilatation of ureter Patient has bafl 
alKalinization treatment aU this time ^ 
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Case 30 (Cont'd) 


UATF 

CELLS 

H COLI 

UKI^F ^^\DI^GS — CLINICAL ^O^LS 

1929 

8 29 

1930 

3 10 

3 12 

3 15 

3 30 



Discharged on sodium bic iiboii itc for fourteen d ns xxitli four dhv 
iiitcrx ils wathout carbon ito 

Kcadmittcd Bepeatod febrile itt icks since diseh irgc 
Tonsillcctomj and adcnoidcetomj 

Discliarged fiom Otologx Scrxicc 

Hcadmittcd Iligli fetor p ist fitc dits Urnie pus No cists No alh 

4 10 

+ 

+++t 

A'ftu ]iha[ie Verti potent for piesciit clinic il sfr iiii Filtrate has 
been uiidii const int dctclopmcnt since last treatment Alkihs 
hate been giton contiiiuouslj 

4 29 

++ 

++++ 

3 c c filtrate subcut nieouslt , 5 c e m bladdci 

4 30 

+ 

+ 

Marked local lud gciier il reaction 

5 1 


+ 

hlissed tre itment 

O 1 

++ 

4++ 

3 c c filtrate m inn, 5 c c in bl uldcr Bcaction marked 

5 6 

++ 

-4+ 


") 7 

+ 

+ 

0 e c filtrate in inn, Ice in bl iddcr Bcaction none 

5 8 

0 

0 

3 cc filtrate m iini, 5 cc in b! idder Reaction marked 

5 9 

0 

0 


5 10 

0 

0 


5 11 

0 

0 


5 12 

0 

0 


5 16 

0 

0 


5 19 

0 

0 


5 21 

5 22 

0 

0 

3 cc filtiato in arm, 5 c c in bladdei Reaction marked 

5 23 

0 

0 


5 24 

1 25 

0 

0 

Discliarged on alkilme tieatmcnt 

7 29 
1931 

0 


Returns for check Urine not sent for ciiltuie Returned home 

2 11 

0 


Returns Soicral attacks of gi idii illt incroismg nertous luamfesta 
tions Vert nntable Pam m nglit leg and costot crtcbi il 
angle for 2 3 weeks Uiine not sent for culture 


nouri-ihcd, loolted clironicalh ill Tlitrc l^'l^ puflinoss of tlio e^os and tondcrncs'! in the 
Tight flanlv Tonsils Mere septic Kahn ncgntirc 

August SO, 1928 Uiine showed pus and B coli m -*- 

This case illustrates the necessity of securing an unqucstionablj potent bnetenophagi- 
for treatment Prom August 30, 1928 to April 29, 1930, a period of twenty two months, no 
change in the number oi urulonce of B coli was obseriod after twonti cultures, excepting 
following the first senes of battenophage treatments ivith a filtrate we reeogmred ns un 
satisfactori Two daxs after the third injection the ciiltuio changed from ++++ to ± and 
the colls from -h-H- to 0 The original picture howexcr, was again established in two weeks 

Case 31 


DATE CELLS B COI I REMARKS 


1929 

9 18 

++ 

444 + 

3 

c c 

filtrate 

m 

aim 

9 19 

9 20 

++++ 

44 + 

444 + 

444 + 

3 

c c 

filtiato 

3)1 

arm 

9 22 

44 + 

4 + 

3 

c c 

filtrate 

in 

arm 

9 24 

0 

0 

3 

c c 

filtrate 

in 

arm^ 

9 26 

0 

0 

3 

c c 

filtrate 

in 

arm 

9 28 

0 

0 

3 

c c 

filtrate 

in 

arm 

10 6 

0 


Discharged 




•Through a misunderstanding patient stopped soda when bacteriophage treatments 
w ere begun Resumed 
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The cntirclv satisfnctorx b^ctenoph^gc filtntc gncn Vpnl 20 nncl 1, 1010, brought 

about prompt <;tcrih 7 ation of the urine The urine ronninod ^tcrilc on ten =ucce-M\c cul 
ture^ o\er a penovi of '^ivtccu after wbicb tUc patient iias dischargccl 

Case 31— Mrs B aged ” C H September IS, 102S '^ent to Hospital for bacte 
riophagc treatment for p\uria and bacilluri i uliicli lia® resisted other form- of treatment 
for mam months ^hc has been tahing soda for scicral dais preparatom to treatment 
The unne is alkaline There is a shght eacess of cilB She is now feeling better because 
of the soda A satisfactora phage Mas found among our stock filtrates Becoiem Mas 
prompt Mithout lonirrcnce 

Case 32 —Mrs J D agid sixti C H Noi ember 30, 102S P iticiit has been under 
treatment for pvuria for mam months It is not possible to determine the exact duration 
of the infection Protropin hexx Iresorcinal and infusion of bucu treatments haxc been 
emplovcd The pxuna has partiallx cleared up but the bacilluria continues She is con 
scious at times of urinan irritation and occasionalh of iinnarx frcquencx There has been 
a bad odor to the urine for a long time 

This patient came under our obscriation because of bronchial asthma ivhich M'as 
found to be on a multiple sensiti7ation basts Onh the record of her uianarx infection is 
recorded Aside from the 'light but definite incapacitx of ago incident on these two condi 
tions the phx steal examination has no bearing on the unnarx infection The unne con 
tamed pus and manv bactena The first catheten/ed specimen was taken Xox ember 26, 

192S It showed cells and 1- B cob On Endos media the colonies were 2 min in 

diameter and were charactonstic of B coli The organism reacted to dextrose, lactose, 
saccharose and on dulcitc for B coh conimunior charactcnsticalh 

Bacteriophage adaptation was xerx difficult in this case On constant planting from 
Koi ember 27, 1U2S until Julv, 1920 onh a bactenophage of weak potencx Mas developed 
This was given Mith the hope that it might be enhanced in the patient * A perusal of the 
treatment record will show that nothing was accomplished in a penod of ten months es 
cepting in the coll content of the urine and statements from the patient that she vvas bet 
ter In fact, she was more encouraged than we were 

In September, 1929 we obtained the first bacteriophage that seemed satisfactorv It 
was verr potent for the patient’s organism There was a prompt eleanng of the patient’s 
nnne The cathetenzed specimen showed no excess of cells two davs after the first suo 
Cutaneous injection After the third injection bactena in the direct drop were negative, 
and the culture dropped from to J- From this time on the cell content was normal 
but the organisms were slow m disappeanng The unne finallv became sterile and the 
patient has remained svmptom free until the last report on Januarv 4, 1932 

The patient was treated for ox or one wear before anv remarkable change occurred m 
the bacdluria Consequent on the seeunng of a potent bactenophage marked improve 
ment began Alkalinization was kept up almost constantlv The detailed treatment rec 
ord follows 


Case 32 


DATE 


L P * CXT4TURE riLTP ATE 


1928 

11 27 

12 5 

12 7 
12 9 
12 12 

1929 
13 
1 S 
112 


CELLS BACT B COLI 


+J- 

+ 


SQ 

3 c c 

See 
3 c c 
3 c c 


3 c c 
3 c c 


BLAI 


Eovx pow er 


PEAIABKS 

Marked unne odor Alkalmization begun 
Stock phage Xo effect on patient’s B cob 
Special filtrate building 


•Cow 1C D XI Obserxatlons on the Bactenophage Ann Clin Xled 


1 73 1026 
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Case 32 (Cont’d) 


DATE 


BB 

GUI TIjRE 

FIITr^TF 

1929 

CELLS 

BACT 

B COLI 

S Q BEAD 

3 30 

+ 

444 


4 10 

•H++ 


4444 


4 28 

-H++ 


4444 


o G 

4 

444 



5 22 

4444 

4444 

4+44 


6 12 

4+44 

4+44 

+4-H- 


6 20 



-rt-rt 

3 c e 

6 22 

"h* 

0 

4444 

3 c e 

6 24 

+ 


4444 

3 c c 

T 10 

44 


4444 

3 c c 

7 12 

444 


-H44 

3 c e 

7 14 

0 

0 

44 

3 c c 

7 15 

0 

0 

0 


7 24 

44 

44-v 

4444 

3 c e 

7 26 

444 

-i44 

4+-M- 

3 e c 

7 29 

4 

-H4 

44-M- 

3 c e 

9 5 

44 

444 

4444 

3 c c 


9 7 

0 

44 

+-H-r 

3 

c c 



9 9 

0 


+44+ 

3 

c c 



9 10 

0 

0 

4 





9 11 



+ 

3 

c c 



10 8 

0 


444+ 

3 

c c 



10 10 

0 


444 

3 

c c 



10 12 



4 

3 

c c 



10 14 

0 


+4+ 

3 

c c 



10 19 

0 


+4J- 

3 

e c 



10 2o 

4 


444 

3 

c c 



11 1 

0 


+444 

3 

c c 



11 8 

0 


»4++ 

3 

c c 



11 13 

0 


444 

3 

e c 



11 27 

0 


4444 

3 

c c 



12 6 

0 

0 

4 





12 20 

0 

0 


3 

c c 



1930 








1 3 

0 

0 

44 

3 

c c 



1 14 

0 

0 

0 

3 

c c 

10 

c c 

1 21 

0 

0 

0 

3 

c c 

10 

c c 

128 

0 


+ 

3 

c c 

10 

c c 

2 5 

0 


0 





4 23 

0 

0 

4 





4 30 

0 

0 

0 

3 

c c 

10 

c c 

5 7 

0 

0 

+ 





5 14 

0 

0 

0 

3 

c c 

10 

c c 

6 4 

0 

0 

0 





12 4 

0 

0 

0 






TEIIARKS 


j\tore cells and bacteria than seen before 

First injection second series Bacterioph igo 
still -neak 


Weak phage used third series 


Beak phage fomth scries 

Fifth series filtrate len potent First obtained 
potent for patient’s orginism Constant de 
iclopnieut BincG Nov 27, 1928 

Urine odor has disappeared 

24 honis after third injection 

Cth senes Filtrate being enhanced bj feeding 
every daj 


Ti\o colonics B coli 


An entiielj different organism 

No further symptoms Eeeent urine sample 
shows no excess leucocites 


•Low pow er 

CxsE 33 —Mary J N, aged seieii C H April 26, 1929 The patient has complained 
of bed w etting and urinary frequency spells lasting for tw o ■weeks at a time wath remis 
sions for variable periods This situation has been going on for manj months Pus m 
the unno has been reported There has been no fev er The patient is extremely non ous 
and excitable during the bed ■wotting periods and has frequent nose bleeds The remissions 
may be as long as six months, during ■which time her imtabilitj disappears The attacks 
begm with suddenly developing uncontrollable urination and urinaiv f requeue} If uf these 
times she endeavors to hold her unno it causes great discomfort There seems to be no 
background for the urinarv infection She is a robust youngster and has had none of t e 
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contagious diseases and uo upper rospiraton infection-; A oathetcri/cd unno «;pecimcn 
sliowed a great caco^s of Icucoc'te^ and B coli Ukahniration begun 


C\SE 33 


DATE CEI LS n COLI 


1929 

4 26 
a 17 
■. 2S 

5 29 
1 30 

5 31 

6 1 
6 2 
6 10 
6 13 
6 15 
C21 


flEil IPKS 

Alkaliiiization begun 

3 c c filtrate in arm 

3 c c filtrate m arm 

3 cc filtrate in arm 

Cathetenzed urine specimen 
Catlietenzed urine specimen 



IVe bad great difficultT in treating tbis child "We bad to discontinue the in3ection3 
because of poor cooperation The injections ire gaa c were forced There was noticeable 
improvement in the bacterial count She nas put on urotropin treatment for two weeks, 
then back on alkabnization On September 9, 1929 the mother nrote that the child had 
had one of the severest attacks she had cicr mtncsied Advised rctnm once a week for 
hactenophage treatment The record follows 


Case 33 


PATE 

CELLS 

B COLI 

PEMAPKS 


1929 





9 16 



Alkabnization continued 


9 28 

UL 




10 7 

+ 




1012 

0 

- 



1930 





13 



3 c c filtrate in arm 10 c c 

m bladder 

1-4 


0 



1 11 

- 


3 c c filtrate in arm 10 c c 

in bladder 

118 

+ 


3 c c filtrate m arm, 10 c c 

in bladder 

1 25 

0 


3 c c filtrate m arm, 10 c c 

m bladder 

2 15 

0 

J-L 

Gave three doses to be given at home 

44 

0 

0 




It will be seen that the bacterial count has continued to be decreased The day fol 
lowing the first combined treatment the unne became sterile Because of the difficultv in 
securing the child's cooperation catheterization had to be abandoned On Bebmarv 15, 
1930 we succeeded in securing a specimen It showed — B coli Three doses of bacte 
nophage were given to be administered at home On April 4, 1930 the unne was sterile 
and the patient had been free from svmptoms since Januarv Even though there was little 
icipiov emont noted following the first senes of subcutaneous injections the parents, un 
nsuallv intelligent people, sav she was alwavs improved in a general wav This was more 
marked following the second series She was verv much less irritable 

C\SE 34— Caroline P, aged twenty C H The patient has been under observation 
smcc 1914 j when she was five voars old 4.t this time she gave a historv of febrile attacks 
of scien to ten davs’ duration, coming on periodicallv smee early infancy The fever 
ranged between 101' and 10"° The attacks stopped spontaneonslv and recurred at inter 
' aU of three to sci cn months One attack was accompanied bv severe chills and cvanosis 
t:miination reicalcd an enlarged left kidnev pvuna with large numbers of mononuclear 
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cells (Ij mpliocvtcs) In tlic ab«cncc of tubciclo bncilli this finding led to the diagnosis of 
tuberculosis of the hidncj, uliicli uas pro\ed a jear or two later b> finding tubercle bacilli 
and bj nephrectomj She was studied again in albuniinuna was found There was 

no incicase in colls Guinea pig inoculation was negative for tuberculosis In 1920 and 
1927 albuniinuiia was + and ++ with onlv slight cnccss of cells In 1929 albuminuria was 
still present and nianj B coli There were no svniptonis referable to the iinnarv tract An 
entiielv satisfactory bacteriophage was not obtained after a long effort AVc decided to 
try it and continued to enhance its virulence The urine finally became sterile two dav^ 
after we secured an entirely satiafactorv filtrate The patient had a very severe reaction 
following the injection on Tanuary 22 


Case 34 


DATE 

CELLS 

R COLI 

REMARKS 





1929 








G 0 

44- 

++++ 

Alkaliinzation begun First senes 





7 23 



3 c c bactcrioph ige subcutaneously 





7 25 

0 

++++ 

Sec bacteriophage subcutaneously 





7 27 



3 cc b ictciiophagc subcutancoush 





7 20 


++4-V 

No improvement in bacilliiiia 





9 17 

0 


3 c c b icteriophagc subcutaneouslv 

Second 

senes 

9 19 



3 c c bacteriophage subcutaneously 





9 21 



3 c c bacteriophage subcutaneously 





9 23 

0 


No improvement in baeilluna 





1030 








1 17 

0 

■V+4+ 






118 

0 


3 c c b letenophage subcutaneouslv , 

10 

c c 

in 

bladder 




Thud senes 





1 20 

0 

0 

3 c c bacteriophage subcutaneouslv. 

10 

c c 

111 

bladder 

1 22 

0 

0 

3 (C b ictcriophagc subciil iiicously. 

10 

C c 

in 

bladder 

4 9 

0 

0 

3 cc I) letenophage subcufaneoush, 

10 

c c 

in 

bladder 


Case SI — A B C, aged fifty C IT Tune 6, 1029 P itieiit came in with a history of 
pyaina dating from an attack of tvphoid fever in 1805 (thirty four years ago) which was 
complicated by a severe cystitis Pus has not completely disappeared fiom the urine since 
this time In 1800 kidney stones wore removed The operation was not entirely success 
ful and a second operation was done in 1898 The pv urin has been more marked since tins 
time If the patient is careful to drink largo quantities of water he gets along very well, 
but the bad odor continues and is noticeable at all times in Ins bathrooiii He has no other 
complaints He looks well and feels well He is anxious to have the urinary infection 
cleared up, particularly the bad odor 

Since his operations he has been up at night two or three times to unnatc About 
once a year he has a digestive upset winch is char ictorized by nausea, vomiting, and high 
fever This sends him to bed for a week There are no urinary symptoms at these times 
However, if he does not persist in drinlung comparatively large amounts of water there 
will be irritation in the bladder and bad odor to the urine Colon bacilli were found m the 
urine by a competent observer in 1800 The last tune thev were looked for, eight or ten 
V ears ago, they w ere still present 

Past Treatment In addition to a large water intake, urotropin has been taken mor,, 
or less svstomatically for many v ears It finally had to be discontinued because it irn 
tated the stomach ” 

Physical Examination Patient was well nourished and well muscled The tonsils 
weio in, no history of infection Teeth were negative Joints wore negative The lungs 
and heart wore negative Blood pressure 118/00 Abdomen negative Appendix scar 
1927 Genitals and prostate negativ c Slight pruntis am 

Unno Turbid yellow, acid, 1 020, odor of infection No albumin No sugar The 
sediment showed many motile bacilli Several samples gave the same findings The gravity 
varied from 1 009 to 1 010 on the Mosenthal test The night output was slightly greater 
than the day 
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Bactonolopv A cntlictenrotl 'specimen "shovred four (li‘;tinct strains or tapes of B coli 
Colonies cle\ eloped on Undos plates ns follows 

N’o 1 Largo luxuriant tint colonics 2 iiini in diaincter with red metallic scum, \isiblc 

in twenta four hours 

Mo 2 itcdium sized colonics 1 mm in diameter with red metallic scum in taventy 
four hours 

Mo 3 Small colonics with mucous surface Mo metallic scum in taventv four hours 
AIucous surface and red metallic scum in forta eight hours 

Mo 4 Tina colonies shoaving faint scum avith hand lens in scaenta tavo hours 
Tina colonies showing avliitc in nine six hours 
Tinv colonies shoacing pink in one hundred taaenta hours 
Tina colonies showing red metallic luster in one hundred forta four hours 
IVhcn subcultured on Endos medium thc«c colona tvpcs alaxavs deaelop in the same 
manner Transplants of Txpe 1 remained the same for oaer seven davs After four 
months transplants behaved in the same manner Tapes 2 and 3 showed no change with 
the same technic Ta-pe 4 after alternatcla transplanting in broth and on hard media 
showed no change in its colonv characteristics One specimen on continuous incubation 
wathout opening the Petn dish for five davs showed two tvpical large Tvpe 1 colonics The 
following morning the sixth daa two more Tape 1 colonies had dea eloped These large 
colonies possessed all the characteristics of Tvpe 1 When transplanted, thev developed in 
twcntvfour hours and showed a red metallic scum We have never been able to produce 
small or tinv colonics from Ta pc 1 colona These colona tvpes alwaa s run true to form 
On three occasions we have transplanted tinv, Tvpe 4 colonies into broth for twentv 
four hours, then back onto Endos plates, resulting in nearla a pure culture of Tvpe 1 which 
covered the plates On one occasion it was five davs before large colonies appeared, on 
two occasions it was throe davs before large colonies appeared on Endos 

On blood agar all colonv ta pcs become distinct white colonies in twentv four hours 
Tape 4 is barela visible to the naked eve (0 5 mm ) It attains its normal size, 1 ram , in 
diameter, onlv after fortv eight hours 

In broth a faint haze is produced with Tapies 1, 2 and 3 in twentv four hours It is 
difficult to cam Tvpe 4 through a broth transplant without change in form even though 
the transplants arc made ea erv nine hours Thus it will be seen that this tvpe which is 
the most difficult to inadicate from the patient’s unnarv tract readilv develops into 
Tape 1 under proper cultural conditions 

Action on Sugars Tvpes 1, 2, 3 and 4 ferment dextrose and lactose Thev do not 
ferment saccharose 

Deieloping ihe Bacteriophage — Sewage base was inoculated with the patient’s organ 
isms on June C, 1929 Feedings and filtrations were done evera 12 hours for 35 davs 
before anv favorable la sis was produced, and then onlv on Tvpes 1, 2 and 3 (lulv 11 19291 
Feedings and filtrations were continued until September 4 before a phage was obtained that 
Was actia e for Tape 4 As wall be seen from the treatment chart it was not difficult to de 
'clop a bacteriophage for the first three tvpes with the exception of our first effort It has 
been more difficult to secure a filtrate la tic for Tape 4 Mone of our stock filtrates were 

effectiac 

Treatment of case icit/i phage filtrate — As preaaouslv pointed out, bringing the Pn of 
the patient’s unne to the neutral or shghtlv alkaline point is an essential feature in the 
treatment of colon infections of the unnarv tract with Cob phage We were fortunate in 
aaing a patient who could give us perfect cooperation It has been necessarv to omit 
reatnients for long periods of time on several occasions This has given ns opportumtv to 
'"ahsligato the perniancncv of bacteriophage sterilization 

Stibciitancoi’t Injection— As a m itter of interest a dose of filtrate was given sub 
cu ancousU June 14 It had not been developed to a satisfactorv point at this time Cowie 
as ohseraed that occasionallv filtrates that arc not completcla Ivtic in vitro maa affect the 
rgamsn, when g,^en subcutancousla There was no such action in this instance How 
r tmenta four hours after the second dose Tvpes 1, 2 and 3 disappeared from the nnne 
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and lla^ c continued to be absent, ■nnth the evccption of one occasion for a j ear and nine 
months (April 7, 1930) T^Tie 4 nas delimtch affected tivonU four hours after the third 
dose of filtiate (Juh 16), but Tvaa as resistant as c\or eight dajs later despite the fact 
that tno additional treatments had been gi\en and the filtrate i\as being enhanced daily 
during this time On September 4 the first bacteriophage actne for Ti’pe 4 rias obtained 
The first negatiie Type 4 culture Tvas obtained December 2, 144 days after the first of 
fourteen 3 c e subcutaneous injections The urine remained free from Ti'pe 4 for fii e 
dais, perhaps longer, but showed a -h- gronth on the eighth daj (December 10), a + growth 
on the tmenty fifth day, a negative gronth on the thirtj first day The urine was found 
completely stcnle to all tjpes for fifteen days thcieaftcr The patient went to Florida, re 
turning thirty five dais later At this time, he was symptom free the urine was fairlj 
clear, but it gai e a +++ growth of Ti po 4 colonics This type persisted for tweutj sei cn 
days and became negative after the eighth treatment 

Bladder Instillation — It was our purpose to gain as much information as possible on 
the effect of the filtrate bi subcutaneous injection Bladder instillations were not added 
until December 27, 1929 After the bladder was emptied, without bladder irrigation, 10 c c 
of filtrate were instilled The patient was asked to hold his unne as long as he could com 
fortablj At first he remained in bed, but after a few trials he was able to do as well by 
being about He could hold the filtrate from four to siv hours There has been greater im 
provement since this time, but the reader will decide for himself bj reference to the treat 
ment chart whether this is duo in greater part to the bladder instillation or to persistence 
in treatment Our feeling, from work on other cases, is that the double method is the bet 
ter one 

Cells — Tlie patient's urine at the bcgnmiug of observation was definitely cloudy The 
uncentnfuged specimen showed clumps and an excess of Icucocvtes which we marked as 
++44 The urine remained in this condition until after the third subcutaneous injection of 
bacteriophage filtrate Seldom since this time has there been any appreciable cloudiness 
On a few occasions the morning urine, following a bladder instillation the evening before, 
has been cloudv because of an amorphous detritus On such occasions the urine was found 
to be stcnle 

Odor — There had been an unpleasant odor to the patient’s urine since his kidney op 
erations in 1890 and 1898 As prev louslj stated this w as marked enough to produce a 
characteristic odor to the batlirooni The odor could be lessened by drinking freely of 
water Bj reference to the treatment table it will be seen that the odor became much 
less after the third subcutaneous injection of bacteriophage filtrate It had completely 
disappeared November 26, 1929, one hundred four days after the first treatment (12 treat 
ments in all, 30 c c of filtrate) At this time the patient volunteered the information 
“That IS the first time mv urine has been free from odor in 30 jears ” It was actually 
thirty three years The odor has not returned The urine for the most part has been clear 
as a normal unne — influences aside from pvuria at times have imparted a cloudiness 

Treatment — The patient has taken soda constantly since beginnmg treatment The 
total period covers about two years There may have been a few days at a time when 
soda was omitted Three level teaspoonsful a day has been the dose Oranges and grape 
fruit have been taken freelv, and duiing the past vear milk sugar This regimen has often 
resulted in a urine alkaline to litmus, more often neutral There have been no sv mptonis 
attributable to the soda There has nov er been any edema 

Bacteriophage Filtrate — A great effort has been made to secure filtrates as free as pos 
Bible from color and protein Redness, heat, and swelling frequently occurred at the site 
of injection, more often when the color was definite and when the dilution of the broth was 
not as great as it should be The best filtrates were those dev eloped with sv nthetic media, 
and those that could be developed to a high phage titer and which could consequently be 
more highly diluted By reference to the treatment table it will be seen that in the first 
period of observation, June 6, 1929 to January IS 1930, two hundred twenty five davs or 
seven and one half months, we vveie successful in promptly overcoming B eoli Ty-pes 1, 2 
and 3 Three doses of filtrate of 3 c c eaeh accomplished this Type 4 disappeared De 
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ccmbcr 2 cighU =i': iftor the fir=t of ') treatment'- i\ith n potent bactcnophaRC The 

urine rcnnincd practiealh '^tenle to all Upc-i for fort^ *<0100 (Hi‘> uhen this period of ob 
'^enstion ended There ms now an mterial of one month The second period of ob=om 
tion continued for o\er "iv month'i from rebninn 22 to September 4, 1*100 At the bepn 
ninR of this period the firit three t\pe'. were continiiouih nb=ent from the catheterircd 
specimen There was howcicr a — u- growth of T\pc 4 Vftcr S subcutaneous injections 
and bladder instillations the unne oceanic sterile but from time to time Tipc 4 appeared 
as will be seen bv consulting the chart Vn intcrial of four months elapsed before another 
obseriation was made The urine was sterile to all tspes There followed an interval of 

two months wnthout treatment at the end of which Tvpe 4 was -j It responded well to 

treatment but it frequcntlv reappeared in the unne 

The third period of observation covered ninctv eight davs from Mav 21), 1930 to 
September 4 1930 At the beginning of this period the unne was still clear and odorless 
On direct examination a few motile bacilli were observed A combined treatment with the 
prevaous filtrate which had been developed further was given The patient could not re 
turn for ten davs At this time the urme continued to be negative to Types 1, 2, and 3, 
and showed a -s culture of Tvpc 4 A week later the unne was again negative for all four 
types and remained so for at least five davs showing onlv a few organisms on. the eleventh 
daw, increasing to — on the twenty fifth dav in spite of three combined treatments 

It will be seen that during the course of thc'C observations one might have been sat 
isfied that the patient was cured had he been discharged Jannarv IS, 1930 or particularly- 
had he been discharged November 7, 1930, when two unne samples were negative to aU 
four types four months after the last treatment 


Case 33 


CLEAE 

PATE OP ODOE CELLS DIPECT CTLXrEE TYPES 
CLOUDY BVCT 12 3 4 


1929 


6 6 

Cloudv 

Foul _r- 

6 12 

Cloudy 

Foul - 1 — r 

6 13 

Cloudy 

Foul — , — 

6 14 

Cloudy 

Foul 

0 15 

Cloudy 

Foul j— 

7 11 

Cloudy 

Foul 

7 13 

Cloudy 

Foul 

7 15 

Clear 

Foul 0 

7 16 



7 19 

Clear 

SI* 

7 2** 

Clear 

SI 

7 24 

Clear 

SI 0 

7 23 

Clear 

SI 

7 30 

Clear 

SI 

S 6 

Clear 

SI 

94 

Clear 

SI 0 

96 

Clear 

SI 

9 9 

Clear 

SI 

9 11 

Clear 

0 

9 25 

Clear 

SI 

10 18 

Clear 

SI __ 

1126 

Clear 

0 -t- 

11 29 

Clear 

0 

12 ” 

Clear 

0 0 

12 0 


12 7 







— 0 0 0 — - 


0 0 0 


0 0 0 — 1- 

0 0 0 - 

0 0 0 

0 0 0 -i — 

0 0 0 


0 0 0 _ 

0 0 0 i 

0 0 0 — _ 


0 0 0 0 

0 0 0 0 

n 0 0 0 


•SliRhtlv foul 


CLIMCVL NOTES 


Alkalinmation begun 
Alkalmization begun 
Alkalinization begun 
3 c c m arm Stock bacteriophage 

3 c c m arm Filtrate lytic for 1, 2 
and 3 

3 c c in ami 
3 c c in arm 

3 c c m arm IS hr after third phage 
Seem arm 
3 c c in arm 
3 c c in arm 

Sec in arm 
3 c c in arm 

3 cc in arm First phage found ac 
tiye for 4 
3 c c in arm 
3 c c in arm 


3 c e m arm 

3 c c in arm Frine unusuallv clear 
“First time free from odor in 30 
wears” 
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C\SE 33 (Coiit’d) 


DATE 

CLEAR 

OR 

CLOUDY 

ODOR 

CELLS 

DIRECT 

BACT 

CULTURE T\ PES 

12 3 4 

CLIMCAL NOTES 

1929 










12 10 

Clear 

0 

-H- 





4+ 

3 c c jn arm 

12 27 

Clear 

0 



0 

0 

0 

4 

3 c c lu nm, 10 c c in bladder 

1930 










1 3 

Clear 

0 

0 


0 

0 

0 

0 

Stem arm, 10 c c in bladder 

1 4 

Cle u 

0 



0 

0 

0 

0 

3 c c in arm 10 c c in bladder 

1 G 


0 



0 

0 

0 

0 


1 10 


0 



0 

0 

0 

0 

3 tc in aim, 10 c c in bladder 

1 11 

Cloudj 

0 

0 

0 

0 

0 

0 

0 

Amorphous detritus Held filtrite all 










night 

1 17 

Clear 

0 

0 

0 





3 c c 111 arm, 10 c c in bladdei 

1 IS 

Clear 

0 

0 

0 

0 

0 

0 

0 

M out to Florid 1 




Interval of 

One 

Month Since 

Last Treatment 

2 22 

Clear 

0 

+ 

+ 

0 

0 

0 

44+ 

3 0 e 111 irni, 10 c c in bladder Re 










turned fiom Florid i 

2 24 

Clear 

0 

0 

0 

0 

0 

0 

4+ 

3 ec in iini, 10 c c in bladder 48 










hr after phage 

2 2S 

Clear 


+f 

++ 

0 

0 

0 


3 c c 111 arm, 10 c e in bladder Be 










fore treatment 

3 4 

Clear 

0 

0 

0 

0 

0 

0 

+44 

3 c c 111 arm, 10 c c in bladdei Be 










fore treatment 

3 5 

Clear 

0 

0 

0 

0 

0 

0 

44+ 

IS hr after list phage 

3 7 

Cloudy 

0 

T 

0 

0 

0 

0 

44 

Sec in arm, 10 c c in bladder Be 










fore tieatmeiit 

3 S 

Cloudy 

0 


0 

0 

0 

0 

44 

15 hi after last phage 

3 10 

Cloud} 

0 

0 

+ 

0 

0 

0 

4a- 

See in irni, 10 c c in bladder Be 










fore treatment 

3 11 

Cloud} 

0 

0 

+ 

0 

0 

0 

4+ 

1") hr after last phage 

3 14 

Cloud} 

0 

0 

0 

0 

0 

0 

44 

3 e c in arm, 10 e e in bladder Be 










fore treatment 

3 21 

Cloud} 

0 

+ 

4+ 

0 

0 

0 

± 

3 c c 111 arm, 10 e c in bladder Be 










fore treatment 

3 27 

Cloudy 

0 

0 

0 

0 

0 

0 

0 

3 ce in aim, 10 e c in bladder Be 










fore treatment 

4 7 

Clear 

0 

0 

0 

44 



4+ 

Seem arm, 10 c e in blidder 

4 11 

Clear 







± 

3 cc 111 aim, 10 e c in bladder 

4 18 

Clear 

0 

+ 

++ 






5 29 

Clear 

0 


+ 





3 c c in aim, 10 c c in bladder After 










46 d 1 } absence 

6 9 

Clear 

0 

+ 

0 

0 

0 

0 

+ 

Filtrite active for Tipe 4 of Dec 










27, 1929 

C 16 

Clear 

0 

+ 

0 

0 

0 

0 

0 

3 c c in arm, 10 c c iii bladder 

6 20 

Clear 

0 



0 

0 

0 

0 

Cultures of sixteenth still negative 

6 21 

Clear 

0 

+ 

0 

0 

0 

0 

0 

3 CC )u 11 m, 10 c c 111 blidder 

6 27 

Clear 

0 

++ 

0 

0 

0 

0 

+ 

3 c c in arm, 10 c c in bladder 

73 

Clear 

0 

+ 

0 

0 

0 

0 

+ 

3 c c in arm, 10 c c in bladder 

7 11 

Clear 

0 

0 

0 

0 

0 

0 

4+4 

3 c c in arm, 10 c c in bladder 

9 4 

Clear 

0 



0 

0 

0 

4+4 

2 months since last treatment 




Interval of lour ilonths Since Last Treatment 

11 7 

Clear 

0 

0 

0 

0 

0 

0 

0 

3 c c in irni, 10 c c in blidder ^ 










months since last treatment 

11 8 

Clear 

0 

0 

0 

0 

0 

0 

0 

16 hours aftei phage 

11 13 

Clear 

0 

+ 

+ 

0 

0 

0 

44 





Interval of Two Months Since Last Treatment 

1931 










1 9 

Clear 

0 

-H- 

4+ 

0 

0 

0 444+ 

3 c c in arm, 10 c e in bladder 

1 10 

Clear 

0 

0 

0 

0 

0 

0 

0 


1 18 

Clear 

0 

0 

0 

0 

0 

0 

0 

3 CC in iim, 10 c c in bladder 

1 19 

Clear 

0 

0 

0 

0 

0 

0 

0 


1 23 

Clear 

0 

0 

0 

0 

0 

0 

+ 

3 c c in arm, 10 c c m blidder 

1 24 

Clear 

0 

0 

0 

0 

0 

0 

0 
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719 


CliFUt 
0 \TE OR 

CLOLDY 


onop CFLLS dirfct cl ltl PE types 
B\CT 12 3 4 


CLISrCYL NOTES 


1931 


1 30 

Clear 

0 

0 

0 

0 

0 

131 

Clear 

0 

0 

0 

0 

0 

26 

Clear 

0 

0 

0 

0 

0 

2 7 

Clear 

0 

0 

0 

0 

0 

2 12 







2 20 

Clear 

0 

0 

0 

0 

0 

2 21 

Clear 
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0 

0 

0 

0 
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Clear 

0 

0 

0 

0 

0 

2 26 

Clear 

0 

0 

0 

0 

0 

36 



+ 




3 7 







3 20 




0 

0 

0 

3 21 




0 

0 

0 

3 25 




0 

0 

0 

3 26 




0 

0 

0 

1932 







16 

Patient reports he 

IS 

still symptom 

free 


••1 27-32 ifter going to press t, 
s\’Tnptoms 


0 0 3 c c in arm, 10 c c m bHdder 

0 ± 

0 - 1 - 1 - 3 c c 111 TTin, 10 c c in bladder 

0 ± 

3 c c in arm, 10 c c in bladder 
0 0 3 c c in arm, 10 c c in bladder Urine 

acid 

0 0 

0 0 3 c c in arm, 10 c c in bladder 

0 0 


0 0 

0 0 Urine alkaline 

0 0 

0 0 73 obsertations to date 

and urine is odorless* * 


sample showed type A B coil Xo 


Case 36 — Ada S , aged two U H 220180 Tune 29, 1929 Patient brought to Hospital 
betau<.o of cleft palate when she was nine months old Had influenza at three months and 
frequent upper rcspiratorv infections Xo complaints at present Examination aside from 
harelip negatn e 

PebTuarY 3, 1930 'Returned for cleft palate During last two weehs has had a tern 
perature as high as 104* Pneumonia was suspected Has some cough and some nasal dis 
charge Examination ncgatiie except for crvidence of undemntntion and the congenital 
defect 

Case 36 


date PEACno'X CELLS I! COLI 


1930 
2 5 
2 11 
2 19 

2 27 

3 11 
3 19 
3 21 
3 27 

3 31 

4 15 
4 16 
4 25 

11 29 

12 3 
12 12 
12 26 

1 7 
1 14 
1 10 
1 IS 

3 17 

4 1 


alk 


scid 

acid 


acid 



44- 

-H- 

-M- 


J-L 

4 

-H- 

-s 



CLIMCAL NOTES 


Alkalinization begun 


2 c c filtrate subcutmeouslT Given without 

1 c c filtrate subcutaneously our knowledge 

Discharged 

Returned Paracentesis right ear 
Alkali discontinued 

Cvstoscoped Dilatation left kidnev pelns 

Cvstoscoped Dilatation right kidnev pelvis 

Readmitted 

Alkabnization begun 

Increased alk ili 

Developed ehickenpox 

Relumed from Contagious YS ard 

3 c c filtrate m arm, 7 c c in bladder 

3 cc filtrite in arm, 7 e c in bladder 


3 0 e filtrate in arm, 7 c c in bladder 
Discharged Y\ e have not been able on constant 
cfTort to deielop a filtrate completely Ivtic for 
patient’s organism 
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Fobruarj 5, 1930 Urine contained “pus ” Cafhotorizcd specimen B coli mi We 
•nere unsuccessful in dec eloping a liactcriopliage tint would satisfactorih Ijse the organism 
isolated from this patient’s urine 

Case 37 — Ida L , aged eighteen mouths U H 222282 Julj 20, 1929 Patient brought 
to the Hospital because of an unexplained fc\cr Two months ago fee or, counting, loose 
stools and anorexia dec eloped Since this time she has had an afternoon olecation of 
temperature ranging between 102° and lOI” She has had night sweats during the past 
week The mother tliinks the patient has jiain when she attempts to urinate 

Examination Aside from a slight general adenop ithy the physical examination was 
negaticc Urine acid, lO to 70 Icucoectes per low power uncentrifuged hold, no casts, no 
blood, albumin nogatne There was a dchnitc secondare anemia Hemoglobin 45 per cent 
Sahh Leucocj tos 14,000 Kahn negatne Alkaliniralion was begun The ciTect of bactc 
riophagc treatment in this ease was cere satisfacton A suitable bacteriophage hltrate 
w as dec eloped in eight day s 


Cisi 37 


DATE 

CELLS 

B COLI 

CLTVICAL ^OTES 

1929 




7 27 

444 

4444 


8 7 

44 

4H4 

Alkalinization begun July 29, 1931 

8 14 

44 

4444 

Hemoglobin 63 per cent Leucocytes 19,200 

8 16 

44 

4444- 

2 c c filtrate subcutaneously in arm 

8 17 


4444 


8 19 



2 c c filtrate subcutaneously in arm 

8 20 

0 

444 


8 21 



2 c c filtrate subcutaneouslv in arm 

8 22 

0 

+ 


8 24 

0 

+ 


8 26 

0 

+ 

Hemoglobin 65 per cent 

8 28 

0 

0 


8 30 

0 

+ 

1 c c filtrate subcutaneouslv in arm 

8 31 

0 

+ 


9 4 

0 

+ 


9 6 

0 

± 

3 cc filtiate subcutancoush in arm 

9 7 

0 

± 


9 9 



25 c c whole blood intramuscularly 

9 11 



1 c c filtrate subcutaneously in arm 

9 12 


± 


9 26 


± 

25 c c whole blood intramuscularly 

10 1 



Discharged on sodium bicarbonate Beturn in 1 month 

10 5 

0 

0 


10 6 

0 

0 


10 7 

0 

0 



Case 38 — kfrs D , aged hfty C H September 14, 1929 Patient operated upon 
for a small hemorrhoid and fissure in ano Ten days later she developed bladder and 
urethral irritation The unne showed no pus but on culture contained +44+ B coli There 
was a history of similar attacks over a period of two or more years The bacteriophage 
hndings are those of a long standing infection This patient recovered sy mptomaticalh 
after the fifth treatment but we were unable to steriliro the urine at any time A recent 
letter (December, 1931) from this patient reports she is symptom free 

Case 39— Lois S , aged seven 0 H October 28, 1929 The middle of June the patient 
contracted a “cold” which did not respond to treatment Since this time there have boon 
frequent recurring tcmpeiature increases up to 100° P During the past three months she 
has been confined to bed because of the suspicion of tuberculosis Decently the increase 
temperature has occurred every day, and she has complained of “spasmodic, shooting, ab 
dominal pain from the navel down ’’ Sometimes the pain may last for half an hour It 
may be initiated by an evacuation of the bowels Her weight has remained stationary at 
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D\.TE CEILS E COLl 


1929 

9 24 

+ 

-H-H- 

10 12 


AH 

10 IG 

10 17 

■H+ 

■H-M- 

10 IS 

10 21 

10 22 


-r*- 

10 23 

10 24 

+ 

-H 

10 30 


+ 

10 31 

111 

0 


113 

115 

116 


4-1 

118 


+ 

11 11 


4 

11 12 


-H- 

11 13 


4+ 

1930 

4 28 


44A 


CLIMCAI NOTES 


See filtnte in nrm 

Sec fiUnte in nrm 
See filtrate in arm 

3 C.C filtrate in arm 

See filtrate in arm 

3 C.C filtrate in arm 
3 cc filtrate in arm 

See filtrate in arm 

Large colonv tTpe Xo svmptoms 


pounds Siveating occurred for a sliort period in the beginning of the illness Kecentle 
unnarv frequenev and burning mictuntiou de\ eloped 

Physical examination ivas ncgatixc except for a marked accumulation of smegma and 
considerable irritation of the external genitals X ra\ examination of the lungs iras nega 
tire A catheterized urme specimen shoived no excess of cells, no casts, no abnormal chem 
istiT At the end of tiventy four hours on blood agar and Endos medium the culture was 
negatii e At the end of tbirtv six hours in brain heart infusion a positii e growth of B coh 
was secured Alkahnization was begun It took manv dai s (25) to adapt a bacteriophage 
for this organism Treatment was begun Xoi ember 27, 1929 


PiXE 39 


date 

CELLS 

B COLI 

PEAIAPKS 

1929 




10 28 

0 

i 

In brain heart infusion 

10 30 


4- 


1127 

0 

J. 

3 c c filtrate m arm 

11 29 

0 

+ 

3 c c filtrate in arm 

12 1 



3 c c filtrate in arm 

12 2 

0 

0 

Culture still negative after 5 days 

12 16 

0 

0 

3 c c of filtrate in arm 

12 17 

0 

0 

18 hours after last treatment 


The patient has been i erv much better Occasionally a slight temperature increase is 
found She has been ha\ ing a mild upper respiratorv infection that may be responsible 

April 2 1930 Patient still continues to run an occasional temperature of 100° F 
She looks well, but has gamed onlv half a pound There are no urmarv symptoms or signs 
Culture negatiic This is a case of prcMouslv unexplained low feier associated with a re 
si'tant B Coh tvpe of infection of the genitourinary tract which responded quite promptly 
0 treatment after a prolonged effort to “eeurc a satisfactory bacteriophage 

Sacienoloffic Xote — October 2S, 1929 Endos and blood agar plates negative in 
went! four hour- Brain heart infusion positiie m thirty six hours Transplants to 
mos and blood agar pomtnc in twenty four hours, 14 colonics per standard loop These 
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■nere moclium sized tjpo E B coh colonies Hemoh tic, translucent colonies on blood ngar, 
metallic luster colonics on Endos 

Case 40 — ^Mis S, aged tliirty live C II October 29, 1929 Patient has had a colon 
bacillus infection of the urinary tract for many months Aside from a general indisposi 
tion and occasional local urinary irritation, the condition has not been niarhed It is de 
sired to hai c the infection cleared up, as it may be a contributing factor to her feeling of 
indisposition This patient responded quickie to bactcrioplngo treatment 


Case 40 


DArE 


CELLS 

B COLI 

REMARKS 

1929 





10 29 


0 

+ 

Alkaliiiization begun 

11 27 


0 


3 c e filtrate in irm 

11 29 


0 

± 

3 c c filtrate in arm 

12 2 



0 

3 c c filtrate in arm 

12 16 


0 

0 

3 c c filtrate in arm 

12 18 




1 5 c c filtrate in arm 

12 19 


0 

0 

2 c c filtrate in arm 

12 20 


0 

0 


1930 





4 2 


0 

0 

10 c c filtrate in bladder 

April 2, 1930 

Tlie 

urinary 

sy iiiptoiiis had been 

yen niucb improycd until two yveeks 

ago when there was 

fi recurrence 

“Ehcuiiintit” syniptoms doy eloped in the right loin at 

this time and continued 

On general principles 30 cc 

of the bactcriopliage filtrate were in 


jeeted into the bladder AThilc doing this many small pohpoid growths wcie scon in and 


around the meatus urinanus and on either side of the lagina posteriorly Culture of the 
unne was negatne The symptoms weic coming from the polypoid growths 

Case 41 — Pearl E, aged ten U H 23144S January 5, 1930 Patient has boon on 
Bone and Joint Soryice for twenty si\ days because of poliomyelitis residual palsies Be 
y eloped scarlet foyer today 

Case 41 


HATE CELLS B COLI CLINICAL EINDIN^GS 


1930 

1 14 4-H-t 

1 IG ++ 

1 19 
120 
121 
1 22 

1 25 

12G 
1 28 

1 30 

2 3 

2 5 ++ 

2 8 

2 20 -H-H- 

2 22 +44+ 

2 23 0 

2 24 0 

2 26 0 

2 27 0 

3 17 

8 5 ++++ 


++++ 


Alkabmzation begun Temperature 103° 

Biinnuig a septic tempernturo, severe epistavis 
Measles developing 
Bash weU out 

Bash has subsided General condition improved 
Unable to alkalmize urine Increase bicarbonate 
Pam right ear, spontaneous ruptuio 

Bight ear drum perforated Urine alkaline Marked conical 
adenitis 

Pam over left frontal and ma-cillary sinuses Left eyelids swollen 
Colicky pains upper left abdomen General condition improved 
Pam left ear Temperature normal 
Piftli day of normal temperature 
Seienth day of normal temperature 

Transferred from Contagious ward to Bone and Joint yvard 
Eef erred to Pediatiics for treatment 
3 c c filtrate subcutaneously 


3 c c filtrate subcutaneoush , 5 c e in bladder 
5 c c filtrate in bladder 

Case became lost to our serviee after this time 

Beturns for ohsenation aftei thiee months’ absence from Hospital 
Has been yvell Examination reveals septic tonsils, urme pus 
Nn qllmnini or casts Culture shoyvs many B coh 
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J^nu^^' 12, 10^0 S\nnj)tonis of snrRt foir Imi sulisulul 

Tmuar' 14, 10 10 A fc\cr of 101° ilcvolopid todn% Geiicrnl nc^iatwo 

Unoc ':lio'\vs no cn‘=t'!, a large nnniher of pnni negative l)aeiUi VlKnlinization nas bo 
gun Sc\cnPM temperature 104 S° rnic flii-.hoil Thi'' patient was not proporla cared 
for Being on another scriico she uas inaiU irtcntU oiirlookcd There was a definite 
clearing np of the p^unn and a iiiodifiiation in the number of bacilli following treatment 
but this was not permanent 

Case 42— Louise H, aged two V H 24C177 \ugust 0, into Patient brought to 
Hospital because of iindornutntion “searlet fL\er dc\ eloped lSra% 17, acute throat Tune lo 
Throat was lanced Infected ears opened sc\cral times In Hospital four weehs Became 
rapidlv emaciated after thi= 

Examination Emaciated delis drated shpbt ngiditr of nech Leucoc' tes 19 000 
S2 per cent polrs hemoglobin 70 per cent “spinal fluid clear under sliglitli increased pre= 
sure Fundi negatiie Guinea pig inoculated later negaticc Blood culture negative 
Transferred to Xeurosurgcrv because of suspicion of brain abscess I entncular puncture 
ncgativ c 

August 22, 1010 Patient transferred back to Pediatrics 

‘September S, 1930 Improving Has gained 2£ jiounds 

September 11, 1930 Fever for past two davs Pnne contains pus and bacilli Cul 
tnre started Alkalimration begun This patient made a satisfactorv recoverv 


Case 42 


pate cells B COLT 


CLIMCAL NOTES 


1930 
911 
919 

9 23 
101 
10 14 
10 19 
10 24 

10 27 

10 28 
112 
1121 

11 26 
12 3 

1931 
1-4 


+ 

0 

-laa. 


0 

0 


0 


4-v 

+ 

0 


0 


•llkabnization begun Fever 

Erme is almost clear Temperature normal all dav 

lluch improved Leucoevtes 14,000 Temp 100" Sitting np 

ifeasles Transferred to Contagions Hospital 

Eetumed to ward 

Fever 

Bacteiaopbage given 
Bacteriopbage given 
Bacteriophage given 


Dose not recorded 
Prohablv Seem arm, 
7 c c m bladder 


Discbarged 

Returned for check in the Out Patient Department 
Direct Smear — 

Advised to return in one month Patient had just recovered 
from ehickenpox 


Case 43— Euphemia E, aged seven V H 253S25 Xovember 21 1930 PaDent 
^roiight to Hospital because of attacks of “indigestion” which have been pre,ont at inter 
va 3 for the past two Tears, irregular cramplike pams over the lower abdomen, nausea, oc 
casional vomiting of food eaten at the previous meal fever The unne i- said to have con 
ainci pus ” Her phvsician sends her to the Hospital for hactenophage treatment 

xnmination— 'Well nounslicd child Temperature 100° Submavillarv and axillarv 
g an , palpable Otherwise a carefullv done phvsical examination was nega'-ire The 
cell!'”™ f reactions at anv time Kahn negative Unne showed 11 to ->0 
e s per Ion- power uncentnfuged field Culture showed B eoli — _ To be ob=erv i ,1 !n 
Out Patient Clmie This patient improved sv mptomaticallv hut the hLdL^a Id not 
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C\sb 43 


DATE 

CFLLS 

D COLI 

PEACTIOV 

CT/IMCAL ^OTES 

1930 
11 21 

+ 

++++ 

acid 

Urine is clontjv AlKalinization started 

12 11 

+ 

-f+f+ 

alk 

Unno IS cloudv 

1217 

+ 

-H-H- 

all 

See filtr ito in arm, Tee 111 bladder Alk discontinued* 

12 19 

0 

+ 

alk 

3 c e filtrate 111 arm, 7 c c lu bladder 

12 21 

+ 

4++ 

acid 

3 c c filtrate in arm, 7 c c in bladder Alk resumed 

12 23 

0 

0 

alK 

3 c c in arm, 7 c c in bladder 

12 20 

0 

0 

alk 

Urine has been water clear for several davs 

1931 





2 20 

■H 

-H4+ 

acid 

Bcadmitted Continues to have occasional attacks and 





V igue lower alidomiinl pun, everv 3 01 1 iveiks iviHi 
freqnenev G 1 X nvs negative Alkalies begun 

2 28 

+ 

4-H- 

acid 

Aiitooeiwu’s phatie found 111 urine 

3 1 

-t 

+++ 



3-4 

+ 

•H4 

alk 


3 5 

+ 

+++ 

alk 

3 c c filtrate in arm, 5 c c in bladder 

3 7 

+ 

-H-f 

alk 

3 c c filtrate in arm, 5 c c in bladder 

3 9 



alK 

3 e e filtrate in arm, 5 c c in bladder 

3 10 

± 

H- 

aeid 

Discharged on alkalies, to report later 

4 18 




Readmitted Well since discharge No pain Appetite 
good 

4 20 

+ 

-ff+ 

alk 

4 24 


•H-f 



4 30 




Discharged Satisfictoiy filtrate has not been developed 

OS 




Readmitted lias had frequency, enuresis, abdominal inin, 





distention Uiine said to Inve ‘pus” clumps 

0 9 

± 

-fH- 


Autogenous phage negnfne 

71 




Alkalies begun 

72 


-H-H- 



7 10 



alk 

Sec filtrate in arm. Seem bladder 

7 15 

-H-f 

■H4+ 

alk 

See filtrate in arm, Sec in bladder 

7 17 

+ 

H-f 

nout 

3 c c filtrate in arm, 5 c c in bladder 

7 19 

+ 

-H- 



7 21 




Discharged Much improved svmptomaticallv Continue 





alkalies Return for further observation Patient has 
not returned (January 10, 1932) 


•Alkalinlzition ■ms begun No^ ember 21 1930 Through a misunderstanding Oie motlier 
discontinued Its use itben filtrate injections were begun Tins ■ms discovered December 21 when 
alkallnization was resumed and continued 


Case 44 — ^LeoH H , uged eight TJ H 2o8616 February 12, 1931 Brought to Hos 
pital for “appendicitis “ Complaiucd of headache, abdominal pain at first to left of navel, 
now at JIcBurnej ’s point, nausea, vomiting Said to have Ind an “abscessed kidney” 
three years ago 

Examnahon — Tenderness at SfcBurney’s point, with some rigidity Left costo 
vertebral tenderness Loucocj tes 10,000 TTrino 10 cells per low pow cr field, an occasioml 
granidar cast Surgery suspects a subsiding appendicitis Beferred to Pediatrics with 
thought that it mav be an upper respiratory infection following a tonsillitis X rav of 
chest and our evamination negative 

February 20, 1931 Urine culture B coli +++ 1 . pew colls 

February 24, 1931 Twelfth day in Hospital Tenderness over niaMllary sinuses 
X ray showed maxillary and ethmoid infection Otologv Departn ent found no definite 
clinical evidence of sinus disease 

May 15, 1931 Cathcterized specimen of urine shows on culture a green producing 
streptococcus like organism having no B coli characteristics excepting that it was easih 
lysed by B coli bacteriophage filtrate 

May 19, 1931 The same organism was recovered from patient's unne It was also 
easily lysed by Cob phage overnight BTieu left alone it lysed itsoll in two days’ time 
This made it impossible to keep a strain of this interesting organism as we had previously 
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C^sr 44 


DATE 

CEDES 

B COEl 

PEACTION 

CblMC \b NOTES 

1931 





2 20 

j. 

till 

1 ^ T 

acid 

Alkalinization begun 

2 22 

± 

-H-H 

ncut 


2 23 

0 

■i— 

acid 

Autopliat/c found in urine 

2 24 

+ 


acid 

Autophnoc still present 

2 25 

+ 

-M+f 

nout 

Direct smear 


0 

0 

alk 

Later in dav Culture 0 kctive pliagc present 

2 26 

-H- 

-u. 

nent 


2 27 


-1 

alk 


31 

+ 


alk 


33 

+ 

-tH- 

alk 

Antophage again present Being developed for treatment 

34 


-}-+ 

alk 


35 

+ 

XXX 

alk 

3 c c filtrate in arm, 7 c c in bladder 

3 7 

+ 

-H- 

alk 

3 c c filtrate m arm, 7 c c in bladder 

39 




3 c c. filtrate m arm, 7 c c in bladder 

310 

0 

0 

ncut 

Discharged 

4-13 

-H- 



Ketums to Out Patient Department Malaise, masiUarv 





tenderness, septic tonsils 

414 




Discharged on acid treatment 2vot referred to laboratorv 

4-26 

X 



Returns in good condition Alkalinization resumed Sent 





home 

515 


-rH4 


Returns Increased frequency, headache, noctnna, malaise 





ChiU this A.M Generalized abdommal tenderness Ivo 





ngiditv Costovertebral angle tenderness 

3 19 

■H- 

-H-H- 



63 


0 


Polcnt pliagc found xn urine Direct smear showed organ 





isms Disappeared from nnne m 24 hours 

69 

+ 

0 


Direct smear Streptococcus Reaction of autophage same 





as June 3 See test May 13, 1931 


(lone 'snth the onginal strain of B colt The h tic principle from this organism this anto 
Ivtic pnnciple, tvss active against the original B eoh isolated from the patient's nnne Jan 
uarr 20, 1931 

Case 45 — Mrs H L S, aged fiftr C H Mav 25, 1931 Patient has been having 
manifestations of pvelitis for manv months, chills, unnarv frequenev and irritation coming 
on at internals ITrotropin and other antiseptics have been nsed A cathetenzed nnne 
specimen showed slight excess of leucoevtcs, no easts, and on culture B coli j— t— Alhali 


Case 45 


Date 

CELLS 

B con 

PEitAPKS 



1931 


P 

S 




5 25 


- 

x+x 

Alkalinization begun* 



6 19 

0 

- 

0 

Dnne alkalme 



( 6 

0 

X 

0 

3 c c filtrate in arm, 10 c c 

in 

bladder 

7 7 

0 

X 

0 

3 c c filtrate in arm, 10 c e 

3n 

bladder 

7 S 




3 c c filtrate in arm, 10 c c 

in 

bladder 

7 9 

0 

± 

0 




7 10 

0 



3 c c filtrate m arm 10 c c 

in 

bladder 

7 11 




Drinarv frequenev, chills, irritation 

i liS 

7 14 

0 

i 


Svaiiptoms have disappeared 



7 20 







7 21 

0 

0 


Svmptoms still absent 



7 2S 

0 

0 


Svniptoms still absent 




hours xm The first culture showed no growth on Endos medium in twents -four 

n the producing colonies resembling 'Streptococcus tindans deVeln^l 

Plamefl ■'Tlmn these were transplanted m broth meubaUd anil agam 

acmin ® chh R. tvpe colonics developed The tins tvne of 

"*h he observed that alPalinization had been going on for 
ana the unne was alkaline at the time of the second culture ^ twentv-five 
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nization is begun Tins patient has rciimiiied Irec from sMiiptonis to date (Dttomber 
5, 1931) 

Case 40 — Mis C V, aged tlintj one C 11 Stptciiibti 28^1931 Tins patient has had 
a known colon infection of the iinnara tract for o\er a a oar She has prtaioush been 
treated in Near York aaitli a filtrate prciiaicd ba iis She aaas aera carofiilla avatchod bj 
competent obseracis and responded fairla aaell to treatment The B coli, hoaaoaer, did not 
remain aavaj from the uiiiio At one tune the culture is reported to haam become negatiae 
She has had no samptoms since this time She presents herself for oaamination 

The patient is i atra robust pcisou avitlioiit inj symptoms She conics in for i check 
up examination Aside fiom the bacilluria the examination aaas cntirelj negatiae The 
sequence of eaents folloai 


Casf 4G 


DATF 

CEI LS 

11 COLI 

URI^F 

ItFAI \IIKS 


1931 






0 28 

0 

+ 

acid 

Alk iliiii/ ition begun 


0 30 

+ 

■H-H- 

icid 



10 13 

+ 

++++ 

ilk 

3 t c filtr ite III mil, 10 ci in bl iddcr 


10 14 

0 

i 

ilk 

IS hours after first treiiment 


10 1 j 

0 

± 

alk 

3 ce filtr ite in iim, 10 c c in bl aider 


10 10 

0 

0 

alk 



10 17 

0 

0 

alk 

3 ce filti ite in iim, 10 c c in bladdei 


10 19 

0 

0 

noiit 

3 c c filtrate iii irm, 10 c c in bl iddcr 


10 21 

0 

+ 

allc 

3 cc ncav filtrate in arm built fiom 

Oct 17 set up 





Fed 3 times a daa It is much more potent 

10 22 

0 

++ 

ilk 

19 hours after list tre itmeiit 


10 23 

0 

+ 

alk 

3 c c iicaa filtr itc in arm 


10 24 

0 


alk 



10 20 

0 

++ 

alk 

3 c c lieu filtrate in arm 


10 27 

0 

+ 

alk 



10 29 

+ 

+ 

Ilk 

Org iiiisms in the urine aie igglutinated 

Herctoforo they 





li lae ilavias boon free 


10 31 

0 

± 

alk 



112 

0 

± 

neiit 

Alloaaed to loaac citr for a feav daas 


11 12 

± 

-H-H- 

alk 

Discharged on sodium bicarboii ite and basic diet 


This has been a aera resistant strain of B toll It aaas definitela affected after the 
first senes of intoctions Wo aacro Iioaacacr, ncacr able to cause the organism to disappear 
from the inane for iiioio than a fcaa daas A bacteriophage aaas not demonstrated m her 
urine at ana time The patient is pcrfectla aaell and has been since her first course of 
treatment in Neaa York She aaas discharged on alkaline treatment aaafh the usual adaice 

Case 47 — Mrs FUG, aged sixta six C n Dtccnibci 31, 1931 Last slimmer 
(August) the patient had samptoms attributed to a castoccle bearing doaan sensation inter 
feripg aaitli her aaalking Keplacemcnt and douching oacrcamc the samptoms A ring pos 
sarj aaas introduced in October This caused much discomfort in the rectum and had to be 
abandoned Another possara aaas tried Three daas latei bladder samptoms dea eloped, 
painful micturition and urinara freqiicnca, daa and night This aaas treated for seaeral 
daas aaitli bladder iirigations She has taken urotropin oinco October, but onla fi'C grains 
oaera morning Some other urinarj antiseptic aaas used, possibla not more adcquatela than 
the urotropin Becoiitlj she has been taking soda For the past seacn a ears she has taken 
more or less soda foi “gastric ulcer ” On entrance urinara frequence and painful unna 
tion aaeie still present 

Examination shoaaed a faiila aaell preseracd aaoiiiaii for her j ears Glaucoma Thin 
edge of liaer felt taao fingers beloaa the costal inaigin No nodules A feaa days after the 
bladder diseomfoit began she complained of generalired iiain in the abdomen and a slight 
increase in tompcratiire aaliich lasted for fiac daas lendorness on pressure oa er the ab 
domen at this tune, not localized The perineum is inadequate There is a rectoeele and a 
CTStocele There is no icdness about the iiiethra The uterus is normalla atrophied 



OBsrin vTioxs ox the b vcterioph \r,r in 

A catlictcnrcd Hnn. spoc.n.cn 150 cdl-^ per lo^^ po^^or «n< cntr.teRcd field with 

dump- The culture ‘=ho\\ ed B coh 


( v'lr 47 


DATE 

CFCxLS 

B COU 

rrM \rKS 




1931 







12 31 

— 


Albalmization continued 




1032 

1 6 



■Criiio alkaline See baotcnopliagc in 

nnii 

10 c e 

in bladder 

1 S 



Urine alkaline 3 t e bactcnopliage in 

nrm 

10 c c 

in bladder 

1 11 

j. 

0 

Urine alkaline See bacteriophage in 

'imi 

10 c c 

in bladder 

113 

0 

0 

Urine alkaline See bacteriophage in 

nriB 

10 c e 

in bladder 


Patient’s siTuptoms haic all disappeared 

aiETHODS trSED FOR DEtTCLOPING B VCTERIOPIl VGE FOB TBEVTMrTST OF B COLT 

INFECTIOXS 

Bv tlie Bse of ovii sevrage base Tiiethotl*' tnaiiv dat s time is sat ed ot er other 
methods of baeteiiophagc det elopnient which we hate tned It is possible to 
develop a watei eleai filtiatc which gives oiilv a faint pink local reaction at the 
site of inoculation wnthoiit the occiiiience of edema oi a general reaction Fil- 
trates developed in broth wnthont subsequent det elopment on solid media give 
maiked reactions Filtiates ontirelt or finallt det eloped on solid media gite 
onlv sbght leactions The methods in use at the present time are as follow s 
Sexiage Base — ^Sewei watei is filtered clear throngh gauze paper and in- 
fusoiial earth To 100 ec of the lesulting filtiate 0 4 gram of dehydiated 
baetonutnent brotb (Difco) is added After tlioiongblv mixing this is stei- 
ibzed by filtering through a Berkefeld candle 

Selecting a Baciei lophagc —To twehc sterile test tubes appioximately See 
of the sew age base is added One of these is used for a control The others are 
fed with taiying amounts of a nine-honr culture of the clinical stiain of 
B coh One tube is filled with bioth as a contiol Between the ninth to the 
fifteenth horn these tubes must be fiequentlv and caiefnlh watched for it has 
been our observation that the hactenophage nndei these conditions does not 


Table JV 


tube 

to 


CHABACTEP OP TUBE 


Sec broth control + 1 mm loop B coli suspension 
See filtnte control 

See filtrate + 1 mm loop 9 hr B cob suspension 

Sec filtrate 

Sec filtrate 

See filtrate 

Sec filtrate 

Sec filtrate 

Sec filtrate 

Sec filtrate 

Sec filtrate 

Sec filtrate 


GPOW TH PE&CLT APTEP 9 TO 

1"> Horps itcTEvnot 


s 

0 

10 

U 

12 


•Coieie D tl Obsereatlons on the Bacteriophage Ann Clin tied I 73 19'>c 
K 1 1 vir . P Present Status of the Bacteriophage m Colon Infections of the 

E tract Tran‘-aciion*j of t, of tl Ped and InfecL Dis Socieli 1^29 
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develop m appieciable amount itntil after nme lioius, and that secondaiv 
^lowth of lesistant oigamsms may stait as eaily as the fifteenth houi, or some 
contaminating oiganism may icndex the tubes cloudy, thus obscming Ivsis that 
may have oecuiied A set up and lesults may be illustiated as shovm in 
Table IV 

Building ihe Sioch Phage Filhaie — Add all the negative and one plus fil- 
tiates togethei (3 6, 8, 10, 11, 12) In tins instance it uall make a batch oi 
48 c c Filtei thiough a lleikefeld M candle to icndci steiile It a\i 11 be seen 
that each of the tubes selected was able to Ijse to all piaetical puiposcs, one 
loop of the inne-houi bioth cultuie In othei woids, the combined filtiates had 
Ivsed six loops It mil be safe then to inoculate the combined filtiate with 3 
loops of the mne-houi bioth cultuie Aftei nine hoins incubation we usually 
get a deal fluid 

Peed the icsultmg fluid uith the same amount of cultuie without filteiing 
if it IS deal, othei wise filtei and feed Incubate nine houis as befoie 

On siiceessne nine-hoiii feeds giadualV ineiease to 3 5, 6, 9 loops, and 
then to 1 c e of the cultuie, lepeating each successive incicase once In this 
way if gieat caie is taken not to feed too much, subsequent filtiation mav be 
avoided and much time saved The point is to feed just enough to pi event 
visible giowth 

This builds 0111 stock oi active concentiated baeteiiophage filtiate fiom 
winch IV e build oiii individual filtrates for ticatment We keep these stock fil- 
trates constantly developing Usually nine oi ten aie always on hand, each one 
of which may be tested against a patient’s stiam on agai plates which shows 
plainly and most easily whethei the filtiate is active foi the patient’s stiaiii 
This nifoimation is obtained in fiom eight to fifteen houis 

Building the Tieafmcnt Filtiate — Tins maj’^ be done in one of three vvajs 
Fust Method Seed one to thiee plain agar 6 inch plates until two drops of 
a nuie-houi bioth giowth of the patient’s strain Diy m the mciibatoi foi 
thiee qiiaiteis of an hoiii Cover with two oi thiee diops of the baeteiiophage 
filtrate Incubate foi nine to fifteen houis AVash off the oiganisms with about 
12 cc of steiile saline solution wnth the aid of a smooth bent glass lod, and 
pipette into plate No 2 Wash and in like mannei pipette into plate No 3 
using sterile technic thioiighout Now pipette the contents of the thud plate 
on to a steiile foiiith plain agai plate and incubate all the plates foi vmrying 
lengths of time, until satisfactoiy lysis is obseived (nine to fifteen houis) 

It IS geneiallj found that plates 1, 2, and 3 will be covered vnth giowth 
and plaques, the plaques piedominating, while plate 4 will look the same as it 
did when it was put into the incubatoi That is, the added combined suspen- 
sion has evapoiated veiy little, and the organisms piesent liaim settled to the 
bottom, giving the appearance of a smooth j ellou ish white layei on the surface 
of the agai 

Plates 1, 2, 3, and 4 aie now washed a second time with 20 to 30 cc of 
sterile saline solution The lesulting combined mixtuie is centiifuged until 
deal The supeinatant fluid is lemoved, steiilired by passing through a Bcike 
feld M candle, cultured foi steiilitj and tested foi baeteiiophage activity by 
one of the following methods 
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(a) B\ tcstinu the action of laixinn .nnount^ of filtiatc igainst a ninchoni 
broth swspcnsiou ot the clinical sti.iin This ma\ be clone in the folloiMiig man- 
ner In each of fne small, ^lneh test tubes place 10 droiis of the bioth suspen- 
sion and seinlh 12 3 4 and i diops ot the bactoiiophaac filti.itc The tubes 
are then put in the inciibntoi and caiefiilh Matched between the ninth and 
twentieth hours The tubes hainig the lamest amounts of the hltiate aie more 
hkelv to be found clear Iloweici \\c not nificqucntU find a clear tube amoii" 
the weaker dilutions This lait has been demons*iatcd b\ D Ilerelle 

(b) Bi adding J c c of the filtrate to laiiinfii quantities oi a nine-hour sus- 
pension of the clinical strain 1 2, 3 4 3 and fi e e lesiiectneh Those prepara- 
tions are incubated and obseiscd in the manner prcMOiislv described The tube 
showmg the greatest hses is accepted as demonstiating the h*tic power of the 
bactenophage 

(c) Bv seeding a 3-ineh agar plate with 1 to 3 diops of a nmc-houi broth 
suspension of the cbnical strain and diniig in the incubator for three-quarters 
of an hour A squaie is maikcd on the bottom ot the Petii dish with a wax 
pencil or a pen This is the test area The margins sene as control areas 
Spread carefulh oier the square area one oi two drops ot the filtrate to be tested 
and obsen e m the incubator fi om the ninth to the tw entv-fourth hour Between 
these hours it will usualh be found that fiom a few plaques to a complete Ivsis 
or a complete inhibition of the giowih in the squaie has been eftected while a 
luxuriant growth has des eloped orei the control maiinns of the plate 

Second Method One hundred to 500 c c of the first bacteriophage filtrate 
are placed m a sterile Erlenmej er flask. To this is added 1 to 5 c c of a nine- 
hour broth culture of the patient s strain This mixture is allowed to stand at 


room temperature for from three to seien dais at which time a heaiw growth 
■aall be found unless a ven potent bactenophage has dei eloped This mixture 
i^s stenbzed by filtration through a Berkefeld candle The Ph is corrected to 
'8 The giowmg factors are again added (0 4 gm dehydrated bactonutrient 
broth ^Difcol and the fluid is agam inoculated mth 1 to 5 c c of a nine-hour 
broth suspension of the elimcal strain, incubated foi three to scacu days, and 
filtered The Ph is corrected and this procedure repeated until no further 
growth lesults and the fluid remains clear It is then tested foi bactenophage 
aetmty against the clinical strain hi the means described under the first method 

Thrd Method Take 100 e c of the filtrate, add one loop of a broth suspen- 
sion of the clmical strain meubate nine houis The contents of the flask should 
e clear because purposely onh a small feeding has been gii en The flask is now 
ed three times a day On the first day one drop at each feeding, on the second 
t ai three drops, on the third day fi^e drops, on the foiudh dar ten drops This 
e\ elops the poteuci high enough to test for its therapeutic actmti as prei lously 
1 esei died The idea of this method is to present to the dec eloping hacteriophase 
a task it can easily handle in the time allotted , in other words, assuring that the 
acteriopliage mil neier be overwhelmed by too large numbers of B eoli These 
1 rates mav he developed so high that thev will stand high dilution or they may 

( ev eloped once or tmee more on solid media thus eliminatincr the m-cat ev 
cess of protein " ^ 
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Comment on the Methods Picscnicd — The fiist metliod eliminates iiiitiieiit 
bioth fiom the final pioduct The process of iiasliing if caiefully done need le 
move veiv little of the haid cultuie media The degiee of dilution seems sufii- 
cient to pi event unpleasant leactioiis m the laige peicentage of patients The 
second method uecessaiih fnnii&hes a filtiate containing consideiable piotein, 
vliich can be i educed onl}" bj-- diluting the lesulting filtiate Oftentimes the 
lytic poivei IS gieat enough to stand diluting suffieienth to oieicome uudesiiable 
reactions Gieat caie has to be taken to keep the Pn of this filtiate betneen 7 4 
and 7 6 The filtiate seemed by the thud method also contains consideiable 
piotein We ha\e felt that bv the fiequent feeding the Ijdic piinciple has often 
developed moie lapidlv Poi all puiposes ^^c think that methods utilizing haid 
media aie inefeiable because they aie less likelj to contain substances that ma's 
cause leactions and because ve aie moie collect in mtcipicting beneficial le 
- suits as being due to the bacteiiophage 

CONCLUSIONS 

1 Bacteriophage inoculation in colon infections of the iiiinaiy passages is 
an effectn e method of ti eatment 

2 Success 111 ti eatment uitli bacteiiophage depends upon caiefiil indmdual 
adaptation of the bacteiiophage coipuscles to the stiaiu oi sfiains of B coli le 
sponsible foi the infection, and caieful pieiious piepaiation of the patient by 
alkaliiiization and a eontmuaiiee of alkalmization foi some time after the mine 
has become steiile 

3 The comfoit of the patient foUouing bacteiiophage inoculation depends 
on 1 educing the piotein content of the filtiate to the minimum Water cleai fil- 
tiates pioduce little oi no leaetioii Coloied filtiates almost iniaiiably pioduce 
uudesiiable reactions which seem moie likelj to occm in adults than in voimg 
childi en 

4 Recent acute B coli infections aie usuallj quite promptlv terminated bj' 
bacteiiophage inoculation 

5 Chionic B coli infections aie moie lesistant to the action of the bacte 
riophage It is often moie difficult to deielop a satisfactory filtiate foi this tyqic 
of infection 

6 One couise of B coli bacteriophage inoculations does not pieient sub- 
sequent inoculation being effective 

7 Yerv often long standing infections may be teiminated or gieatly ini 
pioved by bacteriophage inoculation 

One IS impiessed witli the feeling that if a bacteiiophage can finally be de- 
veloped that yvill piopeih hse the oiganisra in vitio, steiilization mil occur no 
matter how resistant the strain or how long standing the infection 

9 It appeals that no immunity to subsequent attacks is eonfeiied by hacte- 
iiophage sterilization of the uiinary tiact 

The bibliognphy on the bacteriophage is coinprehensn ely brought up to date in Dr 
D’Herelle’s books, published by WiUnms & Wilkins Compam The senior author wishes to 
egress appreciation of tlie ren careful assistance of Mr Henry Poncher, Mr Kobert Hicks 
and Mr Elmer De Gowin at i arious times during the progress of these observations 
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J^ESPIEATIOX is a fundamental characteristic of life It is the source of 
energy ivhich a cell must ha^ e m order to carry on its complex activities 
Ihe study of cell metabolism may be directed and usualli is toward the kind 
an amount of intermediate or of final cleavage products resulting from the 
ntozat on of carbohydrates, fats proteins or other complexes It mV concern 
e action and nature of the diverse enzymes made by the organism or it mav 
e with the physicochemical conditions within and without the cell which 
underhe all functional manifestations 

Every hying cell respires whether it leads an independent existence or 
e er it IS grouped ivith like cells to form the tissues and organs of hi<»her 

product IS the gaseous CO 2 irrespective as to 
Lav ^ ^ Siren organism hves in the presence or absence of oxygen To 

^ combustion process in which molecular oxvrren 

Itself ^ i^onsidered although the 

II IS by no means as simple as this would imply 

mun r exchange or respiration of microorganisms two 

anah aiailable In one a relatnely large xolume of «as is 

the ®“'^"^\°°-Haldane tj^ie In the other which is essentially mierochemieal 

onm? rbell comparatively rTceit 

unicelh lar ! determine the respiration of tissues as well as that of 

ar organisms such as yeast bacteria, and protozoa 

respuatmn preferred wlieneier it is desired to study the 

_ n a microorganism under larying conditions as regards the com- 

„ tGeoSie'v ^nchigan 

u c WaTch 2s" m?" <^eU^«reU at Gaston Hall Georgetotvn Cn.t.rs.tv 
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position of the medmni and the influence of laijiiig coneentiations of O2, 
COo 01 otliei gases In shoit it is applicable to the actual laboiatorj' conditions 
iiiidei nhich a gnen culture is giomng The test tube culture is the one nhich 
IS eoinnionh used in the laboiatoii aud for that reason it is highly desirable 
to haic definite data as to tlie lelative and absolute ehange that takes place 
nitliin a tube 

The deteiuiination of the gaseous GO2 in the air abo\e the medium does 
not gne the total aniouiit of CO2 foinied It is a nell knomi fact that some 
oiganisins pioduee a consideiable amount of basic products and, if such is the 
ease some of the CO2 mil be fixed by the alkali Tlie estimation of this dis- 
sohed CO2 lequiies a special pioceduie The amount of CO2 thus held in 
solution at times niaj be consideiable It mai vary fiom practicaUj zero to 
as much as 25 or 30 pei cent of the total CO2 The veiy lou lespiiator}^ 
quotients often obtained uitli the Baieioft nianometei and m otliei methods 
vlieie the dissohed COj is neglected ina\ thus in part, be accounted for 

A complete anal3S]s, uliieli includes the estimation of dissolved CO2, 
imohes the destiiiction of the organisms and for that reason it is not possible 
to liaie a count of the nunibei piesent m the eiiltiiie A very rough appiovi- 
niatioii of that luinibei could be made bi counting tlie nuuibei piesent in a 
eontiol cultuie giovn undei like conditions Siinilaih, it uould be possible 
to obtain the v eight of the oiganisnis in a contiol tube Neithei piocedure 
uas attempted 

Foi the reason gnen it uas not possible to detcimine the extent to 11111011 
the gBceiine, glucose or otliei constituents of the medium iieie utilized dining 
the respiratoiv peiiod The data sought and obtained represent theiefore 
meieli the gas exchange eftected bj the giowth of a given organism on a fairl}' 
umforin siiiface area (15 to IS sq cm ) 

The methods emplojed in this investigation have been fullj' described 
elseiiheie ^ It ivas iiecessaii’ foi this studj to devise a manometer vhich vould 
indicate the pressuie changes taking place in the culture tube or jar "Wlien 
it IS desiied to make an analysis, the nianometei -with its attached tube 01 jai 
IS placed on a suitable platfoini and a connection is established with the gas 
bluet Aftei displacement of tlie an in the connecting tube, with mercmv, 
tlie gas in the cultuie tube is dravn into the buret and analyzed 

■\Yhen this analysis has been made, the cultuie tube is taken out and 
aeiated aftei uliich the dissolved CO2 is detei mined The sum of the gaseous 
and dissolved CO2 lepiesents the total CO2 pioduced in a given experiment 
Caihoiuc Acid Ptoduciion — The amount and late of pioduction of this 
gas, undei constant tempeiatiire conditions, laiies mth the oigamsm and with 
the composition of the medium Gnen tlie piesence of a readily utilizable 
substance it is to be expected that multiplication of the oiganisms ivill be 
inci eased, aud hence, an lueieased late and intensiti of the lespiiatoij process 
Some data foi the human tubeicle bacillus aie given in Table I This 
oigamsm does not giov on plain nutiient agai, and hence, the gas exchange 
is ml On seium agai theie is a fan giovdli in tu enty-eight dajs mth the 

F G Roehm H R ind Soule jVI H J Infect Dis 30 109-1G7 1925 
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Table I 

G\s Excuvngf Teii Tlbf of IIlmvn Tihfpcif B\citrLs Grow n \t ’iV' C 

c c AT 0”, 7G0 AIM 



NO PWS 

CO M\I>E 

0 LO'^T 

ro' PispONDiNO AiP 
AOLCMF AT 37° C 

Plain Agar 


1 0 

0 


Glvcerol tgar 

12 

4S 

67 

334 


27 

124 

140 

874 

Glncoae \g'\T 

20 

26 

25 

140 


85 

66 

70 

410 

Sernm Agar 

2S 

21 

23 

135 


produotion of 21 ec of CO 2 The oiganism in this case is utilizing protein 
matter TThen glucose is added to the agar the organism a\ails itself of the 
carbohydrate ivith the result that moic CO. is produced than on the serum agar 
and the groirtli itself is better 

The addition of ghceime to agar or potato is kiionn to be beneficial in 
promoting the groivth of the tubercle bacillus It was originally employed 
inth the yien of preienting the desiccation of the medium during the long 
period of incubation As a mattei of fact re% ealed bj gas analysis the adyant- 
age derived from ghcerine lies in its ready utilization bi the organism as a 
source of energy It mil be seen that the tubercle bacillus gi owing on tins 
medium produced 124 c c of CO 2 in tuentv-seien dais 01 5 to 6 times as much 
as on glucose or serum agar 

For comparison, the gas exchange of the bovine tubercle bacillus is given 
in Table II Here it mil be seen that tins organism grows about ecjuallv well 
on plain agar and on serum agar The amount of CO 2 produced at the end 
of tnentv-eight and fifty-six da vs is approximately the same for the two 
mediums By contrast, mth the human tubercle bacillus the bovine strain 
on the glucose medium gaie in twenti -eight dacs a much higher yield of 
CO 2 , 104 c c as against 26 c c Noteworthy is the fact that this represents 
the masimum development for on further incubation onh a slight increase 
111 CO. resulted (108 c e ) The dissolved CO. at this point amounted to 7 c e 


Table IT 

Gas Exchange Pep Tube of Bomne Tubepcle Bacilli s Gpown at 37° C 
c c AT 0°, 760 IIM 



NO O^TS 

CO ilADE 

0 , LOST 

COPPESPONOTVG AIE 

1 VOLIME iT 37'^ C 

Plain Agar 

28 

21 

1 22 

118 


56 

24 

( 29 

: 170 

Glvcerol Agar 

28 

8P 

ino 

586 


56 

155 

174 i 

1020 

Glucose Agar 

28 

104 

98 



56 

lOS 

105 

616 

Scrum Agir 

2S 

oG 

19 

28 

00 

33 

ns 

193 
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shoinng the picseiice of an appieciable amount of alkab Othei ONiclation 
piodncts nncloiibtedlv, contiibuted to bung about cessation of growth On 
gljceiine agai, although at the end of twenty-eight dajs tlie production of 
CO 2 nas somewhat less than on glucose agai, no inliibition of lespiiation took 
place on fiuthei incubation, and consequently at the end of fifty-six daj^s, 
the cultiue pioduced 155 c c of CO 2 as compaied wuth 108 c e on the glucose 
medium As in the case of the human tubeicle bacillus, the glyceiine agar 
gave the best giowdhs and the maximum gas exchange 

Table III presents a summaij of the lesults obtained with the diphtheiia 
bacillus The CO 2 pioduction at the end of seven and twenty-eight daj's was 
distmctlj higher wuth ghceiine agai than with the other mediums Eien 
moie stiikiiig is the fact that while the production of CO 2 on the plain and 


Table III 

Gas Exchange Per Tube of Diphtheria BAcmiiUS Grown at 37° C c c at 0°, 760 jim 



DATS 

CO "MADE 

0 LOST 

COREESPOmJING AIR 
VOLUME AT 37® C 

Plain Agar 

7 

16 

17 

99 

28 

19 

22 

129 

Gljcerol Agar 

7 

21 

26 

152 


21 

27 

33 

193 

Glucose Agar 

7 

6 

7 

41 

28 

20 

23 

134 

Blood ngar 

7 

18 

19 

111 

1 28 

20 

22 

129 


on serum agai, at the end of twenty-eight dais, was about the same as that of 
the bovine tubeicle bacillus, on glycerine and on glucose agar it was greatly 
inferior Thus, on glucose agar only 20 c c of COj were produced, while 
the bovine tubeicle bacillus produced 108 cc The maximum growth of the 
diphtheria bacillus is attained m a shorter time, and hence respiration is 
retarded eailj Compaied with the tubercle bacillus a relatively small amount 
of energi^ is needed To what extent inhibiting substances play a part in 
this cessation of giowhh is not known 


Table IV 

Gas Exchaxge Per Tube of Glanders Bactllhs Grown at 37° C c c at 0°, 760 mm 



NO DATS 

CO MADE 

0 LOST 

corresponding AIK 
VOLUME AT 37° C 

Plain Agar 

7 

17 

21 

123 

21 

21 

25 

146 

Glycerol Agar 

7 

21 

88 

141 

102 

164 

598 

962 

Glucose Agar 

7 

54 

55 

322 

21 

122 

126 

/ 39 

Blood agar 

7 

21 

38 

38 

i 45 

44 

264 

258 
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The results obtcaiucd rMtli the gl.uulois liacilhis me gruen ni Table 
This particular stiairr grew £anU rroll on pl«un agar and soiircwliat better on 
blood agai On blood agar the nuiMninm CO 2 pioductioii r\as obtained in about 
sereu davs (38 cc ) since tlicie r\as no furllici increase at the end of tnentr- 
one davs On glucose agar tlie CO 2 product lorr rose from rT c c iir seven davs 
to 122 ce m tvTontv-one davs With glvceiiiic agar the gas exchange was even 
more pronounced for the vneld of CO^ vvas 88 c c at the end of seven davs 
and 141 cc nr twentv-oiic davs The utilization of glucose and of glvccrine 
here vvas more pronounced than in the case of the tubeielc bacillus 

The results obtained with a nonpathogenic oiganism the hay baeillus, are 
given m Table Y It niight be expected that a saprophvte would be able to 
utihze freelv proteins as well as carbobvdrates Tins is aetrrallv the case, sinee 

Tvble V 


Gas Exchange Pep Tote or BLay Bacieecs Grows at 32° C cc vt 0°, 7G0 int 



\0 DAYS 

CO M VDE 

0 LOST 

CORPESPONDING AIP 
VOLUME AT BS*’ C 

Plam Agar 

7 

60 

72 

409 


56 

S4 

85 

483 

Glycerol Agar 

7 

76 

S9 

505 

1 

20 

205 

244 

1386 

Glacoso Agar 

7 

74 

62 

352 

Serum Agar 

7 

65 

75 

426 


21 

142 

159 

903 


ni seven days the vield of CO 2 on the four mediums was 65 to 76 c c which is 
consideiahlv higher than the vneld obtained with the other organisms men- 
tioned, vnth the one exception of the glanders baciUus on glycerine agar At 
the end of twenty davs the glveerme agar culture of the liav bacillus wielded 
205 c c of CO 2 which is an unusual value 

The results obtained with the fire bacterial organisms could be extended 
hv the addition of others Thev serve however to show that these organisms 
carry on an active respiration and vueld a considerable though variable amount 
of CO" lu this respect thev differ in nowise from tvpical animal organisms 
the protozoa In Table YI will be found some of the results obtained with 
Trvpanosome, Leishmania and Herpetomonas cultures These organisms were 
grown on glucose blood agai and for that reason the values obtained are not 
ireetlv comparable with those given m the preceding tables It will be seen 
lovrever, that with one exception these protozoa produced 60 to 70 or more 
cc of CO 2 in twenty-one to twentv -eight davs The slight irregnlaritv mav m 
part be due to uneven inoculation of the surface of the medium This vield 
c CO 2 lias greater than that obtained wuth the human tubercle bacillus and 
e diphtheria bacillus on glucose agar 

That the unicellular bacteria and piotozoa respire is evident from the 
ata picsented In this respect thev behave exactlv the same as the cells in 
le complex animal bodv Plant tissues, however are no exception to the 
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Table VI 

Gas E\ch\Isge Per Tube or Some Protozoa Grown in Jars at 31° C oc at 0° C, 7G0 

JiNt , AIoist, Glucose Blood Agar 


ORaA^IS^t 

^0 DATS 

CO. MADE 

0 LOST 

corresponding air 
10LD5IE AT 34° C 

Tr Lewisi 

21 

JO 

03 

352 

L tropics 

21 

59 

03 

352 

L Donoi nil 

28 

62 

65 

363 

L infaptum 

28 

29 

29 

162 

H oneopelti 

28 

72 

75 

419 

H culicjcinrum* 

28 

76 

78 

435 

H cuhcidarum*' 

28 

73 

76 

424 

H hgacorUDi 

28 

58 

01 

340 

H media 

28 

60 

63 

352 

H muscidarnm 

28 

62 

64 

357 

H pan a 

28 

58 

62 

345 


•From Culev pipens 

♦•From Anopheles quRGnmnculatus 

rule as lias been shown by many inAcstigatois As an example may be men- 
tioned the lespuatorj change eairied on by the potato The results of two 
e\periments are gnen in Table VII In these tests stiictly steiile cylinders of 

Table VII 


Gas Exchange Per 10 Graws op Haw Potato at 34° C c c at 0°, 760 mh 





corresponding air 

NO DAYS 

CO MADE 

0 LOST 

X'OLUME AT 34° 0 

3 

70 

69 

396 

10 

94 

96 

552 


raw potato were placed in tubes which were connected with manometers in 
the same waj as the in ease of eultmes Anahses made at the end of three 
and ten daxs gaxe 70 and 94 c c of COr, respectively, calculated per 10 giams 
of potato It may be added that as long as oxygen is present the potato respires 
the same as an aeiohie oiganisra AVlicn the oxygen has been consumed it 
continues to respiie but as an anaerobe 

Oxygen Consumption — The production of COr bx' a cell implies the utiliza- 
tion of OAjgen regal dless of xvliethei that element is deiived fiom the air or 
from compounds iich m oxygen In the case of the aerobic organism it is the 
free oxxgen of the air which is being consumed 

A cursoij inspection of Tables I to VI xnll show' that, as a rule, the volume 
of oxxgen lost oi rather consumed is somewhat largei than that of the COs 
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protUicecl The ilitlcionu' bct^\ecn the Iwo Aohimcs floes not nadicate that 
assimilation oi ictcntioii of oxsgcii h\ the oiganisni lias taken place It 
mereh means that in addition to o\idi7ing caibon the owgen has been used 
to bum Indiogen to watei It might oacii be used to o\idi7e the iiitiogcii 
01 sulphur picscnt in the piotein nlnch is being consunied Oxsgen consump- 
tion m excess of CO.' piodiiction occuis when protein oi ghcenne is being 
utilized 


In the oxidation of a caibolu drate such as glucose CrllieO, the oxigen 
consumption should equal the CO. pioduction The x allies found when the 
organisms are grown on glucose agai oi glucose blood closeh approximate 
tlieon Tliex are usualh a tiifle liigbei and this indicates that the oigamsm 
IS ehieflx oxidizing glucose and onlv to a slight extent piotem matter 

It IS notewortln that the largest consumption of oxxgen occurs when 
these organisms are giown on ghcenne agai This is to be expected consid- 
enng the large amount of CO. pioclviced It meieh means that ghcenne is 
more readih utilized as a somce of cnergx than are the caibobxdiate oi piotein 
constituents of the medium 


The extent to which a gixen substance such as ghcenne is utilized xanes 
^t different organisms Tins fact can be made use of m differentiating 
etiveen closeh- allied species Thus the oxx gen consTimption of B melitcnsis 
tvhen groivn on ghcenne agai is about two-tliirds that of box me B abortus 
an ess than one-lialf that of the porcine strain of B aboitus A somexvliat 
s^ar diffeience m the oxjgen consumption of these three organisms xvas 
0 Served when thex- were grown on glucose agar 

^ Air I olume ^VTitliout analx-tieal data no inference can be draxvn as to the 

supplied to an organism m order to obtain a 
e growth In general it has been supposed that tbeie xvas enough oxx-o-en 

souiP^ to realize that 

orgamsms require a very large volume of air has led to false conclusions 

twehTT ^ tubercle bacillus at the end of 

had f a slight growth had formed on glycerine agar 

which, at 37° C corresponds to 334 c c of air 
stoppered’ tX organism xvonld be obtained in a sealed or 

874 ee mn^t T ^^®^tx--sex en daxs a xolnme of air correspondmg to 
glucose a->ar exb relatixely poorer groxvtbs on serum or 

tllerefore^lmXnTI u 

l^umanorthe hn tubercle bacillus, whether it be the 

A pinhole throu-h m provided 

tor this purpose" """"" sufficient 

>s reflected ‘^°^s'i“Ption of O 2 by the diphtheria bacillus (Table III) 

t'- end of txien agar a 

other mediums On the otlr l T ""^tiire on the 

«t^hzod the oxvgou out of 962 c X aX ' 
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Tlie laigest consumption of oxygen uas noted m connection with the hay 
bacillus (Table V) uhen gioun on ghmciine agai The 244 cc of Oo lost 
eoxiesponds to an an volume of 1386 c c at 32° C The andity of this organ 
ism foi ail is 111 keeping with its sapiophvtic natiiie 

The piotozoa, as shoun in Table VI, uhen groun on glucose blood agai 
consume a faiily laige amount of oxygen 61 to 78 ce, which coiiesponds to 
an an volume of 340 to 435 c c Tins is thiee times as much as the air volume 
utilized by the diphtheiia bacillus when gromi on glucose agar 

Be<ipiiaio>y Quotient — This value is obtained bi dividing the total lolume 
of COn pioduced bi that of the Oo consumed The quotients calculated fiom 
the aiialjdical data given in Tables I to V aie assembled foi convenience in 
Table VIII It should be mentioned that in the tables the decimals of a cubic 


Table VIII 

Eespikatory Quotiexts for Tables I to V 



GLYCERINE AGAR 

GLUCOSE AGAR 

PLMN AGAR 

SERUM AGAR 

Humm Tubercle B 

(12) 0 83 
(27) 0 84 

(20) 104 
(85) 0 94 


(28) 0 91 

Bovine Tubercle B 

(28) 0 89 
(50) 0 89 

(28) 100 
(50) 103 

(28) 0 95 
(50) 0 83 

(28) 0 80 
(50) 0 85 

Diplitlieria B 

(7) 0 81 
(21) 0 82 

(7) 0 80 
(28) 0 87 

(7) 0 94 
(28) 0 80 

(7) 0 94 
(28) 0 91 

Glanders B 

(7) 0 80 
(21) 0 80 

(7) 0 98 
(21) 0 97 

(7) 0 81 
(21) 0 84 

(7) 0 84 
(21) 0 80 

Hi) B 

(7) 0 85 
(20) 0 84 

(7) 119 

(7) 0 91 
(80) 0 88 

(7) 0 80 
(21) 0 89 


•The figures in parenthesis Indicate the age of the cuiture in dnjs 


centimetei wei e omitted and consequentlj* the quotients given in Table VIII are 
only approximate They are, hovever, sufficiently accurate foi the piiipose 
of compaiison 

If an organism giouing on a giten medium such as glyceiine agai, con- 
sumed only gljceiine then the lespiiatoiy quotient should correspond to the 
theoretical value oi 0 857 Smularly, v ith glucose agar the value would be 1 0 
It is obvious, houevei, that an organism ithile utilizing such substances as a 
souiee of eneigy must also make use of other nutiieut compounds such as pro- 
teins and amino acids The lesult is that the observed quotient mai be some- 
what higher oi low'ei than the expected theoretical value 

It wall be seen from Table VIII that the quotients foi the five organisms, 
grown on glycerine agar, approximate the theoretical value of 0 85 Similarly, 
the quotients for the cultures grown on glucose agai appi oach the value of 1 0 
The most marked disci epancj is that piesented bi the diphtheiia baeiUus and 
this would indicate that it makes relativelj lery little use of glucose The gas 
exchange (Table III) due to this organism whethei giown on plain agai, glucose 
agai, or blood agai is much the same 

The quotients obtamed for the cultiiies on plain agai and on serum agar 
are appieciablv higher than the tlieoietical quotient foi protem It must be 
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assumed tliereJore that othci mihstancos haMog a higher qviotient than 0 61 
are undergoing oxidation 

Dcsemug of note is the fact that Aoung and old cultuies of a gnen organ- 
ism Lave cssentialii the same i0'5puatoi\ quotient The ratio of gas exchange, 
as might he expected is the same foi a small niimher of ^ oiiiig cells as for the 
greatlv increased minihci represented hj an old ciiltnie Concenabh, mtli 
old cultures decarboxc lation conUl be expected as a secondare reaction, in 
ivhich ease the quotient nould be higher than at the beginning 

In Tables IX, X and XI are gu en ae crage e allies foi the respiratory cpio- 
tients of these organisms eilien groien on the different mediums The number 

Table IX 


Avebage or CoEPECTED Beal Bespit CTorr Quotients Obtained in J \p Expepiments* 


MEDIUil 

THEOUT 

, tubepcl 

SLMAN 

E BACILLI 

1 bovint: 

Plain agar 

0 81 


0 888 (4) 

Glvcerol agar 

1 0 857 

1 

0 856 (13) 

0 903 (9) 

Glucose ugar 

10 

0 992 (3) 

1036 (3) 

Serum agar 

0 81 

0 904 (3) 

0 852 (4) 


•The figeires in parentliesis glee the number of experiments 


Table X 

Average op Cospjcted Beal Bespieatopt Qcotiexts Obtained in Jap Espeeihents* 



THEOPT 

DIPHTHEPIA B 

GLANDEPS B 

HAT B 

Plain agar 

0 81 

0 921 (4) 

0 841 (5) 

0 912 (10) 

Glvcerol agar 

0 857 

0 802 (4) 

0 859 (4) 

0 843 (8) 

Glucose agar 

10 

0 906 (4) 

0 972 (4) 

1278 (9) 

Serum agar 

0 81 

0 942 (4)1 

0 848 (4)t 

0 874 (8) 

Potato 

10 


1044 (4) 



tSl? ?sures In parenthesis gi\ e the number of experiments 
Tciooa agar used 


Table XI 

tep^ge op Corrected Beal Bespucctobt Quotients Obtain-ed rs- Jap Esperhients 


•The nsurcs in parenUiesis give the number 


Of experiment*- 


MEDIUU 

TR, LEWISI 

L TROPICA 

L IXPANTUAI I 

L. DONOVAN! 

Blood agar 


1 0 875 (4) 

0 868 (4) 

0 862 (4) 

Glvcerol 



1 


Blood agar 



0 791 (2) 

0 832 (2) 




1 




0 951 (3) 

1 

1002 (4) 

0 968 (4) 

ST ot f^otnto 

1 riieorv 1 0 , found 1 006 131 
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m parenthesis folloning each quotient indicates tlie nnmbei of experiments 
made and aieiaged These aieiage lespiiaton quotients can be consideied 
as faiilv acciuate lalues foi the gncn oiganisms i\]ien gionn on the stated 
mediums 

Vatytng Oxygen Concentiationt — tMien an agai tube inoculated ivith an 
aeiohic oiganism is jilaced m a small jai nliich is attached to a manometer it 
mil he evident befoie long that giowfh and lespiiafoii changes aie taking 
place The giouth continues until the manometci shows a constant leading at 
Awhich point the oxtgeu content of the confined aii volume is leduced to zeio 
It follows theiefoze that the oiganism, staiting wuth 20 9 per cent of oxygen 
has been glowing in jii ogi essivmlv' deci easing concentrations of that gas An 
expeiiment such as this does not levcal the effect, if ant, of v'aiving tensions 
of oxjgeii on the inoculum itself This can onlv be aseei tamed hj placing each 
one of seveial tubes m a separate lai into which a definite volume of oxvgen 
IS intioduced An essential condition foi the success of a comparative expeii- 
inent ok this land is that the absolute volume of oxv'gen neeessaij for good 
giovrth shall he piaeticallv' the same in each container This reqiiii ement will 
necessitate inci easing the size of the eontainei with each deci easing tension It 
has been shown that to obtain a good giowth of the tiibeiele bacillus, about 
100 c c of oxvgen must be made available If, theiefoie, it is desiied to have 
coucentiations of oxvgeii coiiesponding to 5, 3, 1, and 0 5 per cent it will 
be necessary to use containeis of 2, 3 3, 10, and 20 liteis capacity to supplv 
the lequisite 100 c c of oxvgen 

Expeiiments made with the tiibeicIe bacillus iiiidei conditions appiosmiat- 
ing those just given levealed the inteiesting fact that the growth of the oigan- 
ism was not pioportioual to the amount of Oo consumed Since each containei 
held about 100 ec of Os and aU of this was consumed, it could be expected 
that the giowth would be quantitatively alike Such was not the case, the 
growth mass deci eased piogiessivelj' with the deci ease in the initial O 2 tension 
111 the lowest tensions theie was lessened multiplication and slowei removal 
of O 2 The final giowth mass in the bottle which originallj had 0 5 per cent 
O 2 , after all the O 2 was consumed, was gicatly inferior to that in the tubes 
which had the initial tensions of 3 or 5 pei cent O 2 

This result appeals to be of considerable significance In the tissues the 
O 2 tension is low and consequently tlie multiplication of the tubeicle bacillus 
is slow Any measiue which would tend to lowei the tension would decrease 
still further the rate of multiplication of the organisms, and thus favor lecoveiv 
of the individual In tubei eiilosis, elimination of physical exeition bj" complete 
lest in bed and abundant feeding conceivably owe their beneficial results to 
a lowei mg of the 0^ tension in the diseased tissue Complete remov^al of O 2 
would cause the ev^entual death of the tubercle baeiUus 

Although oxvgen is essential to aeiobic life jet in concentrations higher 
than that of air, it maj' be injurious Lavoisier was the fiist to point out the 
deleterious effect of pin e oxj gen on animals and this fact has been repeatedlv 
confirmed Of the unicellular organisms, jirotozoa appear to be particnlarlv 
susceptible to high oxjgen concentrations Thus, the development of cultures 
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of Tn-paiiosoma Icwisi is dislnicth inhilntccl lij a conccntiation of 45 per cent 
O 2 or about Umcc that in onlinar\ an Cultures of Leishmania uere found to 
be less sensitne since thc\ "icw pcifccth uell m 50 per cent O 2 but with 
60 per cent OT\gen some c\idencc of inhibition uas noted This uas more 
marked mth 80 per cent and was complete uith 100 pei cent Certain parasitic 
and free In mg protozoa uhen exposed to pure oxxgen under liigli piessurc 
Mere found b\ Cle\ eland to be aetualh killed 

Like the protozoa bacteria show a xarMiig response on exposure to high 
tensions of oxsgen In gencial howexer thex arc consideiablx more resistant 
The glanders bacillus shoxxed no difference 111 groxxtli or gas exchange xxhen 
groxvTi in air and in 99 per cent oxx gen The human and box me strains of the 
tubercle bacillus xvere appaicntlx- stimulated bx tensions of 40 to 60 per cent 
Good croxxlh xvas obtained in 80 and 100 per cent oxx gen but it xvas not 
exenlv distributed oxer the surface Instead isolated hcapecl-up colonies 
developed The organisms outside of these colonies xxcre killed Apparentlv, 
the bacilli in the small masses of the inoculated material xxere protected against 
the injurious effect and xvere able to multiplx xxhereas the isolated bacteria 
xvere destroved It is possible that a perfectly distributed inoculum xvould be 
completelx- inhibited in its groxvth and exen destrox-ed bx exposure to 100 per 
cent 0> All told about six bacteria have been found bx- others to be inhibited 
■v high concentrations of oxj gen but these results are open to the objection 
at soda-lime xvas used in the containers The removal of CO 2 is in itself 
an inhibiting factor 


CO 2 Concent! atwns — 5Vlien an organism is groxxn in a limited 
air xoume the oxx gen is completelx- consumed and is replaced bv 17 to 21 
per cent of CO 2 , depending upon the nature of the substance xvliich is being 
iilized The respiratory quotient for glucose is 1 0 xxhich means that the 
0 ume of CO 2 produced equals that of the O 2 consumed It folloxvs therefore 
protozoa are not inhibited bv such concentrations of CO-> 
tlian mcreased concentrations of CO. is more marked with protozoa 

cent PA Cultures of Trx-panosoma lexxnsi failed to grow m 22 per 

clevelon m 20 pei cent CO. but failed to 

inanm^i trypanosome culture is more sensitixe than Leish- 

wnia to increased concentration of 0. or of CO. 

that concentrations of CO. it is xerx desirable 

jars in t dexelopment This necessitates the use of larger 

JoTer ulrnr^ri?' -e^ed for those xnt 

groxx exen iron aT WoM the tubercle bacillus will 

not as rich !s hoxxever is slow to develop and 

tJous ot CO un to xn concentra- 

xr - r :ra:fir 

m decreased and n<! n u ^ ° respirators- rate 

" obj-oj rasp, hoarser 

■« a««a. «f eo.,cm,ra„„„, CO. ,s of „„ parf.cpj.r s,o„.fiea„ao for 
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it IS conceivable than an oiganism maj giovv in the open an m vvliicli case 
the COo pioducecl would be dissipated about as fast as made and of course the 
tension of CO 2 in the an (0 04 pei cent) would be unaffected Indeed it is pos- 
sible to obtain an excellent growth in an atinospheie in which the tension of 
COo IS apparently nil This fact was brought out in tlie following test a 
glyceiine agar plate, inoculated with the bovine tubeicle bacillus, was placed 
in an inverted position, without the eovei, in a jai thiough which COo fiee an 
was forced at the late of 600 cc per minute foi twenty-one days No CO 2 
could be detected bj biuet analysis and yet a v^eiy iich cultuie developed It 
would be wrong to conclude fiom a test such as this that the organism grew 
in a COo-fiee atmospheie As a mattei of fact the germ grew in a film of 
moisture which was not COo-fice The condition paiallels growth in a broth 
cultuie ovei alkali (Table XIII) 

Complete Removal of CO 2 — A considerablj moie impoitant question is 
the growth of oigauisms in the absence of COj Wlieiry and Em 111 were the 
fiist to show that the tubeicle bacillus failed to grow 111 the presence of alkali 
In other woids the lemoval of CO 2 from a culture resulted in inhibition of 
growth This observation was confiimed and extended by Eockwell and bv 
Valiev and Rettgei The mteipietation of then results, however, was open to 
question, since it seemed that something more was imolved than the mere 
leiuoval of COj from the an and medium It was conceivable that intiaccllular 
COo was an essential in cellular equilibrium, and hence, in the lespiratorv 
process Its complete withdrawal from a cell would tlieiefoie alter the equilib- 
rium and as a consequence lespiration would cease and death result 

Definite evadence of the presence and amount of intiaccllular CO 2 m 
bacteria has been wanting Accoxdingly, tests were made with human and 
bovine tubeicle baeilb, with a saproiilytic tubercle bacillus and wuth the hay 
bacillus The results obtained with the lattei oiganism aie presented in Table 
XII wheie it will be seen that in 1 9 gm of the thoroughly diied cells onlj 
0 2 or 0 32 c c of CO.> was piesent The same amount of cells, in the moist 
washed condition, held 1 72 c c of mtiacellulai CO 2 the major part of which is 
lost by desiccation ov^ei alkali Small as is this amount of CO 2 it ueveitlieless 
appears to be of gieat significance m the vuabibty of the cell 


Table XII 

Total Intracellular CO. ix Wet and Obv B subiilis cc at 0° C, 760 jiv * 


EXPERIMENT NUMBER 

3 

4 

CO. in air control 


0 09 

CO. in washed cells 

144 (5) 

1 72 (5 3) 

CO. in dried cells j 

0 22 (5) 

0 20 (5 3) 

Weight of dried cells 


191 g (5 3) 

CO present 


0 32 


•The figures in pat-entliesls Indicate number of Kouy flasks ou 

Cells dried in N- o\er P and KOH for two and thirteen da>s respectii elj 
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Vliile \mder coitaiii conditions gro%\th c.in be inhibited on the surface of 
a solid medium sudi as agai oi seiuin it is not possible to bring about this 
result with an inoculated bioth This is shown in an espeiiiiieiit the results 
of which are gneii in Table XIIT In tins test the inoculated broth m an open 


TvKLr XIII 


CcLTORE or B SUBTIUS IV GLICEROL BrOTII OmT AEKCLI AST) 0\i:p IVatep* 


TEST NO 

KEPT OVZP 

VLK VU 1 

1 U VTFP 

1 

2 

3 

Inoculated broth 

1 

1 


Gaseous CO 

0 

0 

1 12 

Bissotved CO 

1 04 

1 32 

2 56 

Control 




Bimioculated broth 


1 

1 


Gaseous CO 

0 

1 

0 04 

Dissolved CO 

0 60 

1 

0 8S 


•The figures represent \olume per cent o£ CO 


Petri dish was set m a lai Alkali was placed above and below the culture 
<hsh to remoie the free gaseous CO2 Analvsis showed the absence of CO2 from 
t e ail of the 3ar and \ et a tvpical rich growth dei eloped in the broth Analysis 
0 the broth, howevei, reiealed the piesence of 1 04 and 1 32 volume per cent 
ft) iras able to eftect complete lemoial of CO2 from the air in 

e jar but was not able to do this to the bioth itself The organism conse- 
quentlv was exposed to a eeitain tension of dissolved CO2 although the overlving 
practicallv free of the gaseous form It is evident from this and like 
vat ^ presence of alkali or streaming CO .-free air, even a film of 

wa er will favor multiplication, presumablv bv preventing a rapid loss of intra- 
cellular COo 


win 1 besides a relatnelv diy surface of the solid medium 

the'^ account in experiments designed to test the question of 

mcrlnT , . organisms in the absence of CO2 The nutrient qualitv of the 
IS 0), r ^ determining factor On the ordinarv beef infusion a^^ar it 

pomre toTr^^V" ^^Action of rapidlv growing organisms by ex- 

ence of ati u started wiU be wholly unaffected by the pres- 

fte la)^ period Sr tl '' prolougmg somewhat 

s>de, s^u^h as pro fT Adjustment of the reaction to the acid 

tract agar P° 60 ^ '' completelv inhibited on ex- 

becansSrfurLSr? f orgamsms to be tested is undesirable 

3uickh dried it fnm aiailable nutiient medium ^loreoier, even if 

preferable to use as organisms Hence it is 

or two of tins waLr . suspensions made with distilled water A drop 

spread atom bv a bom^hsrA' » rf “ 

elass rod so as to secure as far as possible perfect distm- 
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bution Tins cannot ahi ays be aeeomphslied and some piling np of cells in min- 
ute masses maj occui Sucb giouping of cells affords mutual protection and as 
a lesult colonies may develop on the medium in the piesence of alkali 

Bj observing the conditions mentioned it is possible to obtain complete in- 
hibition of groirth 11 hen the inoculated medium is exposed to the action of an 
absorbent An alkali, houever, is not necessaiy foi the same result can be se- 
cured by exposure to a iaige volume of Nj, as in an autoclave, or to streaming 
nitrogen, or to streaming COa-fiee an , or in a vacuum 

Inhibition of gi oudh, houexer, is not the most significant fact arrived at by 
these tests If, after a given exposuie, the plate is taken out of the apparatus 
and set aside in the incubatoi, it mil be found that rapid destruction of the 
organism has taken place 

This reduction in viability mil be noted in Table XIV In these experi- 
ments the hay bacillus uas exposed, over alkali, in nitiogen No visible growth 
developed But uhen removed and incubated in the an, after an exposure of 
four hours, the plate showed an appreciable deciease in the number of colonies 
as compared ivith the control plate The reduction was \eiy marked at the end 
of eight hours and after 12 horns was nearly complete 


Table XIV 

Keduction in Viability of B subtilis by Exposuhe of Iuocolateb Plates m N Oyek. 

Alkali at 33” 0 * 


O^EB ALKALI IN K , 

THEN CHANGED TO 0\ER ■WATER IN 4IR 
PLATES OAtE 

Hours 


4 (2) 

100 colonics each 

8 (2) 

4 'Uid 7 colonies 

12 (3) 

! 0, 2 and 4 colonies 

24 (3) 

0 (2) and 3 colonies 

36 (7) 

0 (6) and 2 colonies 


'The fiffures in pTrenUiesls indicate the number of tests 
Control plates developed SOO or more colonies 


The same result was obtained with plates exposed to streaming nitrogen oi 
to a lacnum wuthout the presence of alkali, as sliowm m Table XV The same 
is true when streaming COn-free air is used 


Table XV 

Bebuction il Viability of B subtilis by Exposure of Inooulated Plates in Nitrogen 

OR IN Vacuum at 33° C * 


1 

i 

HOUKS 

THEN CHANGED 5 0 Ain OVER WATER 
OA>E 

In streaming nitrogen 

8 (2) 

130 colonies 


12 (2) 

100 colonies 

i 

24 (2) 

0, 3 colonies 

In continuous vacuum 

8 (2) 

100 200 colonies 


12 (2) 

50 70 colonies 


24 (6) 

0 18 colonies 


•The figures In parenthesis Indicate number of tests 
Control plates de\eloped 800 or more colonies 
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In considering tlic cficct o£ moisture, an cvpeinnent iias eitcd in wliicli 
COo free air, streaming at tlic rate o£ 600 c c pci minute, failed to inhibit the 
grovrtli o£ the tiiherelc bacillus The same A\as tiuc foi other organisms tested 
in hke inamicr It became CAidcnt that the effect, i£ anj of a stream of COc-free 
air could onh be obtained bv passing it diicctU OAcr the inoculated surface 
The Petn plates nere theiefore discaided and instead Kitasato flasks Mere used 
This modification gaic at once the expected icsults 


Table XVI 

I'vEiBi’no'r AM) Desteuctioa or B slbtilis ix Streaming CO Fpee Am, Kitasato Flasks, 
Extract Aoat, Fn 6 0, 37° C Aekobic Growth in Slow Stream 
P roTECTiiE Action or CO 




CO rpEF Air 

CO FPEE AlP 

PITE OF TLOW 

C C PEP MlN 

EXPOSUEE 

HOCPS 

PPTMAPT 

COLOMES 

then PL iced 

IN AlP 35° C 

43 HRS 

■r3 CO 
GRO'prTn 

200 

12 

0 

7 

rich 

200 

24 

0 

0 

^ rich 

100 

i 1 

1 

0 


50 ' 

24 

0 

0 


23 

48 

0 

0 


10 

48 

0 

0 


4 

48 

0 

0 


1 

24 

^ like control 

like control 



The control platen had 200 or more colonies 

colonies -which des eloped during the e-eposure period are designated as pnmai-i 
total number of colonies present on the plate after incubation in ordinarr air in 
ttlcates the number of sur^'l^als 


Table XVI tvhieli shows the effect on the hav bacillus is illustrative of the 
results obtained tnth a number of other organisms "Vith the COs-free air 
streaming at the rate of 200 c c per minute there was complete inhibition and 
the flask which was thus treated for twelte hours on subsequent incubation gave 
onh 7 colonies, while that which was exposed for tw'entv-four hours gave none 
Practicallv all of the organisms were therefore tailed m less than twelve hours 
e presence of onlv 7 colomes m one case is prohablv due to the almost un- 
aroidahle grouping of cells in the pioeess of spreading A massing of this kind 
"as responsible, without doubt, for the presence of 1 primary colony in the flask 
aerated at the rate of 100 c c per minute 

P' dmdmg the current of COo-free air, it is possible to run duplicate tests 
or, what is better, to introduce into one branch a slow stream of CO 2 As shown 
VI able XVT, the restitution of COj to the mam stream of COc-free air resulted 
JR a ndi growth the same as in a control flask kept m the room The rate of flow 
^as t le same through both flasks In the one which received COs-free air there 
ras no growth and death resulted In the other flask through which passed the 
air plus 3 per cent CO 2 there was a rich growth 
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A stiikmg demonstration of the effect of absence oi piesence of CO 2 ■\\as ob- 
tained Mith the human and boAnne tnbeicle bacilli, a\ I nch A\eie tested side bA side 
A giound up suspension in distilled Aiatci of these oiganisms as as spiead over 
the preA lously dried sui face of infusion agai Pii 7 4 in Kitasato flasks The 
rate of Aoaa A\as 100 cc pei minute The flasks through A\hich streamed CO2- 
fiee air plus the addition of 6 pci cent CO 2 , at the end of tu enty-eight dajs 
shoAAcd solid gioAAths CA’en iichei than an ordinarA’ control On tlie other hand, 
the flasks thiough aaIucIi onh' C02-fiee air passed shoiied no CAudence of groiidh 
at the end of Iaa enty-eight daj s Tlie 3 ’ a\ ei e then disconnected and set aside in 
the ineubatoi at 37° C foi one bundled tAveh’e daA’^s but no sign of gioivth ap- 
peared Total destruction of the tA\o stiains of tubercle bacilli Avas biought 
about bj' the sti earning C02-fiee an 

The high speed of aeiation alone A\as not lesponsible for the destructive ef- 
fect As sliOAi 11 in Table XVI the 1 eduction of tlie speed to 4 c e pei minute 
gaie the same lesult, aiz, destiuetion of the oiganism With a speed of 2 or 
3 cc pel minute maiiA' piiinaij colonies dCA'eloped and on subsequent incuba- 
tion the gioArtli became the same as on tlie eontiol plate, shouing tliat no destruc- 
tion took place With a speed of 1 c e pei minute tlie flask developed a grovdli 
like that of the contiol Incidentallj' it raaj' be stated that in a similai slow 
stream of purified COo-free nitiogeii the haj and the typhoid bacillus grev as 
facultatiA e anaerobes 

It IS evident therefore that gioAith can and does take place 111 a slow stieam 
of COo-fiee air This lesiilt is to be e\pected if it is supposed that the obseiA'ed 
injiuious effects aie due to the depletion of intracellular CO2 In a lapid 
stieam the organism is losing its leseiA'c of this gas faster than it is being made, 
Avhereas in a sufficiently slow stieam AihatcAei loss occurs bA diftusion through 
the cell AAall is oaci compensated bj the lespiiatoi}' piocess Hence the noiinal 
intracelhdar equilibiium is maintained and gioA\th lesults 

It has been held that CO2 A\as utilized as a food and that the failure of 
organisms to groAA on plates CAposed to alkali was due to the remoA'al of CO2 
from the medium This aucaa, howcAei, is not supported bA' expeiimental facts 
Thus, if an uninoculated agai plate is kept oaci alkali foi tAienty foui to forty- 
eight houis it should be rendeied fiee of the supposedlA nntiient CO2 and eon- 
sequentty Avould become a poor medium for gio"th ^^gain, if thiough an un- 
inoeulated Kitasato flask a stream of C02-fiee an (100 c c pei minute) is passed 
for tAA'O to thiee daj's it hkewise should be made unfaAorable as a culture 
medium But 111 eithei case, aftei the exposuie mentioned, if the medium is 
quicklj inoculated and at once subjected to a slow stream of C 02 -fiee an (1 to 
2 c e pel minute) groAvth lesults the same as on a contiol 

Clearlj, it is not the medium aaIiicIi is affected bj exposuie to an absorbent 
01 to a rapid stream of C02-free an The leasoiiable conclusion to be draivn is 
that these agents deprne the inoculated oiganism of an essential constituent, 
VIZ , inti acellular CO2 

It IS Aiell knoAATi that some oiganisms, such as the bovine strain of B abor- 
tus, do not readity groAA in the pnmaiy isolation unless some CO2 is introduced 
into the culture jar The explanation of this peculiar behaAuor, in the light of 
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these studies is that the oifranisin on icmo\.il from tlie both loses a considerable 
amount of its mtiaccllular CO. and its groiitli is thcreb} letardcd Tins loss 
IS compensated bi placing the inoculated tubes under increased CO2 tcn‘iion, and 
as a result good growth takes place 

The fact that a rapid stream of CO.-ficc an or nitrogen, or exposure to an 
absorbent destrois organisms ean peihaps be utilized to distinguish between the 
IiTing cell and nonliMiig inanimate niattci Foi example the question of the 
nature of the bacteriophage has been much discussed If it be a Imng organism 
it should be killed hr exposure to conditions which eftect rcraoi al of intracellular 
CO2 A nonlumg chemical substance an enziTuc for example might be ex- 
pected to withstand such conditions In the tests which ha\e been made thus 
far it has not been possible to dccieasc or destioi the bacteriophage by COa-free 
air Tins fact speaks against the mcw that the hdie principle is a Imng organ- 
ism Further work howecer is necessary before a final conclusion ean be drawn 


scxruARi' 

Bv means of exact methods it has been possible to determine the extent of 
gas exchange for a numbei of bacteria and protozoa Resquration is an essential 
characteristic of living matter, and m the ease of aerobic organisms it is evi- 
denced bv the consumption of oxxgen and the elimination of CO2 The rate and 
infensiti of this change vanes -with the composition of the medium and the kind 
of organism The respiratorj' cpiotients m general approach the theoretical 
values The effect of varnng concentrations ot oxygen and of carbon dioxide 
areshoivn The reduction or removal of intracellular carbon dioxide results m 
the death of the cell and this fact perhaps mav be used in determining the nature 
of the so called filtrable vnruses 



A COiilPAIlATIVE STATISTICAL STUDY OP THE FREQUENCY OP 
ASYMPTOaiATIC RING^YORJI AS OCCURRING IN THE MORE COMMON 

CUTANEOUS AFFECTIONS® 


Albfrt Strickler, iM D , v>,d Ruj»h P Zai atel, M D Phil vdelphia. Pa 

I ''HIS estigatiou has a Ihieefokl puijiose an evaluation of the disputed 
micioseopic foims ot imgnoim hv pomv eetes , demonstration of some possible 
lelationship between asv'mptomatic iingwoim infection and eeitain of the com 
mon deimatoses, and lending iinthoi suppoit to the potential possibilities of the 
silent (asmiptomatic) foim of m3’^cotic infections of the feet as a causative factor 
in the piodiictioii of cutaneous disease The lack of appieciation of the im- 
portance of this pioblem piobablv lests upon the skepticism concerning the 
pathogenicity of some of the foims of iingwoim lungi found in the silent tipe 
doubt as to the tiiie iiatuie of the “mosaic” tv pc of nngvvoim liv'pomv cetes , be- 
Iittlement of the conipaiativelv insignificant lesions of asjmiptomatie epidermo- 
phytosis, and failiiie ot leahzatioii that the lesions of the silent tvpe mav' assume 
active (sjTnptomatie) foim 

Both the clinician and the laboiatoiv vvoikei have attempted to define defi- 
nitely the status of tins pioblem The clinician, with full lealization of the fre 
quency with which fungi (the iingwoim hjpomvcetes) are etiologicaUv re 
sponsible for vesiculai and squamous eiuptions of the hands and feet, has not 
failed to take into eoiisideiation the causative possibilities of the vaiions occupa- 
tions (“Occupational dj sliidrosifoi m deimatitis of Daiiei”!, as well as the in 
fluenee of disfunctions of the svmpathctic ncivous svstem in the production of 
eruptions closel} simulating those caused bv the iingwoim liyponiycetes The 
laboiatoiv' has showui that vmasts and even cocci mav beai an etiologic lelatioii- 
ship to cutaneous lesions similai to those pioduced bv luigwoim fungi 

As the “mosaic” spoies aie fieqiientlv eiicouiiteied in micioseopic piepaia- 
tions of epidermal tissues of as3’mptomatic epideimophjdosis, then exact status 
becomes a matter of gieatest importance Beckei and Ritchie believe that the 
“mosaic” type lepiesents a collection of oiganic mateiial which may icsult fiom 
inflammatoij^ changes in the tissues These aiithois vveie able to pioduee foims 
simulating the “mosaic” configuiations through admixtme of potassium 
hj^di oxide and olive oil, but the double contoui was lacking P Weidman con 
eludes that he does not believe all of the mosaic forms to be true forms of tiuigus 
Greenwood and Roekwood, howevmi, aie convinced of “the identity of the some- 
what bizaire, degeneiate ‘mosaic’ foim with the usual actively growing mj'ce 
hum ” They were able to demonstrate the contniiiitj of these forms with noi- 
mal mycelium in the same scale 

G M hlacKee and G hi Lewis in a recent contribution entitled, 
“Keratolysis Exfoliativa and the Slosaie Fungus,” considei the question of the 
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rmQiLN'c\ or vs-iMrTOMATic nixG\sonM 

"mosaic” iiiiigi at sioat leiicth and the foUoMin- aie tlie most important of 
their conclusions 

1 The "mosaic fungus is fieqncnth demonstrated m saiious tspes ot 
derraatomi coses in association iiifh accepted foims of patliogonic fungi 

2 “^Mosaic’ fungi aie larch demonstrated in diseases other than the con- 
ventional derniatoniv coses oi derniatophitid of the hands and feet 

3 Pathogenic groii-ths have been cultivated in a few instances from the 
scales and Tesicular tops of iingworm lesions when onK mosaic forms could 
be demonstrated in extempoi ancons prepaiations 

4 Artifieiallv produced blisters gave negatiie lesults foi fungus, excepting 
in locations iisiiallv piedisposed to dermatome coses with the patients giving 



1 — ‘Mjcelia found in epidermal tissue of \esicle before treatment January 21 1931 

either the historv of a prevnous attack of dermatomv cosis or of a fungus focus 
located either on the hands, feet, or between the toes 

0 Use of zvlene preparations and the absence of the ‘ ‘ mosaic ’ forms in the 
fatti scales of seborrhea seem to disprove that tliese forms are artifacts the re- 
sult of chemical union of fat globules with potash solutions 

6 If a case of dermatomvcosis is examined repeatedlv for a long while, the 
conventional hvphac mav be found at one time the "mosaic” form at another, or 
both mav be found in the same specimen 

In this connection the following clinical and laboratorv observations of one 
of us (A S ) are worthv of record 

^I G consulted (A 1 for a skm conchtion involving the palms and fingers 
ot both hands , duration nine months The skin was thickened fissured, scalv 
and presented a picture considered tvpical of eczema squamosum Repeated ex- 
amination of the scales icmoved from the hand lesions proved negative for fungi 




. , Hie patholos’, ''■“'^ l t,„n ot *» “>"‘’'',v Heatment tV 

Tlie ieet A«“ ''"“,"a^m.c.oscop.c - 

sxirf ace of tf^e o,,ly ‘ ‘ laosaic sp noimaf , a lesions 

the feet lesions slion d ed ^ .veefe 

T .x!a togetl^e^ ivitli latlie 

t^e a^:-! flie P— °* ^ 

r * 
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1 yST presented as pal big "^"fj-nvosaic” spa^^" 

” V>' ot * 
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Saboviiaud s media accoidni" to tlic usual teehme Di llalph P Zalatd, 
Pathologist ot The Skin and Cancel Hospital of Pliiladelplna was lesponsihle 
for the cultuial findings 

Analysis of the data ohtaniod in this imestmation iiistif\ the following 
statements 

Onehundied and eighh-fiic patients weic oxaninicd, and out of this num- 
ber, 92, or a trifle o\ci 49 pei cent weic positi\e for tungi on e\tempoianeous 
examination while 93 oi a poition oxoi 50 pei cent weic negatne Onh m 4 
instances, oi in a little oiei 2 pei cent was it possible to obtain a txpieal ring- 
worm growth on Sabouiaud s media 


The last phase ot this nuestisation, an attempt to associate asx-mptomatic 
epideimophrtosis with one oi anothei ot the inoie common deimatoses is heie 
presented with the following results 

Portr-fice patients xnth acne xiilgaiis were examined for ringworm fungus 
infection of the feet Their ages langccl fiom thiiteen to twentx-niiie rears Of 
this number, 27 oi 60 pei cent showed negatne microscopic findings for fungi 
while 18, or 40 pei cent pioced positne Epideimal material from the inter- 
spaces of all of the 45 patients were cultured on ‘kaboinaud s media and m only 
one instance was a typical ringworm fungus giowth obtained Scaliness of the 
interspaces was present in all cases, except in one instance where the interspaces 
appeared to be apparently normal Exfoliation was an additional feature m 28 
out of 45 patients studied In the 27 negatne fungus cases, 14 showed imohe- 
nrent of one to three interspaces and 1 5 cases show ed ini oh ement of all the inter- 
spaces Ot the 18 positive cases, 9 showed iin oh ement of one to three inter- 
spaces and 9 showed im oh ement of all interspaces 

Pom-teen patients with eczema were studied , 5 ot the x esicular i aiiety 6 of 
loe papulo-sqnamous txpe and in 3 instances the type was not gnen Of this 
number, 3 or 22 per cent were found positne on microscopic fun<nis ex- 

menTof Tn 14 Patients, 7 showed invohe- 

in all nf interspaces Scaliness was present 

the patients with eczema Exfoliation was found m onlv 7 instances 
len patients with seborrheic dermatitis were studied as follows 

d or oO pel cent negatne Specimens of aU the 10 cases cultured on 
Sabouraud’s media failed to gixe a positne result In 6 instances alUhTmter 

mterspaces' of the 


f fhe following 29 patients with demna- 

lol; orrhea , o with psoiiasis 6 wuth herpes, 4 with urticaria 4 

ulcerr ’4 cutaneous pus afiections, 5 wnth Wneose 

with piiintus, 4 with alopecia, 3 with tertiarv smhihs fi tu 

^.yiousn-^,esofchstropln-oftheskm,3withmiliaiia 3 wuth bel!n , 

lo with bemgn and malignant skin Uimors 

Tins senes constituted 110 patients and of this number 5l jr < 

-- nncioseop.ealh negatne foi rimrworm fungi and 57 or 51 8 pe' eem pt! 
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tive Only two of this group (1 S pei cent) gaie positne cultuies on Sabomaiid's 
media 

Indmdual statistics of the inoie piominent cutaneous affections included in 
the above aie shoivn in Table I 


Tadie 1 


^AMF 

NO 01 

PATIFNTS 

PER CENT OP POSITUF 

■\riCROSCOPIC FUNGUS FINDINGS 

PER CENT OF NEGATIVE 
vnCKOSCOPIC FUNGUS IINDINGS 

•Dermatitis 

30 


44 8 

Seborrhea 
Psoriasis and 

J 

40 

CO 

Lichen Planus 

S 

12 

S7 *> 

Scabies 

4 

aO 

50 

Varicose Ulcers 

5 

20 

80 

Tumors 

n 

03 13^ 

40 oo: 

Pus affections 

10 

CO 

40 


•In one case of dermatitis a iiositHe culture on Sabouraud s media «as obtained 


RESUME 

1 One bundled and eight\-fi\e patients siiflfeiing fiom tarious shin affec- 
tions were examined foi the presence of iingwoim fungi m the inteispaees ot 
the feet, both the extempoiaiieous method and bv cultuie on Sabouraiid’s 
media 

2 Of this number, 92 oi 49 pei cent veie pioied positne foi fungi on mic- 
loseopie examination and 93 oi 51 pei cent negative 

3 Onlj' 111 4 instances oi 2 pei cent could a positne iingwoim giowth be 
obtauied on Sabouiaud’s media 

4 Foity-fi\e patients with acne luilgaiis iveie studied Of this niimbei, 2i 
01 60 pel cent were negatne for fungi bi the extemporaneous method, while IS 
01 40 pel cent weie positive Out of the 45, thcie was only one case which gaie a 
positive iingworm giow'th on Sabouiaud’s media 

5 Fourteen patients with ee7ema w'eie studied with the followung results 
Three oi 22 pei cent were positive foi fungi bv the microscopic method and 11 
01 78 pel cent were negatne All failed to gne a iingworm giowth on 
Sabouraud’s media 

Eight patients wnth either psoiiasis oi lichen planus weie studied, and of 
this number 12 5 per cent showed positne micioscopic findings and 87 5 negative 
lesults 

6 Ten patients wnth seboiiheic deiinatitis weie examined Of tins num- 
ber 5 01 50 per cent weie positne foi fungi by micioscopic examination and 5 or 
50 per cent negative All failed to yield positne cultuies on Sabouiaud s media 

7 Patients with vaiious forms of deimatitis, scabies oi tiiniois show'ed about 
an equal piopoition of positive and negative micioscopic findings 

8 AYhde the geneial aveiage of positive fungus findings bj microscopic ex 
ammation was 49 pel cent for the entne senes, tlie eczema group onli yielded 
20 pel cent positne lesults, acne nilgai is 40 per cent, but the seboirheic deraia- 
titis gioup gaie 50 per cent positive Although this senes is lathei small upon 
which to base definite conclusions, it wmuld appeal that the eczema patients seem 
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to ofter the least fasorablc soil ioi as\ niptomatic cpiclermoplntosis aocl sehoi- 
rheic dermatitis patients the most fa\orable cninonnient 

9 Statistical st^ld^ of the fiequcnej of asimptomatic mACOsis of the feet 
IS well recognired HoMe\er, doubt as to the pathogenlClt^ of the imgi’oini 
fungi encountered in this aftection still icmains This iniestigation is an at- 
tempt to show that these fungi tin ough then abiliti to grow m faiorable cultuie 
media outside the bodi probabh possess potential poi^cis of assuming the same 
role m the human skm when conditions become faiorable Since it was found 
impractical to fulfill all of Koch s postulates paiticularly reinfection of human 
beings with ringworm fungi this work was not carried on bei ond the attempt to 
culture on Sabouraud s media 

10 An important lesson to be diawm fiom this paper is the need foi a test, 
cutaneous or otherwise, tlirough which the potential, latent pathogenic poweis 
of the fungi of asnnptomatie ringworm fungus infection could be determined 
By such a method it would also be possible to leconcile the discrepancies between 
the cultural and microscopic findings of asymptomatic mvcosis 



CARBOHYDRATE IN THE TREATMENT OF POSTOPERATIVE 
TETANY, WITH SPECIAL REFERENCE TO LACTOSE^ 


By E Perr\ JIcCuEiiVGu, M D , and D Roy McCullagh, Ph D , 

Clcvedand, Ohio 


'T^HB usual methods of tieatment of postopeiatne tetany are not entirely sat- 
■A isfactory To any who haie expeiieneed the difficulties in the manasrement 
of this condition, the need of simpler effecti\e raeasnies is appaieiit The oral 
administration of calcium, even in large doses, is not alwai s sufficient to control 
the symptoms, and lepeated injections of it ovei long peiiods is undesiiable or 
impossible Injections of paiathjwoid e\tiact alone oi in addition to calcium 
may be effectual, but are mcomenient and expensne Methods aie lepoited 
heie for the control of phosphate metabolism to an extent that mil afford dis- 
tinct benefit to patients sufteiing fiom this disease 


SERUM CALCIUM 

The best-knoun and peihaiis the most satisfactory single ciiteiion by which 
the seieiity of parathjuoid tetaiij niaj be judged is the degiee of depression of 
the level of total serum calcium Examination of a laige series of seiiim calciniii 
levels m tetauy makes the fact appaient, lioueiei, that the smiptoms do not 
necessarily parallel the total calcium leiels This confiims the opinion of Johii^ 
It IS luioiin that the total serum calcium can be raised and fiequentlj^' 
brought to noimal in tetany bj the feeding of laige doses of calcium In some 
of our eases the sjnnptoms vcie not conti oiled bi these measures, and their 
seventy uas thought to be out of piopoition to the calcium level This was 
especially sinking since a patient might be sjmptom-fiee mth a certain calcium 
level on one day, uhile on auothei occasion, although the serum calcium iias at 
the same height, sjmptoms might be present Abnoimallv high lei els of blood 
phosphates accompanied neailj^ noimal calcium values in some of these cases 


BLOOD INOPGANIC PHOSPHATES 


Ver Ecke= in 1898 noted a lessened phosphate excretion in the urine in 
tetanj’^ This has leceived ample confirmation bj' Sahasen,^ Greenwald,'* and 
otheis, and it is now leeognized that one of the constant features of parathyroid 
tetany is phosphate letentioii Fuitheimoie, tetany has been pioduced experi- 
mentallj" by feeding phosphates ® The jihosphatc letention in tetanj usually is 
associated with a distinct use of blood pliosphates, the coneentiation of which 
partially governs the seventy of the sjunptoms This is definitely indicated by 
the observations lepoited here and bj a leneu of the literature Pionouneed 
mitigation of sjnnptoms aceompaniing a fall in blood phosphates has been oh 
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served and simnltanooush the ncuronniseular electrical e\citabilitv approaches 
normal 

Calcium phosphate is a relativcU insoluble compouncl It lias been stated 
that the blood is supersaturated vMtli this salt*' This has been questioned, ’ 
but it is certain that it approaches the saturation level Under these conditions, 
it might be expected that a decrease in blood phosphates n ould result in an in- 
crease in serum calcium ” It has been observ ed more f requentlr in those studies, 
however, that there is a slight fall in total serum calcium accompanjung the fall 
in blood phosphates It is possible that the relief of symptoms associated with 
this fall in phosphates is the result of an increase in the percentage of calcium 
ionized It is also possible that the decrease in phosphates independently de- 
creases neuromuscular excitability 

RELATION OF CARBOHYDRATES TO BLOOD PHOSPHATES 
At the beginning of tbis century it nas generally accepted that phosphate 
metabolism was not normal in diabetes mellitus Since that tune inten- 

sive studv has demonstrated an extraordinarilv close relationship between carbo- 
hvdrate and phosphate metabolism Harrop and Benedict^- showed that in 
normal glucose-tolerance cuiwes, the level of blood phosphate fell, the low point 
of the phosphate eurv e being subsequent to the highest glucose level They be- 
lieved that phosphates are utilized temporarily during the transference of glu- 
cose from, the blood This has been corroborated by manv writers 

It has been shown that in dogs suffering from tetany, the svmptoms are 
more pronounced on a meat than on a carbohvdrate diet Dragstedt'" states 
that dogs with tetanv lived longer when fed milk, white bread, and lactose than 
the usual survival period for thyioparathvuoidectomized dogs In spite of in- 
sufficient evidence, his conclusions appear to be correct Blood studies were not 
made m lus senes, and the improvement was considered to be the result of 
changes in the gut That the Dragstedt diet is beneficial m tetany has received 
confirmation Inouye’® and Frank, Haring, and Kuhnaui® also contend that the 
beneficial effect of lactose is due to changes m the intestinal tract since paren- 
teral administration is not effective This conclusion is not completelv justifi- 
able, for lactose is not absorbed as such but is first bvdrolized, with the forma- 
tion of glucose and galactose Hvclrolvsis takes place onlv to a small extent 
owever, if tfie lactose is given intrav enouslv 

Dragstedt believed that benefit was obtained in tetany by a diet of white 
bread, milk, and lactose because tins diet prevented the absorption of toxic sub- 
stances Sahasen® criticizes Dragstedt s work, and in an excellent treatise pre- 
sents evidence to prov e that the entire benefit of milk is produced bv its caleinm 
content He makes little comment on the effect of milk on blood phosphates 
- Ithongh there is no question that calcium is essential, the studies herein re- 
ported make it apparent that the efficaev of this diet is partlv attributable to its 
cncct on phosphate metabolism 

In studv mg carbohvdiate metabolism m paiathiYoideetomized dons, 
ecd-' found that not onlv ingestion but also injection of dextrose tends to al- 
ev late symptoms of tetanv, causing a decrease in inorganic phosphates and a less 
pronounced decrease m calcium 
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THE OBJECT OF THE STUDY 

From the preceding statements it is apparent that an inci ease m the lei el 
of inorganic phosphates in the blood maj be closely associated iiith the produc 
tion of sjonptoms in tetany A fall in inoiganie phosphates maj^ cause allevia- 
tion of sjTnptoms, even though it is not accompanied bj’’ a rise in serum calcium 
The object of this studj^ i\as to find theiapeutic measures -Hhich uould loivei 
the abnormally high level of blood phosphates, \ntli the expectation that clinical 
improvement of tlie patient ivould lesult Since there is such an intimate re- 
lationship between caibohydiate and phosphate metabolism, it seemed possible 
that the level of blood phosphates in tetany might be governed by the proper 
regulation of carbohjdrate assimilation 



Chart 1 


Table I 

Effect of Glucose on Normal Individuals 


TiarE m hours 

PASTING 

V. 

■ 



4 

Case 224731 

Sugar, mg per 100 c c Tvhole blood 

83 

155 

154 

119 

52 

75 

Phosphate, mg per 100 c c whole hlood 

3 22 

2 77 

3 09 

2 40 

o 97 

1 "" 

3 25 

Case K C 

Sugar, mg per 100 c c "wliole blood 

79 

86 

111 

63 

54 

53 

Phosphate mg per 100 c c whole blood 

3 64 

3 07 

3 31 

2 58 

2 31 

2 78 

Case L H 

Sugar, mg per 100 c c whole blood 

1 

1 

i 99 

113 

115 

88 

90 

90 

Phosphate, mg per 100 c c whole blood 

3 28 

2 23 

2 57 

2 25 

2 34 

2 50 
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EFFECT OF GEECOSE ON BLOOD PIIOSPIIATCS IN NORltAL INDUNDUALS 

In Table I and Cliart 1 are gi\en results vliich confirm the finding that in- 
organic phosphate disappears from the blood after the administration of glucose 
m normal induiduals 

The technic emplo^cd is as follows A specimen of lenous blood ivas ob- 
tamed after the patient had been without food for twelve to fourteen hours 
One hundred grams of glucose v ere fed, and samples of i enous blood v ere ob- 
tained at internals of half an hour and one, tno, three, and four hours, respec- 
tively, after the administration of the glucose Blood sugar and phosphate esti- 
mations were made on each sample of blood Blood sugar was estimated by the 
method of Hagedorn and Jensen -- Phosphates were measured bv the colon- 
metne procedure of Kuttner and Cohen-^ (Table I, Chart 1) 

An cvamination of these results demonstrates that the lonest point on the 
phosphate curve usualh appears later than the highest point of the sugar cum e 
J'ot infrequently the phosphates return to the normal fasting level before the 
end of four hours 

effect of GLUCOSE ON BLOOD PHOSPHATE, SERUM CALCIUM, \ND NEUPOMUSCULAR 
EXCITABILITY IN CHRONIC PARATHYROID TET VNY 

The method used was the same as that described above, with the following 
additions 

Serum calcium determmations according to the Clark and CoUip-* modifi- 
cation of the Kramer and Tisdall method were made on the fasting specimen 
and on two of the other specimens The electrical neuromuscular excitabihty 
(Erb’s sign) was measured immediately before obtaining each specimen of 
blood The procedure was as follows 
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One of the patient’s hands nas placed on a laige moist electiode connected 
to the anode of a ciicuit thiongh iihieh a laiiable dnect cunent could be passed 
The cathode consisted of a small metallic teiimiial coveied iiitli i\et chamois 
The sluu ovei the median neivc at the iinst on the opposite side iias moistened, 
and the electiode iias applied The ciiciiit iioiild be closed oi opened bi means 
of a small snitch neai the cathode The amount of cm lent i mining' thiongh the 
circuit was lead fiom a milliammetei In each case the cuiient i\as giadualli in- 
ci eased until a point i\as reached iihen, on closing the snitch leading to tlie 
cathode, a conti action could be noted in the hand The iinmbei of milliampeies 
iiecessaiv to produce the conti action nas called the cathode dosing eoiiti action 
(K C C ) A deciease in this figuie lepiesents an inei eased iriitabiliti 



The patients on nhom the folloniug studies neie made dei eloped ehionie 
parath 3 'roid tetanj’’ folloning tJiju oidectomj' In each ease Tiousseau’s, Eib’s 
and Chvostek’s signs neie piesent, the lattei only at times Abnoimalh low 
blood calcium and high blood phosphate levels neie alnajs found as shown in 
Table II (Two cases which aie not included in the tables aie graphically 
depicted in Chaits 2 and 3 ) The blood sugai ciuves neie essentially noimal 
The blood calcium changes neie small and not constant In foiii eases there was 
an increase, followed by a decrease In tno, theie nas a deciease nhicli persisted 
until aftei the end of the experiment In one ease a decrease n as follon ed by an 
meiease, and in one there nas no change The phosphates irnmnablj neie de- 
ei eased Onlj^ in Case 3 did the deciease continue foi as much as four hours 
This was associated with a moie piolonged use in the blood sugar than in any of 
the other cases The neuiomuscular excitability shoned an almost constant 
tendencj to decrease dining the test Only in Case 5 nas tlieie a definite in 
crease in excitabilitj^ In all cases in nliieh there neie sj^mptoms at the begin- 
ning of the test the sj-mptoms neie definitelj impioied duiing the test, but m- 
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TAni-T II 


Efiects or GiAiCOsr on CnnoMc- Tftvna 


TIMC 

SXjGAK mg 

C VLCIOM MO 

rnOSPII VTF MG 

CATIIODF CLOS 


rs 

PEP 100 c c 

PEE 100 C C 

PFP 100 CC 

ING CO\TP\C 

SI MPTOMS 

Hours 

■WHOLF }1LOOT) 


W nOhT HLOOD 

TION 


Casel,X*o 22290S 

Fasting 


4S 

121 

1C 

Present 




4 74 

16 

Present 

1 


5S 

4 74 

18 

Improved 

0 


— 

4 21 

19 

Improved 

3 

Cl 

— 

4 16 

16 

Present 

4 

10 

4S 

4 S7 

1 4 

Present 


CnseS Xo lilSnO 


Fasting 1 

65 1 

GS 

6 50 

08 

Present 

■E i 

120 

— 

4 03 

08 

Present 

1 1 

S7 1 

6S 

1 30 

0 7 

Improved 

2 1 

87 1 

— 

3 60 

08 

Improved 

3 

58 

— 

3 00 

0 7 

Present 

4 

52 

6S 

4 70 ; 

i 06 

Present 


Case 3 Xo 222460 


Fastmg 

S2 

1 ' ' 

4 07 

i 1 " 


■X 

142 


3 30 

1 19 


i 

182 

73 

3 66 

1 19 

Xo definite 


15S 

— 

2 88 

IS 

svmptoms 

z 

117 


2 42 

1 8 


4 

76 

73 

2 42 

1 7 



Ca<;e4, Xo 220617 


Fasting 

79 

82 

4 70 

07 

Present 


154 

— 

4 70 

12 

Present 

1 

134 

92 

4 00 

08 

Improved 


109 

— 

410 

0 7 

Improved 

i 

70 


4 40 

07 

Present 


54 

82 

410 

0 7 

Present 


Case 5, Xo 219959 




Fasting 

83 

78 

j 50 

16 

Present 

i 

135 



0 vg 

14 

Svmptoms 


129 

7 3 

4 80 

11 

better 


111 

— 

3 30 

09 


4 

68 

— . 

3 45 

11 

Present 


71 

7 3 

3 48 

14 

Present 


Case 6, Xo 109391 


Fasting 

a 

67 

63 

4 80 

06 

Present 


SI 

• 

5 60 

0 7 


0 

98 

89 

70 

6 8 

4 00 


Gradual 

3 


3 20 

0 6 

Improve 


70 

63 

1 3 75 

i 3 75 

! 0 5 

1 04 

meat 

Present 

22 . 5 c 7 (Control, 

no glucose given) Xo 223213 

Fastinrj 

73 

73 

6 82 

09 


i 

75 

— 

6 40 

10 


0 

<9 

73 

7 50 

10 


3 



6 40 

06 ' 


4 

70 

73 

G 82 

6 40 

0 7 

06 
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creased m seventy at the end of the experiment ivhen the phosphate le^el rose 
Apparently the sjTnptoms paralleled the phosphate curve more than that of the 
serum calcium 


Table III 

Effect of Lactose and Glucose in Noksial Doos 
Dog No 1, Weight 38, Experiment No 1, Effect of Glucose, Dose 15 Grams 


! 

TIME IN nouns 

PASTING j 

1 

1 

2 

3 

4 

5 

Sugnr mg per 100 c c whole 
blood 

02 

101 

132 

95 

92 

84 

— 

Phosphate mg per 100 c c 
whole blood 

2 39 

o 27 

— 

o JO 

1 

2 32 

2 39 

1 

Calcium mg per 100 c c whole 
blood 

11 


! 

1 

1 

1 

111 

! 


Dog No 1, Weight 38, Experiment No 2, Effect of Lactose, Dose 15 Grams 


1 

TIME HOURS 1 

FASTING 1 

% 

1 1 

2 

3 

4 

5 

Sugar mg per 100 c c whole 
blood 

Hi 

74 

117 

75 

GO 

75 

— 

Phosphate mg per 100 c c 
whole blood 

3 11 

2 80 

2 87 

2 96 

3 35 

3 30 

— 

Calcium mg per 100 c c whole 
blood 

12 0 

1 

' 

; 12 1 

1 

' : 





Dog No 2, Weight 55, Experiment No 1, Effect of Glucose, Dose SO Grams 


TIME IN nouns 

FASTING 

% 

1 

2 

3 

4 

0 

Sugar mg per 100 c e whole 
blood 

77 

DO 

119 

77 

74 

72 

— 

Phosphate mg per 100 c c 
whole blood 

2 82 

2 06 

2 34 

2 61 

3 41 

3 31 


Calcium mg per 100 c c whole 
blood 








Dog No S, Weight 55, Experiment No 2, 

Effect of Lactose, Dose 20 Grams 



TIMF IN HOURS 

FASTING 

% 

1 

2 



5 

Sugar mg per 100 c c whole 
blood 

79 

79 

79 

75 

81 

81 

79 

Phosphate mg per 100 c c 
whole blood 

3 30 

2 77 

2 81 

2 69 

00 

Cl 

3 03 

3 27 

Calcium mg per 100 c c Mhoh 
Wood 

87 


84 


88 1 
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In Case 7 no glucose m as administered The results m ere included to shoiv 
that the changes recorded in the other tables Avere caused by the glucose 

EFFECT OF L.S.CTOSE OK BLOOD CALCIUM AKD PHOSPUATE IK KORMAL DOGS 

In one of the foUoMung sections it is shown that lactose is of great benefit in 
the treatment of tetanv The effeet of feeding lactose to healthy dogs lias been 
compared to the effect of feeding glucose to the same animals The methods 
used were the same as those employed for glucose-tolerance tests The results 
are shmvn in Table III In this table, the blood sugar is expressed in terms of 
inilhgrams of glucose The cutac is very different after laetose feeding from 
that exhibited after glucose feeding The glucose cuiwes are similar to those in 



liK^n t , the lactose curves are very low, and indicate either a very 

mLt-Pfi absorption The serum calcium does not show a 

cum p nUfl change There is no difference between the type of phosphate 

prolonged indication that lactose prodnees an> 

P n„ed depression of inorganic phosphate m the blood 

effect of IaACTOSE IK CHROKIC TET\2CY 

ixtonisterea to eacli oE tour patients 
IT and ri,?? tetany The results arc presented m Table 

asthot secure after the ad' “"f f"'”' »' 'be same general type 
tosar ralnertcnd b! , admmistraton of glucose to normal mdmdnals The 
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o CALCIUM. — - PHOSPHATES) — GLUCOSE x — KCC 


Chart 5 
Table H'' 


Efeect of Lactose iv Cheomc Tetany 


TlilE 

HOURS 

SUGAR MG 
PER 100 C C 
M-HOLE BLOOD 

CALCIUM MG 
PER 100 CC 
SERUM 

phosphate mg 
per 100 c c 

WHOLE BLOOD 

CATHODE 

CLOSING 

CONTRACTION 

SrMPT03fS 

Case S 






Fasting 

77 

77 

5 00 

0 7 

Present 

a. 

120 

— 

4 16 

09 

Present 

i 

117 

72 

4 10 

07 

Present 

2 

02 

— 

3 05 

0 8 

Improved 

3 

70 

— 

3 75 

08 

Improved 

4 

60 

72 

3 60 

1 08 

Improved 

Case 9 


1 


1 


Fasting 

Co 


3 85 

10 

Present 

4 

101 


2 90 

15 

Present 

i 

77 


3 56 

14 

Improved 

2 

77 


3 56 

18 

Improved 

3 

48 


3 82 

11 

Present 

4 

61 


3 74 

10 

Present 


EFFECT OF GALACTOSE ON BLOOD CALCIUM AND PHOSPHATE IN A NORMAL INDnODUAI) 

Since the glucose resulting fiom lactose digestion could account for all the 
changes in inoiganic metabolism aftez lactose feeding, the effect of the galactose 
moiety was studied sepaiately The method uas the same except that fifty grams 
of galactose were administered oralh It nas considered advisable to use this 
smaller dose of galactose because of the low toleiance shown bj^ most individuals 
to this sugar In the following eases, sugar ivas excreted in the urine The re- 
sults aie shoTiTi in Table V and Chart 6 As a control expeiiment, 100 grams of 
glucose vere admmisteied to the same indmdual (Cliait 7) The effect of 
galactose on blood phosphate is in sharp contiast to that of glucose Tins is in 
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O- CALCIUM 6ALACT05L --PHOSPHATE. 


Chart 6 



Chart 7 


accord -with the results of Barrensclieen Galactose does not produce a depres 
Sion of tlie pliosphate level in the blood 


EFFECT OF GVE^CTOSE IX CHPOXIC TETAXT 

administered also to two patients suffering from chrome nara- 
Old tetam, with the result summarized in Table Y Endentlv therp ic 
.Mere, . CO ,„.,eo„ ,„o oo.o,„„ ,,.a,.oo of L™ 
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Table V 


Effect of Galactose in Chbovic Tetant 


TiaiE 

IN 

HOOKS 

SUGAR MO 
PER 100 C C 
WHOLE Blood 

CALCIUM MO 
PER 100 C C 
SFRUM 

PnOSPIIATF MO 
PER 100 CC 
w hole blood 

CATirODF 

CLOSING 

CONTRACTION 

SYMPTOMS 

Case No 22200S 

Fasting 

83 

72 

3 76 

1 5 

No definite 

1 

05 

— 

3 66 

IS 

change in 

i 

104 

0 2 

-t *1*1 

18 

symptoms 


97 ' 



3 68 



I 

90 

— 

3 68 

18 j 


4 

83 

76 

3 81 

18 ; 

1 1 


Case No 107 

763 





Fasting 

65 

' 78 

4 45 

09 

No definite 

4 

117 

— 

3 66 

09 

change in 

i 

95 

t 7 0 

3 55 

10 

sjanptoms 

2 

102 



3 57 

10 


3 

83 



3 64 

0 9 


4 

75 

73 

3 61 

10 



with chronic tetanj No constant changes in inoiganic metabolism appear fol- 
lowing the administration of this sugai, the neuiomusciilar iiiitabihty does not 
show' changes corresponding to those which occui after the administration of 
glueose, and the sjTnptoms are not lelieved during the test Thus it seems im- 
probable that It is the galactose moietj' of the lactose molecule which results m 
depression of the blood phosphate Further studies conceining the medianism 
of the action of lactose on blood phosphate are in pi ogress 

Table AT 

Effect of Glucose, Lactose, and Galactose on Heine Phosphate Eacketion 


(a) In normal individuals 


CASE NO 

DOSAGE 

1 HOUR 

2 HOURS 

3 HOURS 

4 HOURS 

L H 

Glucose, 100 gm 

43 8 

38 S 



K C 

Glucose, 100 gm 

65 9 

66 2 



172516 

Glueose, 100 gm 

33 3 

12 3 



225005 

Glucose, 100 gm 

32 1 

116 



AleC 

Galactose, 50 gm 

33 2 

12 9 

27 3 

21 0 


(b) In chronic tetany 


138828 

Lactose, 100 gm 

42 8 

45 1 

59 

2199^1 

Lactose, 100 gm 

21 3 

52 


177570 

Lactose, 100 gm 

14 7 



123527 

Lactose, 100 gm 

22 1 

171 

4 9 

222908 

Galactose, 50 gm 



37 7 

15 9 

167763 

Galactose, 50 gm 

52 

57 

4 0 
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EFFECT OF GLE COSE, LVCTOSE, AXP GAEVCTOSE OX ERIXE PlIOSPIIATE EXCRETION 

The fate of the inorganic phosphate 11111011 disappears from the blood stream 
Las been considered, and it has been dcmoiistiated that this phosphate is not 
excreted in the mine In fact 1111011 the blood phosphate is depressed after 
glucose or lactose administration, the phosphate excretion in the urine dimin- 
ishes After the administration of galactose, no definite change dei clops in the 
rate of phosphate excretion This is to be expected, since galactose does not af- 
fect the phosphates in the blood stream There is no difference betn een the re- 
action of normal indiiiduals and of those nith chronic tetany The results are 
given m Table YI Since the urine specimens is ere not taken is ith a cathetei , 
the results gnen in this table aie onlj approximations The changes hoiveiei, 
are verv marked and regular It seems probable, from this is ork, that the phos 
phates nhich disappear from the blood are earned into the tissues 

LACTOSE IX TUE TREATMENT OF CHRONIC PARATH1ROID TETANY 

In the following cases all calcium and phosphate estimations is ere made 
from samples of blood taken after the patient had fasted for approximately 
twelve hours 

Case 1 — (109391 ) A young woman eighteen years of age underwent tbyroidectonii 
for adenoma of the thyroid m January, 1921 Two months after the operation she com 
pinned of paresthesia and stiffness of the lingers xn attacks lasting from a few minutes to 
a few days These si mptoms persisted She was treated bj oral administration of calcium 
lactate at irregular inters als On Feb mars 2, 1929, she complained of basing had two 
severe tetanic comulsions Examination showed the presence of Chvostek’s and Trous 
scan’s signs, and the serum calcium was o 8 mg per 100 c c From tins date, 100 grams of 
calcium lactate were gii en daily The symptoms were partially relies ed, but nuld symp 
toms continued 

Chart 8 shows that the average serum calcium level, taken at monthly intervals for a 
penod of nine months pres ions to Nos ember 1-1, 1929, was 6 6 mg pet 100 c c On Xosem 



Chart 8 
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ber 14 the daih dose of calcium lactate uas increased to 200 grains The s-vmptoms iicro 
unproved slightlj, and the serum calcium had risen to 7 2 mg per 100 c c on December 27 
On this date the inorganic phosphates were estimated for the first time, and irere found to 
amount to C 2 mg per 100 c c 

On Januan 23 the patient was placed on a high carbohjdratc diet containing no meat, 
eggs, or cheese In the hope of lowering the phosphate level, extra nourishment, consisting 
of candv, cake, biscuits, or fruit juices, was advised between meals and at bedtime Be 
tween Januan 23 and March 11, she had five severe attacks of tetanv, the sjuiiptoms al 
wavs being more noticeable in the morning on wakening Mild sjmptoms persisted between 
sev ere attacks, and the blood chemistrj remained approximatelj the same 

On March 12, 1030, 3G0 grains of lactose per dav were presenbed in addition to 200 
grains of calcium lactate ns before These substances were divided into three doses, given 
before meals The characteristic change in the chart consists in a persistent fall of the 
phosphate level The sjmptonis were graduallv alleviated and finallj disappeared on 
March 27 

On April 4 the blood phosphates had fallen to a level which was lower than that con 
sidered necessarv The serum calcium was not normal, and therefore the dose of lactose 
was reduced to ISO grains and the calcium increased to 240 ginins per dav The phosphate 
level rose, but remained within normal limits The serum calcium also apparently rose 
somewhat The temporarv nsc of serum calcium on March 27 is unexplained The average 
serum calcium level was not groatlj affected bj the addition of lactose, and except for the 
one high value, there was a slight lowering of this figure until the calcium intake was in 
creased on April 4 Since March 27 the patient has been completel} sj mptom free, with the 
exception of two dajs when she voluntanlj discontinued treatment On Maj S she stated 
that she was feeling better than she had for vears 

Case 2 — (219959 ) A woman, thirtj four jears of age, underwent thjroidectomj foi 
adenomata of the thjroid with tracheal compression on November 21, 1929 The basal 
metabolic rate before operation was minus 1C per cent On the morning follovnng opera 
tion she complained of tingling in the fingers Her serum calcium on this day was 8 6 mg 
per 100 c c 

At first the patient recoiv ed calcium gluconate one dram three tunes a dav, and cal 
ciuni lactate, 20 grams three times a daj Her svinptoms demanded the administration of 



Chart 9 
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parathormone (pnratlnroid extract — Colhp) on three occasion'; during the first thirteen 
dars after operation, dunng 11111011 period the blood calcium fell to 7 7 mg On December 4 
the treatment i\as changed to one dram of calcium carbonate three tiiiiea a day before 
meals The saniptoms iierc lessened in soioriti and the blood calcium ro=c from 7 7 mg 
to S 7 mg on December d, and to d 2 mg on December 12 

This treatment vras continued, and the patient was not again obsen ed until she 
returned on ilarch 5, complaining that she had experienced almost dailv stitTncss and 
numbness of the fingers and tmtching of the facial muscles The scrum calcium nras then 
7 7 mg per 100 cc and blood phosphates CS iiig as shown at the beginning of Chart 9 
The treatment mas changed on this date to calcium lactate, ISO grains per dav, gi\ en in 
three doses of one dram each before meals The serum calcium changed \cri little and 
the blood phosphate lancd betmoon OS mg and 5 2 mg per 100 cc There mere mild 
symptoms daily 

On March IS the administration of lactose mas started in doses of tmo drams three 
times a day before each meal On the first dai there w as no improi enicnt On the second 
day the symptoms had disappeared, and on March 22 the blood phosphate mas 4 5 mg and 
the scrum calcium 7 2 mg On !Marcb 23 she dci eloped a mild infection of the upper res 
piratory tract, associated math aching pains in the hack and limbs This lasted until !March 
30, and mas accompanied by a slight nso in the blood phosphate lei el, but there mas no 
paresthesia of fingers or toes and no stiffness of the fingers Following March 23 the blood 
phosphate leyel continued to fall, and the patient felt cntircli mcll 

It should be noted that mhile the patient’s serum calcium laned sbghtli around the 
level of S mg per 100 c c , she had moderate symptoms of tetany associated with a high 
blood phosphate Later, mlien the average serum calcium level mas lomer, the symptoms mere 
greatly improved, associated mitli a fall in blood phosphates It might be mentioned again 
that the blood phosphate levels given mere estimated mhile the patient mas fasting Prob 
ably they mere lomer dunng the dav than those shown in the chart 

Case 3 — (223213 ) A moman aged thirty tmo underwent a thyroidectomy for hvper 
thvToidism on February 20, 1930 Her basal metabolism before operation mas pins 49 per 
cent About thirty six hours after the operation she complained of tmi+ching of the facial 
muscles and paresthesia and stiffness of the fingers Both Chiostok’s and Trousseau’s signs 
ivere present The scrum calcium on February 22 mas 7 2 and on February 24 mas 6 7 mg 
per 100 c c The blood phosphate on this date mas 6 2 mg per 100 c c 
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Treatment 'nas begun Pebruarj 22 in the form of calcium lactate, 240 grains per daj, 
1 dram before meals and at bedtime, as shown in Chart 10 Symptoms were present daily, 
and the fasting serum calcium and blood phosphate i aned ns indicated 

On March 7, calcium lactate was discontinued and calcium gluconate was started, 180 
grains per day in doses of 1 dram before each meal The blood phosphate content fell 
markedly, but soon rose again to a higher lc\cl than before, in spite of the fact that the 
dose of calcium gluconate was raised first to 240 grains and later to 'iOO grams per da\ 
The symptoms had disappeared on March 10, but on March 11 thc\ reappeared and were 
more seiere than before Simiptoms wore present from the latter date until March 26 

On March 19 the treatment again was changed The same amount of calcium lactate 
as was gii en previous to March 7 was prescribed In addition to this, lactose was given in 
amounts of 480 grams per dai, two drams being giicn ivitli one dram of calcium lactate be 
fore each meal and at bedtime For siv dajs no distinct benefit was noted, but on Jlarch 
27, the eighth day after the administration of lactose was started, there was definite im 
proiement in the seientj of the smiptoms, accompanied be a fall in blood phosphates but 
without anv rise in scrum calcium On this treatment the blood phosphates fell to a normal 
level, and symptoms disappeared ontirclj The fasting blood phosphates are known to 
hate remained normal for at least one month on this treatment with the esception of two 
estimations done within one week following the extraction of an aciitelj abscessed tooth 
On these occasions the phosphates w ore C 4 and 0 0 mg , rcspcctn elr The patient was 
known to be sjmptomfiee on kfaj 8, 1930 

It is interesting to note again that the iniproiement in s 3 mptoms was associated with 
a fall in the lead of blood phosphates but not with a distinct rise in the total serum 
calcium 

Case 4 — (124350 ) A woman thirty four years of age underwent thyroidectomy for 
adenoma of the th 3 roid in June, 1923 The second day following this operation tetany 
dec eloped She experienced tingling, numbness, and stiffness of the fingers dailv, and on 
occasions had seioro generalized conculsions which were thought to be epileptic in char 
actor, but as the coniulsions haic not recurred since she has had adequate treatment for 
tetanj, it is probable that thej were caused bv this condition 

From Juno, 1923, to the present time the patient has required constant treatment 
At first, when she was taking 10 grains of calcium lactate and 1/10 gram of parathyroid 
extract twace a day, together with a mixture containing sodium bromide and tincture of 
lixosciamus, slic was not relieiod, and continued to have siaiiptoms daily and generalized 
convulsions occasionallv In hfaj, 1925, when the calcium lactate was increased to 20 
grains three times a day, she was somewhat rclioxcd 

In June, 1926, injections of parathjroid extract (Collip) were begun, and a dose of 
1 to 2 c c was administered subcutaneouslr exciy second or third dav In addition to this, 
she recoil ed parathj roid extract, grams 1/5, and calcium lactate, grains 10, three times 
daily, together with cod liior oil In October, 1928, the intake of calcium lactate was 
raised to 120 grams per daj The patient felt better tlian she had since before tlie onset 
of the condition, but as moderatel} severe sj mptoms freqiientlj w ore present it was still 
necessary to give parathyroid extract (Colhpl in doses of 20 to 40 units (1 to 2 c c ) on 
alternate days 

This type of treatment was continued until January, 1930, when the dose of calcium 
lactate was raised to 360 grains per day At this time the symptoms, though reduced, were 
persistent, and the patient began again to take about 2 5 c o of parathx roid extract daily 
On March 11, 1930, lactose was added in amounts of 360 grams per daj, with two drams 
each of lactose and calcium lactate before meals The patient became symptom free, and 
the parathyroid extract was reduced gradually 

Man} important details hax o been necessarilj omitted, but this outline conve} s some 
idea of the seienty of the disease m this case and of the t}T )0 of treatment employed 
Serum calcium and blood phosphate lei els are not quoted in detail, but from January, 19 , 
to Marcli, 1930, the serium calcium varied from 6 2 mg to 9 7 mg per 100 e c , according to 
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fte treatment u'Od The most constant fiRurc a\tis between 7 and 8 mg The blood phos 
phatCMn January 1030 before beginning treatment with lactose, were 0 mg per 100 cc 
At the time indicated at the bopnning of Chart 11 the patient was rccci\ing 1 c c of 
parathyroid c\tract (Collip) per daa oOO grams of calcium lactate, and 300 grains of 
lactose As she had been simptoni free since beginning the u«e of lactose, it ivas decided 
that the calcium lactate and lactose should be stopped entireh in order to see how much 
parathyroid extract (Collip) was necessarj to relicxc the sMuptoms completely IVith the 
patient’s permis-ion and cooperation on April B no calcium or lactose yyas tah.cn at noon 
or in the eiening, two drams of each being tnhen before breakfast as usual 

Early in the morning of April 10 symptoms appeared and therefore 2 cc of para 
thonnone (parathyroid catract Collip) were giyen subcutaneously at S t-it and 4 c c at 



Chart 11 


■> P II On April 11 the serenty of the symptoms increased and Sec of parathormone 
Were used, 4 c c at S a M and 4 c c at 5 p M The same dose was giy en on the following 
ay The blood calcium apparently was falling but the phosphates were being held well 
in cheek On Aprd 13, despite the administration of 4 c c of parathormone at S v 1 ' and 
o c c at 5 p n the symptoms were becoming more sey ere The fingers were stiff, the 
patient yvas nauseated all day and took only small amounts of food vath difficulty and she 
daggered markedly when sfie yvalkcd On April 14 Gee of parathormone were giy cn 
^ eutaneouslv at 9 a m There was slight relief in half an hour but at 4 30 p ir the svmp 
oms^again became more sey ere On April 15, 6 c e of parathormone were injected at S A.ii 
' c c at o p M The patient was slightly better on this day, but still had some carpal 
'pasiu and nausea On April 16 the sy mptoms yvere sey ere The muscles of the arms and 
_gs were becoming sore Scion c c of parathormone were giyen at 8 A Ji and 6 c c at 
^ PIT The report on the blood cheniistry showed that the serum calcium had fallen to 
’ - mg and the phosphate had nsen to 4 5 mg per 100 c c Because of this and the seyenU 
svmptoms calcium lactate yvas pyon 2 drams before dinner and 2 drams at bedtime 
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The following dij she again began to take calcium lactate, SCO grains per day The 
scrum calcium rose prompth and the sjmptoms •norc compictelj relieicd The para 
thormone was reduced to 2 c c per daj Since slight sj mptoms u ere present, the dosage of 
parathormone was not decreased until April 28 The sjmptoms from Apnl 17 to May 1 
were i cn slight, but not mild enough for the parathormone to be discontinued On May 2, 
360 grams of lactose were gnen, dnidod into three doses, before meals, in addition to the 
same dosage of calcium lactate as before The patient nas instructed to use parathormone 
as before, when required for the relief of snuptoms Up to Mai S, she had not found it 
necessarj to use any injections, as there had been no paresthesia or stiffness of the fingers 
since administration of lactose uas started 

It was expected that the phosphate lei cl would rise somenhat after the discontinu 
ance of the parathormone, and this has occurred The patient has noticed lery mild symp 
toms on two davs, but thej hai e been so slight that up to the present time she has preferred 
not to use parathormone 

The patient was last seen on Maj 20, when she was practically “c mptoiii free 

DISCUSSION 

In cliiomc tetany, definite inipiovement in symptoms appaiently results 
from the feeding of lactose Tins is associated intli a fall in the lei el of inor- 
ganic phosphates in the blood During glucose assimilation after the ingestion 
of glucose or othei eaiholiydrates, theie is always tempoiary improvement in 
sinnptoms, associated inth a fall m the phosphate level Neveitheless, eien fie- 
quent carbohydrate feedings do not lesult in the permanent benefit iihicli is ob 
seiied after the admmistiation of lactose After single doses of glucose or 
lactose the blood phosphate i etui ns to the pievious level within four hours It 
seems lemarkable that nhen lactose is used therapeutically, low levels of inor- 
ganic phosphate can be demonstrated in the blood twelve to fourteen houis after 
the last dose of lactose is taken 

The complete mechanism of the action of lactose on blood phosphates is ob- 
scuie At first it w'as thought that the slow digestion ot lactose, and the resulting 
slow' absorption of glucose and galactose, might account for the prolonged de- 
pression in the phosphate lei el in the blood After examination of the blood 
following the oral administration of one dose of lactose tins seems unlikely The 
blood sugai level rises shaiplj' and falls again ivithin four hours, indicating 
lapid absoiption and assimilation The inorganic phosphates also return to a 
noimal lei el within this period The feces haie not been examined quantita- 
tively, but it has been shoivn that the phosphate depiession is not the lesult of 
mci eased uimaij excietion On the contiaiy, theie is a letention of urinary 
phosphates aftei the administration of single doses of lactose 

The possibility that galactose might have a specific effect w as considered It 
IS known that glucose can be formed in the body fiom galactose which has been 
absorbed fiom the intestine If the glucose, so formed, is assimilated in the same 
mannei as ingested glucose, it was thought that an extended period of carbo- 
hydrate assimilation might result This in turn -would cause a prolonged depres- 
sion of the phosphate level which w ould simulate the long, low phosphate curve 
noted after the admmistration of glucose to diabetics, when assimilation of the 
glucose IS delayed 

At present, the data concerning this point aie insufficient to warrant definite 
conclusions Our results, however, and those of Barrenscheen=“ fail to demon- 
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strate am conncctiou betA\cen the metabolism of galactose and that of inorganic 
phosphate in the blood The nse of galactose o^ er long periods may cause ns to 
draiv different conclusions As a ct, there is no definite m idencc that the efficacy 
of lactose is due to changes in intermcdiarj metabolic processes It ma^ be that 
there is a slowing of the absoiption or an accelciation of the excretion of t e 
phosphates 

Neither Dragstedt'" nor his recent snpportei , Huttony hai c associated the 
eSect of lactose with mineral metabolism Those ivho believed that parathyroid 
tetanv was caused by changes in calcium metabobsm were of the opinion that 
lactose produced an increased absorption of calcium bi the production of acidity 
m the gut So far as we are aware, no one has demonstrated an increased blood 
calcium after lactose administration Since calcium phosphate is ^ erv insoluble, 
it IS possible that an increased absorption of calcium might result in a lowering 
of the phosphate level due to a deposition of calcium phosphate in the tissues 
Hence, mcreased calcium absorption might not be apparent on examination of 
the blood 

SUMIIAET AVD COXCLUSIOXS 

1 The symptoms of chronic parathyroid tetanv mav be lessened in seventy 
or completely controlled by low ermg of the amount of inorganic phosphates in 
the blood without raising the total calcium content of the blood serum 

2 Glucose temporarily lowers the amount of inorganic phosphates m the 
blood of normal subjects and in individuals with chronic parathyroid tetany 

3 Lactose m single doses has the same effect as glucose 

4 Galactose in single doses has no effect on the inorganic phosphate content 
of the blood 

5 After mgestion of glucose or of lactose there is a decrease in the amount 
of phosphate excreted m the unne This does not occur after the administration 
of galactose 

6 Three cases of chronic parathyroid tetanv are reported in which symp- 
toms were present in spite of the oral administration of large doses of calcium 
lactate The addition of lactose resulted in complete relief, associated with a 
lowering of the phosphate content of the blood 

7 One case of chrome parathyroid tetany is reported in which large doses 
of calcium lactate alone failed to give complete rebef and very large doses of 
parathyroid extract (Collip) alone faded to give relief The symptoms could be 
controlled by the oral adnumstration of large doses of calcium lactate, together 
w ith the subcutaneous injection of parathyroid extract Calcium lactate in large 
doses m combination with lactose gave relief without the addition of parathy- 
roid extract 

S The mechanism of the action of carbohydrates in lowering the amount of 
phosphates m the blood is discussed 

tVe arc groatlv indebted to Miss Louise Van Alstine for her technical assistance 
tbrougUout the work 
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A COilPAEISON OF THE VASOCONSTRICTIVE ACTION OF ADRENAL- 
IN AND EPHEDRINE ADDED TO THE LOCAL 
ANESTHETIC SOLUTION" 


IViLLUM R iMcEKER, 51 D , FACS, ilOBIEE AL4 


JN THE introduction of adrenalin, local anesthesia was gucn a drug the 
local apphcation of ^vhlch causes a contraction of terminal blood ^ essels, ren- 
dering the tissues bloodless and causing an increase of the local anesthetic action 
and dinnnislnng the general toxic action It is, thus, of importance because 
of its ischemia producing properties Adrenalin is not an anesthetic agent 
itself but local action of other drugs is made moie intense and lasting when 
combined with it The extent of the anemia of tissues and anesthesia are inde- 
pendent of one another The first depends upon the adrenalin content, while 
the latter depends upon the quantity of local anesthetic drug in the solution 
Diluted solutions of anesthetic substances can thus be made to produce a 
more intense effect of longer duration bi the addition of adrenalin The limits 
of usefulness of local anesthesia haie thus been materially increased, the results 
are more certain, the technic in many instances has been simplified, and danger 
from eertam operations has been markedh reduced 

The dose of adrenabn should be carefully considered, as large doses are 
^ery dangerous The greater the concentration the greater the toxic action 
The chief toxic symptoms are palpitation of the heart, depression, and often 
a eehng of dread or alarm, difiScult respiration, a sense of constriction across 
6st and a fullness and throbbing in the bead These symptoms, accom- 
panied by rapid rise m blood pressure, usually pass off in a few minutes, when 
a dTOg should be more cautiously used Operators often blame the local 
anesthetic for such symptoms occurring in the course of an operation, when 
e adrenalm is the disturbing agent 

In the strengths ordmanly employed, its use is not followed by any after 
ac ion There is no hyperemia, but the tissues gradually resume their normal 
bp!?!! retarding or injurious action upon the 

offPn “ VTien used in fairly large doses, it seems that there is 

ordirp^’’^ the case under 

anemia excessive dose is used, there often follows a primary 

time the prolonged, a vasomotor paralysis, during which 

mai occu/^"^^^ mouths, and secondary hemorrhages 

fonr!i°”°?°" excessive doses the resulting anemia mav be so nro 

futW b ^^^th of a tissue ivith slou'^hmV Thl 

100 cc ®««'?ical work the addition of ten drops to 

tp anesthetic solution usually suffices The dose shoulrl tst-i- ^ 

_^ige and condition of the patient Childhood, old age, artenoXeSs" 
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and those suffeiing fioin lesions of the vasculai system, high blood pressure, 
Giaie’s disease, diabetes, and otheis, aie moie susceptible to its influence The 
dose in these cases should he lessened accoidingly, and often should not be used 
at all 

For many years adrenalin has been the sole synipathoinimetic (i e , pro- 
ducing eftects similai to the lesult of excitation of sjnnpathetic inneivations) 
drug in clinical use Eecentlj, its sole competitoi, ephedrine, has been intro 
duced The use of ephediine from obseuiitv to its present state of yide 
spiead populaiitA involves seieial featnies of unusual interest In a short 
space of time it has found clinical faioi in the tieatnient of bionchial asthma 
hay fever, bionchitis, Adams-Stokes sjuidiome, eonibattiiig the fall in blood 
pressure in spinal anesthesia, shi inking the congested nasal mucous membrane, 
and in dilating the pupil foi ophthalmic examinations 

Ephediine pioduccs lasocoustiiction as detei mined by iierfusioii experi 
ments on the fiog’s leg, the eai of a rabbit, and tlie intestine, spleen, and Indnev 
of the dog This action, like that of adienalin, is essentially peiipheial, and 
not dependent upon stimulation of the lasomotoi ceutei oi other paits of the 
cential ueiious S3 stem Both expeiimental and clinical data shoy, houeier, 
that as a vasoconstiictoi, it is much less poveiful and uniform in its effects 
than adienalin 

IMore lecentl}' vaiious combinations of adienalin and ephediine haie foimd 
favor 111 clinical use Adienalin apiilied to mucous mcmbianes has a inompt 
and powerful vasoeonstiictiug action upon the capillaiies reducing congestion 
and tuigescence of tlie tissues This action, houever, is of 1 datively shoit 
duration Ephediine is added to supplement the action of adrenalin, prolong- 
ing the astiingent effect mateiiall3’’ H3T>odeimicall3' administeied, the advau 
tage is that the action is moie lasting than that of adieuabn alone Sehaiimauii 
has found that ver3^ small amounts of adienalin augment the constiictor action 
of ephedrine in experimental voik 

No adequate infoimation seems available on the coinparatne vasoeon 
stiictne action of adienalin and ephediine when added to the local anesthetic 
solution This has constituted one of the most impoitant uses of adrenalin and 
thus far ephedrine has not entered this field of usefulness Since the S3stemic 
action of ephedrine is less intense, it occurred to the author that it might be 
a more suitable local anesthetic adjuvant in those cases of thyrotoxicosis, hypei- 
tension, and cardiopathies, in vliieh adienalin is poorly tolerated 

The fact that the action of ephedrine is moie prolonged than that of 
adrenalin, also suggests a possible advantage in adding a combination of the 
two to the local anesthetic solution foi a more prolonged local anesthesia Tins 
would thus be similar to the emplojnnent of the combination of adienahn and 
ephedrine in ihinologj'', and in hjqiodermic use In order to solve this question 
the following work was earned out 

METHOD 

The anesthetic povei of all combinations vas determined bj dermal wheals 
on the human slnii This is an attractnm method because it jiaiallels clinical 
usage It involves direct action on the terminal nerve filaments and sensorj 



\ASOCONSTUlCTI\n ACTION Or ADRCSAUN A:SD T;PnEt)Rl>^E 


T7o 

end organs of the skin Anesthesia is but acij little clepeiulent upon pressure 
within the laiers of skin, because coiitiol v heals of plusiologic salt solution 
do not produce anesthesia Anesthesia theicfoie lesiilts from a direct chemical 
action upon the nerie endings mIiicIi ma% be prolonged bi a iasoconstiicti%e 
drug hr retarding absoiption 

TECHMC 

The anterior surfaces of the thighs were closeh slia\ed Deimal wheals 
were then raised with a special local anesthesia siminge and finest bj-podermic 
needle The needle was thrust beneath the sknn surface with bevel downward 
At the moment the needle point entered the epidermis injection began, which 
was alwavs endermie and not subcutaneous 

The area of wheals was estimated as the size of a dime and required 0 8 to 
1 c c of solution each It is impoitant that all wheals be as nearlv the same 
size as possible and contain the same amount of solution all of which has 
been injected mtraeutaueouslv Adequate controls were employed so that no 
disturbance of sensation except that of complete abolishment of sensation was 
mterpreted as anesthesia 

All wheals were made upon the writer hr himself The skin of the thighs 
IS of such thickness that aceuiate wheals maA be raised painlesslv when the 
substance is anesthetic The sensitiveness of the skin and the rapidity of 
absorption vary m different areas of the body These features also vary in 
different individuals, depending upon familial tiaits, exposure, vocation, etc 
Bv emploving the same skin aiea in the same individual, these factors remain 
constant The duration of anesthesia in the same cutaneous area mav also he 
shortened by previous brisk massage heating or muscular exercise because of 
the unproved circulation and consequentlv more lapid absorption In these 
tests the subject remained seated and souices of external heat were avoided 
IVTieals were marked wuth a circle of mercurochrome as soon as raised, so that 
the center of the endermie infiltration was easily identified for testing after 
the wheal had disappeared Tests for sensation were made by scratching the 
area with a wooden appheator or with a needle, as is done in vaccination 

The anesthetic drugs employed were novocaine (Metz) and neothesin 
(LiUi ) Adrenalin chloride solution I 1000 with chloretone added as a preseii a- 
tiie, as furnished to the trade bv Parke Davis d Company was used A supply 
of e p ephedrine hydrochloride was furnished hi' the Research Laboratories 
of Eh LiUv d Companv especially for these tests In addition, the 3 per cent 
ephedrine solution with 0 5 chloretone as a preservative as furmshed to the 
trade bi Abbot was axailable Chloretone itself possesses local anesthetic prop- 
erties in 0 5 per cent strength, but not in the high dilution of 10 drops of the 
stock ephedrine chloretone solution to 100 e c of salt solution 

Table I, first hnc, shows the anesthetic power of novocaine alone both by 
duration of anesthesia m minutes and minimal anesthetic concentration All 
figures represent the aierage of manv trials The second line shows the pro- 
longation of anesthesia by the addition of 10 drops of 1 1000 adrenalm solution 
to 100 cc of anesthetic solution In all these tests the duration was more 
than twice that of the anesthetic solution alone 
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Table I 

Adrenalin and Epdedrine 


DURATION or ANTSTHESIA IN MINUTES 


Per cent Strength 

1/2 

1/4 

1/8 

1/16 

1/32 

1/64 

1/128 

Noroenne alone 

23 

16 

10 

6 

? 

0 

0 

Novocaine and adrenalin 

04 

49 

30 

10 

3 ? 

0 1 

0 

Novocaine and ephedrine 

25 

21 

16 

12 

4 ? 


0 

Novocaine and adrenalin 
pins ephedrine j 

65 

i 

52 

35 

12 

3 ? 

! 0 

0 


Ten drops of 3 per cent ephediine solution uere next added, results of 
■n’liich aie shoivn in tlie third line A comparison of these "values mth those 
of novocaine alone shoivs but a slight increase, although the concentration is 
30 times that of adienalin in line tivo 

The last line shows values for the combination of adienalin and ephedrine 
added to the anesthetic solution It will be observed by comparison with the 
second line that theie is no adiantage by the addition of ephedrine in thirty 
times the amount of adienalin 

The same series of tests were employed with neothesm (LiUy) as the local 
anesthetic agent, results of which aie expressed in Table 11 An inspection of 

Table II 

Adrenalin and Ephedrine 


DURATION OP ANESTHESIA IN MINUTES 


Per cent Strength 

1/3 

1/4 

1/8 

1/16 

1/32 

1/64 

1/128 

Neothesm alone 

27 

24 

18 

15 

9 

6 

1 

Neothesm and adrcnalm 

63 

60 

52 

30 

22 

15 

6 ? 

Neothesm and ephedrine 

35 

23 

20 

15 

10 

7 

? 

Neothesm and adrenalm 
plus ephedrmo 

i 

06 

55 

41 

28 

25 

12 

? 


these data corroborates in all respects the facts brought out in Table I There 
IS no prolongation of local anesthetic action by the addition of ephedrine in 
thirty times the concentration of adienalin commonly employed Neither is 
there any advantage in the combination of adrenalin and ephedrine as an 
adjuvant to the local anesthetic solution 

COMMENT 

While it IS to be admitted that ephedrine has a sbght vasoconstrictor action, 
it IS veiy weak indeed and only serves to emphasize the fact that adrenalin is 
one of the most powerful drugs known The results of experimental mvestiga- 
tors differ widely Thus Amatsu and Kubota observed constriction of frogs 
legs upon perfusion with a 1 to 10,000 solution of ephedrine hydrochloride The 
vessels of the ear of the rabbit weie constricted by solutions ranging from 1 to 





































































V\SOCO\STUICTnL ACTION OF ADKENAIilN AND EPHEDRINE til 

2000 to 1 in 20,000 Loo and Bead iioilung nitli toads found a 1 in 20,000 
solution eftectne Otlier iiorlvors iilnle agreeing that ephcdnne is a vasocon- 
strictor found it a much less poiierful one than these results ivould indicate 
Thus Kreitniar found constriction of fiogs’ icssels ivith a 1 in 10 dilution of 
ephedrme, hut none vith a 1 in 100 solution Gradinesco found only slight 
constriction vutli a 1 in 100 solution These differences are confusing and seem 
entirely too great to fall mtlim the realm of experimental error It ivas, there- 
fore decided to titrate the i asoconstrictn e pouer of ephedrme against that of 
adrenahn, hy comparing dilutions of each required to prolong similar strength 
local anesthetic solutions an equal internal of time The amount of ephedrme 
added ivas thus doubled until equal amounts of 3 per cent strength ephedrme 
and 1 per cent novocaine -were used In no instance v as there prolongation of 
anesthesia In fact the higher amounts diminished the duration, indicating an 
incompatihilitv when the amount of ephedrme added ivas too great 

CONCLE SIGNS 

1 The peripheral vasoconstrietn e power of adrenalm is strikmglv demon- 
strated hr the prolongation of anesthesia when i ery small amounts are added 
to the local anesthetic solution This action has earned for it the name of 
“chenucal tourniquet ” 

2 Ephedrme, its only competitor in general clinical use cannot be shown 
to possess any vasoconstrictive power at aU bv the dermal wheal method on man 

3 No value can thus he demonstrated bv its combmation with adrenalm 
as an adjuvant to the local anesthetic solution 
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STUDIES IN THE SEROLOGY OP SYPHILIS^ 


VII On the Supposed Artificial I^DUClIox op a Posithti Wassfbjiann 
Revction in Orioinalli A^egatr-e Hujian Sera 


H VRRi Eagle M D , BALTnioRE, SId 


TT IS commonly be]Ie^ecl Giat the positive "Wasseimann test obsenecl in sj^plulis 
leflects an obscuie pl^ sieoebemical clianprc in the seiiim colloids, latliei than 
the appeal ance of a nen specific substance This theoiv is appaientlv borne 
out by the leputed ease of indnciii" positiie 'Wasseimann leactions in oiiginally 
negatne seium b^ such simple piocednies as shaking acidification, dilution, etc 
As wiU be shown m the picsent papei, lioveAci, most of the observations 
which seem to confiim this concept of the Wasseimann as a labile and altogether 
anomalous icaetion, aie based upon eiiois of technic and inteipietation Par 
fiom being readily induced in noimal sera by the most dnerse nonspecific 
piocesses, it is difficult if not imiiossible to pioducc a positive Wasseimann in 
originalh negative human sei um bi such simple pin sical oi chemical treatment 
It will be fuithei shoun tliat the majoiitv of the pioccclmes reputed to in- 
duce a positive Wasseimann icaction make the seiuin somevliat anticomple- 
mentaij' The supposed positne icaction is in reality a summation of tvo anti 
eomplementai j effects, that of the antigen and that induced in the serum bi the 
IJieliminait tieatmont An eiample ii ill make this cleai The Wassermann le- 
action actually measuies the amount of complement vhich remains fiee aftei 
the luteiaction of complement, antigen and sciiim If this lesidual quantitj is 
sufiScieut to cause hemolysis, the leaefion is negative, but if so much has been 
destioyed that the remaining quantity does not suffice to hemolyze sensitized 
cells, the reaction is adjudged positn^e The e\act pioportion of complement 
vhich must be destroyed in older to obtain a positive leaction vanes with the 
technic used Let us assume it to be 60 pei cent, as it is in a technic using 2 to 
24 umts of complement At the time uhen most of these aitificial positives weie 
reported, the amount of antigen used in the test was so close to the completely 
anticomplementaij^ quantity that it must have destioyed consideiable comple 
ment, even though not enough to prevent hemohsis entiielj Thus, Hiisehfeld 
and Edinger (1914) used antigen in one-half of its completely anticoinplementary 
quantity* As is illustiated in Protocol 1 and Table I, the antigen in such a set- 
up may destioy tully halt the amount ot complement which must disappeai in 
ordei to give a positive Wasseimann leaction, i e , 25 to 40 per cent m the hy'po- 
thetieal case cited 


♦From Uie Syphilis Division of the Medical Clinic the Johns Hopkins Medical School 
Baltimore Marjland 

Aided b> a ^rmt from the Committee on Research In Sjphilis Inc , , , 

Read in part before tlie American Society of Clinical Pathologists Philadelphia Pennsji 
June 10 1931 
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PROTOCOE 1 

Dried powdered beef lioort (Bifin) wns c\tncted for tlirce (l^^s with Oj per cent 'ilcohol 
(5 cc per grm) The filtered cxtnet wns diluted with 4 \oluiuos of NoCl N'/' (0 So per 
cent), and 'ernllv decreasing quantities of the dilution incuhated with eoniplement, as in 
dicated in the following set up 


Antigen 1 5, c c 

02 

0 1 

0 03 

0 023 

0 0125 

XtCI X/7, c c 

02 

0 3 

0 33 

0 375 

0 3S75 

GuincT pig complement, 1 10, c e 

02 

02 

02 

02 

02 


■Vfter four hours’ incubation at 0° to 6" C , and one half hour at 37° C, 0 4 cc of a 
sheep cell suspension sensitized antli 4 units of rabbit amboceptor were added to each tube and 
the time necessarv for complete hcmolTsis was noted 4s has been showai elsewhere (Eagle, 
1920), the heniolvsis time is an accurate measure of the amount of complement destroved 
The results of manv experiments, illustrated in Table I, show conclusivelv that half, and even 
one fourth, of the complcteh anticomplcmentarv quantiti of antigen dcstrovs a significant 
quantity of complement, even though sufficient remains free to allow for hcmolvsis in half 
an hour 


Table I 

'Showing Th^t Fpvctions or the “ ^NTiroMPLEMEXTAPT” Qi intitt or 4 ntigen Destpot 
Significant Amocnts oi CoiiPLEMENT 


■Vntigen 1 5 cc 

02 

015 

01 

0 075 

0 05 

0 375 

0 025 0 0187 0 0123 

Hemolvsis 

0 

0 

+ 

+ 

+ 


- -L ^ 

7o complement 








destroved 

90 

90 

70 

60 

50 

35 

30 - - 


If now, br sbdkmg, tlie serum is also made somewhat anticomplementarv 
(e ? 30 to 40 per cent) the total complement destroved is sufScient to prevent 
hcinoh SIS and one has a pseudopositn e result This is not a fixation bv a hpoid- 
reagin compound, as is the true positne Wassermann reaction but a destruc- 
tion of complement bv an anticomplementarv serum plus an anticomplementarv 
antigen This summation of anticomplementarv eftects is similar to the ir- 
reiersible destruction caused be immersing the tube in a water-bath at a tem- 
perature of 56° C and quite unlike complement fixation as gnen bx svphilitic 
serum The evidence foi this contention is given m the following sections 


The expel imeutal pioeeduies here listed have been supposed bv various in- 
'estigatois to pioduce a positne Wassermann reaction ni iitio in onginallv neg- 
ative serum Sliahmg (Hirsclifeld and Klinger 1914) audxfication (Nathan 
ly20,McMeans 1923') , cZdtdioii (Nathan, 1918 Forssmann 1^21) , adwi ption 
'vith a particulate suspension (Hirsclifeld and Klingei, 1914), chemical treat- 
ment, as In ammo acidi, (Bachmann 1922), ether (Forssmann, 1921), and agar 
(Hirsehfelcl and Klinger 1914) , aging (Rabinowntsch 1914) etc 

Serum from nonswphihtie human subiects was treated by these methods 
(Protocol 2) and subseqiienth tested for its antieomplementarv and Wa^ser- 
niaun titers (Protocol 3) The results obtained with a single negatne serum 
arc summanzod m Table II Qualitatneh similar results were obtained with 
no lots of pooled serum from nonsvphilitic linman beings 
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PROTOCOL 2 

Metliods of treating fresli norm'll Iiumm scrum prcpsiatori to studying its antieomple 
inentnri and complement fixing properties 

1 Shalinp — Scrum nas diluted 110 in (i) water and (b) NaCI N/7 (0 85 per cent) 
and shaken in a shaking machine at 240 “to and fro’’ moicnients per minute for fire hours 
The solution gradualh hecomts cloudy due to the denaturation of a portion of the serum 
globulin, particularh in the aqueous dilution 

2 Acidification — IICl N/5 ivas added to scrum until tlie point of maMinal precipitation 
ivas reached (?„ 5 0 5 5) After file hours at room temperature, part of the serum ivas 
cxactli neutralized bv the iddition of NaOH N/5 

3 Dilution — Serum iias diluted 1 10 iiith 110 and aliened to stand for fiie hours at 
room temperature 

4 Adsorption with a particulate suspension — (a) Kaolin was added to normal serum, 
the mixture shaken for one minute, and after standing for one hour at room temperature, 
centrifuged Serum uas similarly treated iiath normal iiid specificalh agglutinated suspen 
sions of B ti-phosua, B coli. Pneumococcus I, and sheep red cells, and Mith the precipitate 
obtained by adding sheep plasma to a rabbit antisheep scrum 

5 Glycocoll, ether and aoar — Seriallv increasing quantities of these substances weie 
added to normal serum, and the mixtures aliened to stand for four hours at room tempera 
turcs The ether sermn mixtures -nere tested both bv lajcring the ether onto the serum and 
alloning it to evaporate, as veil as bi thorough emulsification of the mixture 

6 Aomg — Sterile negatiie serum tias kept at icebox temperature tor one, too and four 
months 

PROTOCOL 3 

Method used to tost the anticomplcniciitarx action of the treated sera and their be 
haviour in the Wassormaun reaction 

Anticomplcmcntary Titei — The sera treated is described in Protocol 2 iiere inactiiated 
at 56° C for twentj minutes To varjing quantities of the treated sera in a total xolume 
of 0 8 c e were added 0 4 c c of 1 10 guinea pig complement, and the mixture placed at 4° to 


Table II 


TEEiTMUNT OF C C SEHljM 

SEPUli: USED 

FFK 

CEVT COMPEEMEMT DLSTBOrED Bi 

SEREXI ALOSE 
( AXTICOSIPLE 
UENTARV) 

BEEUM + AKTIGEN 
(AVTICOlIPEEJtEA 
TARV + FIXATION ) 

STECIPIC intebactiox 
OF BERUU V. ITU AN TI 
oen (xvasseemann) 

Original serum 0 4 

25 

25 

0 

02 

<10 

<10 

0 

0 1 

<10 

<10 

0 

0 05 

<10 

<10 

0 

0 025 

<10 

<10 

0 

Shaken mth 0 4 

Go 

60 

0 

NaCl N/7 0 2 

50 

50 

0 

0 1 

30 

35 

0 

0 05 

15 

15 

0 

0 025 

<10 

<10 

0 

Shaken with HjO 0 4 

>00 

>90 

- 

02 

>00 

>90 


0 1 

90 

>00 


0 05 

75 

SO 

0 

0 025 

45 

30 

0 

Acidified 0 4 

>90 

>00 

- 

02 

>90 

>90 


0 1 

70 

70 

0 

0 05 

40 

40 

0 

0 025 

20 

20 

0 
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T\mF II 

^-;;r^NT COM.Ul.^.^^T_P^STBOT^ 



Shaken \ntli 
sheep anU 
sheep serum 
ppt 

04 

02 

0 1 

0 05 

0 025 

>90 

>90 

70 

60 

40 

>90 

>90 

75 

60 

40 

e 

0 

0 

ft 

Shaken with 
thick sheep 
cell snspen 

Sion* 

04 

02 

01 

0 05 

0 025 

20 

<10 

<10 

<10 

<10 

20 

<10 

<10 

<10 

<10 

U 

0 

0 

0 

0 

Shaken with ag 
glutinated* 
sheep cells 

04 

02 

01 

0 05 

0 025 

>90 

>90 

85 

60 

40 

>90 

>90 

SO 

50 

30 

0 

0 

0 

In T similar rmnner, aged serum, 
e\actlv the same amount of complemen 
tho stoTHTn ic Wnsscrmann negative 

"u^ated with glTCOcoU, 
without antigen as it 

ether, or agar gives 
gives with antigen. 

\. svphilitic 
scrum 

0 4 

02 

0 1 

0 05 

0 025 

0 0125 
0 006 

0 003 

25 

<10 

0 

0 

0 

0 

0 

0 

^>90 

>90 

>00 

>90 

>00 

>90 

>00 

70 

^0 

>90 

>90 

>90 

>90 

>90 

>90 

70 

•Healed 

due 

>=erum was -^Inken with the 
to native anihoceiHor iml native complement 

order to prevent any 
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8° C foi foui hours, followed bj one h ilf hour it 37° C Eight tenths c c of sheep cells 
sensitized with foui units of amboceptor were then added, and the tune required for complete 
hciiioh sis ,was noted As has been shown elsewhere (Eagle, 1^29), the amount of coinple 
ment remaining fiee, and therctore the amount destroied, can be accurntelj calculated by 
measuring this hcmohsis tune 

Wasicrmatni Titer — Simultancoush, a quintititnc Wassennann reaction, i e, the de 
teinnnation of the amount of complenieiit fixed and dcstioxcd by the serum in the presence 
of beef heart lipoid (antigen) was carried out, using the same amounts of complement and 
the same amount of sensitized sheep cells, in the same total \olumc under the same conditions 
Care was tahon to use an antigen irhich is not in the slightest antieomplenientarr in the quan 
titx used (0 4 c c of a 1 GO dilution in NaCI N/7 of a beef heart intigen cont lining 0 G per 
cent cholesteiol, aiiticomplementarx unit 1 I dilution) The results are summarized m Table 
II At the bottom of the table the results obtained with a hiiown sxqihilitic serum are given 
for contiast 

Companiig t]ie results obtained by tliese two senes of tests it is found 
that the amount of complement destiojed bx all the treated seia in the presence 
of beef heait lipoid is, within the limit of expeiimental eiioi, the same as is 
destioxed by the treated sera alone, they aie completely AVassermami negative 
The xaiious manipulations have succeeded onlx in making the serum somexvhat 
anticomplementai y 

II PSEUDOPOSITIX E WASSLKMANN REACTIONS WITH NONSPECIFIC ANTIGENS 

If now, using these more oi less anticomplementaiy seia, one tnes comple 
nieiit fixation xvitli a somewhat anticomplementaiy antigen, the summation of 
complement destruction bj serum and by antigen may, and sometimes does, 
simulate the phenomenon of complement fixation as gixen by sxphilitic serum 
Actually, how'eiei, theie has been no complement fixation by a leagin antigen 
compound, such as deternunes the positive Wassermaiiu reaction Substances 
other than a Wasseimann antigen xvill produce the same pseudoreaction, e g, 
xveakly anticomplementaiy suspensions of lecithin, of milk lipoid, of sheep cell 
lipoid, of cholesterol, or a weak solution of HCl none of which has the slightest 
specific reactivity' with human sy'iiliilitic serum, serve equally well to give this 
pseudo fixation of complement (Piotocol 4 and Table III) 

PRorocoL 4 

The preparation of lipoid “antigens” possessing no specific reactuitv wntli sypbibtic 

serum 

1 Lecithin (iMerck) was dissolved in 95 per cent alcohol to form a 2 per cent solution 
this w as fortified wath 0 C per cent cholesterol 

2 Skimmed milk powder was extraeted twice with ether (4 c c per gram) the dry 
residue was extracted with 95 per cent alcohol for tliiee days The alcoholic extract was then 
fortified with 0 G per cent cholesterol 

3 Citrated sheep’s blood was washed in 10 volumes of NaCl N/7 The sedimented cells 
were dried at GO ° to 90° C in a cuirciit of dry air not quite to dryness, and the semisolid mass 
was extracted with alcohol (5 cc per gram) The yellow extract was fortified with 0 6 per 
cent cholesterol 

4 Human blood clots were similarly treated 

5 Cholesterol was dissohed ui alcohol as a 0 6 per cent solution None of these 5 anti 
gens have the slightest selective reactiiity with syphilitic serum 

Tfie preparation of a hiqhly anticomptementary Wassermann antigen 

1 Beef heart powder (Difco) yvas extraeted with 95 per cent alcohol (5 c c per gram) 
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for four d^^s The oxtrut \\ is fortified with 0 6 per cent cholesterol und 0 4 per cent 
sitosterol Such un c\trict, ilthoupli ier\ 'iensiti\c, is liipliU snticoinplcnicntsrc ^ 

The prrpnrntion of n seu'sitiir II ns'erjiinH« antitjen tiilh practictillp no anticomplc 
mentarp propcrliec 

Beef hesrt powder (Difco) wss extracted from four t <ncs with ether (4 c c per grsm) 
at 37° C , each extraction lasting fifteen niinutes The ether extracts, containing >95 per 
cent of the anticoraplenieiitara factors, were discarded, and the dried residue extracted with 
95 per cent alcohol The alcoholic extract was concentrated to one half its original volume, 
and sensitized as described in the preceding paragraph Such an antigen is onlv sliglitlv more 
anticomplenientarv than pure alcohol 

Complement /ixotion hp these “ niitipfiis” anti chemicnUy or phpsicaUp altered negntiie 

serum 

To normal human serum treated as desenbed in Protocol 1 were added complement and 
vanous quantities of the antigens described in the preceding section The amount of comple 
ment destroved bv (1) the scrum alone, (2) the antigen alone, and (3) bv a mixture of the 
serum and the antigen was then determined by the method described m Protocol 1 after four 


Table III 

PSErnoposmvE Coxipleiiext Pij_itiox Betweex the Pcptullt Axticoiiplemextapt 
Tpeated Sepa AX'D Partiallx Asticomplemextapy XoxsPEnric Axtigexs 



fixation no hemolx^-is 

Anaicatcs fixation partial hemolx- 

*iiuicatca complete hemoli^ic 























784 


THE JOURNAL OP LABORATORY AND CLINICAL JIEDICINE 


hours at 4° to S° C and one half hour at 37“ C T'lic results obtained with tno types of treated 
serum, i\ith Iccitliin as antigen are giicn in Table III qualitatnelj sinii] ir results were ob 
tamed iiitli oacli of the others 

As IS illustiated in Table III, tlie amount of complement dcstioyed bj nui. 
tuies of serum and anj of these “antigens” is siniplj the sum of the amount 
destioved bi each alone Theic is in no ease true complement fixation such as 
IS gn^eu bv a mixtuie ot sY^ilulitic seiujn and beef heait lipoid One of these 
“antigens” may bo paitially anticoinplemcntai j in the quantity used and yet 
alloii hemolysis to take plate m half an lioiii (a “negatiie” antigen contiol) 
Similaily, a phisieally oi eheinically alteied seium may be partially anti- 
complementarj and neyeitheless alloii hemolysis in the quantity used Tet the 
same quantities of seiuiii and of “antigen” iilien combined may destioy enough 
complement to preyent hemolysis in half an houi and give a leaction simulating 
the specific positive Wassermann. It is interesting to note that the anticomple- 
mentary extiaet of beef heart gaie this tjqie of false positive reaction inth the 
seia alteied by tlie above mentioned ticatment, iihile an antigen prepared from 
the same lot of beef heart and possessing just as great reactiiity intli syphilitic 
serum, but mthout the anticoinpleinentaiy properties of the othei antigen, 
gave completely negative results 

One can readily undeistaiid uhv these artificially “positne” scia fail to 
give the piecipitatiou loactions for syphilis (Nathan 1920), for these tests 
predicate an actual combination betueen antigen lipoids and syphilitic antibody, 
and merely malung a scium anlicoinplementaiy uould not affect a reaction in 
u Inch no complement is used 

III THE COJtPLElIENT FIXING PROPERTIES OF GLOBULIN DERIVED FROII FRESH SERLU 

We have found only one procedure yihich induces a true positive AVassei 
mann leaction in oiiginally negatiye human scium This is the piecipitation ot 
globubn flora fiesh seium as reported by Foissman (1921) Eedissolyed in 
NaCl N/7, this piecipitate gives weak but definitely positive complement fixa- 
tion wrtli beef heart lipoids This obseiv'atioii, liowevei, does not piove the 
anomalous nature of the Wasseimann substance (leagin), because luilike syphi- 
litic serum, the globulin solution giv'cs complement fixation with almost any 
finely dispersed lipoidal suspension As is shown in Table such a globulin 
solution reacts strongly^ with an alcoholic extract of sheep or human red cells, 
of milk, and with an alcoholic solution of lecithin and cliolesteiol, none of which 
reacts specificially with syphilitic seium 

PROTOCOL 5 

The reactuity of globulin denied from normal fresh human serum ivitli dnerse Jipoidal 
suspensions 

To 5 c c of fresh Wassermanu negatne human serum nere added 45 c c of cold HO, 
CO 2 gas Tvas bubbled through the dilution for J}^o minutes The turbid suspension was then 
centrifuged, the supernatant fluid discarded, and the globulin precipitate ledissolved in 5 c c 
of NaCl N/7 The solution was then tested for (1) auticomplementary titer, and (2) coinple 
inent fixing reactnity bi the technic described in Protocol 3, using the antigens described 
in Protocol 4 Care was taken to use a dilution of the antigen which is not demonstrably 
anticomplementari (% of the anticomplementary quantity) The results aie summarized m 
Table IV' 
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The globulin solution thus contains piotein which leaets with appaiently 
any pioperly dispersed lipoid It can theiefoie not be consideied to lepiesent 
aitificially cieated Wasscimaiin leagiii, ivliich leacts iiith a ceitain paiticiilai 
tissue lipoid, and not with cholesteiol, milk lipoid, led cells lipoid, lecitlun, etc 

SLMMARl .VND DISCUSSION 

We have been unable to make an oiiginally negative human seium Wasser- 
maiin positive by phjsieal oi chemical ticatnient As desciibed in the te\t, 
most of the manipulations leputcd to induce such an aitificial positive leaction 
succeed only in making the seium anticomplementai-v It is true that the 
globulins piecipitated fiom fiesh seia aie Wasseimann positne insofai as 
they give complement hvation with beef heart lipoid, but imlike syphilitic 
seium, this globulin solution leacts cquallv veil vith milk lipoid and egg 
lecithin, vith cholesteiol and an aleoholie evtiact of sheep oi human red 
cells, and piesumably, vith any colloidal lipoid suspension None of the 
othei methods succeed ei en to this extent 

The expeiiments piiipoiting to piove that the positive Wasseimann re- 
action of sj’^philitie serum is due to a labile pin sieochemical change in the 
seium colloids, leadili duplicated in iitio, haie theiefoie not been confirmed 
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STUDIES IX THE SEROLOUY OP SYPHILIS 


YIII A Xtw Fi occuLVTiox Test for the Serum Diagnosis of Syphii is® 


Harra E ague HD B vltimore, !Md 


TI^ITHIX the last ten Acais theie has been an mcreasingh AViclespread use 
' of various precipitation tests for srphilis Their simplicity contrasts 
sharply mth the laborious complexity of the VTassermann reaction, and 
although their value as compared Mutli that of the Hassermann is still con- 
troversial, they undoubtedly represent a \ er\ significant adA ance in the serologic 
diagnosis of SA'philis 

It IS perhaps unfortunate that so mam of these tests liaAe been dcAused 
In principle they are all identical, and onlv superficial variations in technic 
distinguish most of them In the face of the lecognized value of the Kahn test, 
the ileinicke-Elaruugs-reaetion the iluUer-BaUungs-reaction, and scAeral oth- 
ers it -would seem useless to add still another test to an already confusing 
array -were it not that its sensitn iti-, teelmieal simplicitA' and ease of reading 
all made possible bv the use of a neiv sensitizing substance are difBcult to 
reproduce m anv of the tests non available 


I the t se of corn germ sterol as a sensitizing substance 

In the precipitation tests for si-pliilis the “antigen” is an alcohohe extract 
ot ammal tissue, usually, beef heait YTlien diluted uith sabne, this extract 
orms a milky suspension of lipoid pai tides -which remain stable when added 
0 normal serum, but agglutinate in syphilitic serum to form -risible aggregates 
It IS known that the addition of cholesterol to the alcoholic tissue e:rtract 
g»es rise to a more opaque fluid when the extract is diluted with salt solution 

formation of a larger number of micro- 
sunn^i^Ti Pai tides Elsewhere I have brought forward CAndenee to 

upport the mew that these particles consist of a core of cholesterol covered 
laro-n '^ superficial film of hpoid vhieh constitutes the reacting surface The 

' x. """ *" “o 

foranunr “complex” lipoid cholesterol particles have 

u^noAvn leason a greater tendency to combine Avith reamn exnlainin.r 

alsoT'''' cliolesterolized antigen in the lYassermann reaction 

IS foregoing conception the sensitizing action of cholesterni 

^ ^ sauce Avith similar physical properties Avould have a similar action, 

t hopk,„3 Memcai 
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f urthermoi e, since tlie degree of sensitization iiici eases directly m itli tlie amount 
of cholesterol, it might be predicted that the discovery of such substances would 
allow the picparation of much more sensitive antigens for both the Wassermann 
and precipitation tests than have hitherto been a\ailable 

These expectations have been lealized m the discovery of a group of 
alcohol-soluble, v ater-soluble substances ■which, on addition to the alcoholic 
tissue extract, iiieiease its sensitivity in exactly the same manner as does 
cholesterol The use of one of these, sitosteiol, to pioduce a more sensitne 
Wassermann antigen has been desciibcd in detail elsewheie^ Since the pub- 
lication of that papei, another stciol derived from corn germ has been obtained 
through the cooperation of the Difeo laboratoiies The physical properties of 
this substance make it particularly fitted for use in a piecipitation test 

When a eholesteiolized antigenf is diluted vith approximately tvo -volumes 
of saline, it forms a highlj’- unstable suspension consisting of coarse iisible aggre- 
gates of particles The e-vidence outlined in the fiist paper of this senes indi- 
cated that the elements of these aggregates are tiny amoiphous particles of 
cholesterol coveied bj the active lipoid If one adds coin geim steiol instead 
of cholesterol to the beef heart extract, and dilutes as before ivith two volumes 
of sahne, one obtains a somewhat more stable suspension, micioscopieally 
similar to that formed bj a eholesteiolized antigen When this suspension 
IS examined micioscopieally, howevei, its opacity is seen to be due to mjiiads 
of tiny needle crystals, instead of the amorphous particles foimed by a 
cholesterolized antigen When a small portion of the suspension is added to 
normal human seium, the cijstals remain disci ete, and the mixture appears 
homogenous and diffusely opaque "When shaken, the cloud of refractile discrete 
crystals is readily visible In sj^ihilitic serum, howevei, the crystals rapidly 
aggregate to form coarse clumps 


II PREPARATION OP THE ANTIGEN 

For the basic alcoholic extract, dry pow'dered beef heart (100 grams) is 
extracted three times wntli four volumes of puie anesthesia ether (400 cc) 
at 37° C, each extraction lasting ten minutes with fiequent shaking This 
serves to remove unstable substances (fats, soaps, sterols, etc) After the third 
filtration, $ the moist powder is washed on the filter paper with one volume of 
ether (100 ce ), diied thoroughly, and extracted for three davs with 5 volumes 
of 95 per cent ethyl alcohol The ether extracts are discarded The alcohol 
extract is filtered, and the most powder washed with fresh alcohol until the 
w'ashings are colorless The combined aleoholic filtrate and washings (about 
650 cc ) are then evaporated on the steam bath to a vmlume coriesponding to 
5 ec per gram of original powder (500 cc) The lipoid content of the final 
extract is usually around 16 pei cent Six-tenths per cent cholesterol and 0 6 
per cent corn germ sterol are then added and dissolved by boiling to form the 
stock antigen Kept in the icebox, it is good for at least twehm months 


•J Exp Med 53i 005 1931 , hIotvU 

This antigen is used in a 1 200 dilution prepared bj dropping the 
witli shaking into 200 \olumes of 0 85% NaCi This has been found lo be a more sausti 
method of diiution than that recommended in the paper cited 
tTissue lipoids I'A Per cent ciioiesterol 0 G per cent 
ivVith suction to pre\ent undue evaporation 
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in TECnN'IC OF THE TEST' 


The antigen is heated at 65° to 85° C for a few minutes to dissolve the 
excess sterol, and 13 xoliiines of 4 per cent NaCl lapidly blown into 1 volume 
of the antigen This antigen dilution should he allowed to ripen for at 
least half an hour Unlike the liahn antigen, this dilution need not be used 
within a certain short period of time If kept in the icebox it can be used 
as long as 3-6 davs after its preparation Because its sensitmtv gradually 
mereases as it ages, the routine procedure in this laboiatory is to prepare the 
dilution one daj in adxance allowing it to ripen in the icebox for twenty-four 
hours before use 

The serum to be tested is inactnated for twenty to thiitv minutes at 56° C , 
and 1/8-1/12 its volume of the antigen dilution added If the antigen suspen- 
sion IS older than tliiee davs the amount added to the serum should be decreased 
to 1/15 the serum i olunie Although the test can be earned out w ith 0 2 c c 
of serum and 0 02 c c of antigen dilution, it is more convenient to use twice 
these quantities The turbid mixture is then shaken for tw o minutes The incu- 
bation period can be adjusted at will to suit the circumstances 

If a rapid reading is neeessarv, as foi an emergenev transfusion, the tube 
11 incubated at 37° C for one-half hour Otherwise, it may be incubated at 
37° G for 4 to 8 hours It need hardly be added that the longer the incubation 
period, the more sensitne are the results obtamed Our routine procedure is 
to incubate for 4 hours at 37° C In anj e^ent, after incubation, the tube is 
centrifuged at 1500 i p m for 10 to 15 minutes Three volumes of NaCl N/7 
(0 85 per cent) are then added, i e , three times the volume of serum used 
In a negative reaction the tube is seen to be homogeneous and diffusely 
opalescent On shakmg one sees a cloud of tinv refractile crystals not visible 
if the tube is at rest In a positive reaction these crystals clump to form 
coherent coarse white fioecuks floating in a clear and transparent fluid There 
IS the sharpest possible contiast between the water-clear fluid and coarse 
floccules of the positive test, and the homogeneous opacity of the negative test 
One occasional!} encounters weak positives, particularly in patients under 
antis\'philitic treatment Usually, aggregation in such eases is defimte, but 
even when there is onlv a shght granular appearance, resembling a positive 
Kahn, not sufBcienth marked to justifv a definite reading of positive, a second 
centrifugation at higher speed usually enables one to evaluate the results in 
terms of positn e or negative It aggregates are really present, they are thrown 
down to form a coherent floccule at the bottom of the tube, covered bv a clear 
supernatant fluid In a negatue, the crystals remain discrete and are not 
tluown down the tube lemains homogeueous and opalescent 

Although the macroscopic reading is far more satisfactory, it is possible to 
rcid the results b^ microscopic examination In a negative test one sees 
minads of tinv cirstals which do not cohere eten though thev are in immediate 
contact In a positn e test these cr\stals aie clumped lu much the same manner 
that red cells are clumped bj an agglutinating serum, leaving clear spaces 
between the aggregates 


In n 
VprU 


the choice of quantities conditio 
dealing: with precipitation reactions In 


etc v^ill he divcuc:c;f.(j 
general (Am J S>ph 
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It IS stionglj^ urged that laboiatoiics using tlie test lestiiet tlieniselves to 
the following teims m lepoiting lesults posiiivc, negative, and donhffnl, tlie 
latter calling foi a lepeat test 

IV ADVANTAGES OP THE TEST 

The points ot snpciioiitv of this test as compaied vith cuiient serologic 
methods are briefly enumeiated belon The statistical evidence on which the 
fiist tvo points aie based vill be piesented in a later papei 

1 Sensitivity — The leaction is vei\ sensitive, distmcth supeiior in this 
lespeet both to the immediate Kahn leaction, which is acKnowdedged to be among 
the best of the flocculation tests fot s^phllls, and to a fom-houi icebox Wassei- 
mann test with a sensitive antigen It detected >70 pei cent of a hnowm 
sjphilitic population undei spccifle ticatmcnt The Kahn leaction on the same 
gioup of cases 3 ields about 60 pei cent positne leactions These lesults aie 
to be compaied with those obtained in the 1928 League of Kations Conterence, 
at which the best tests detected aiound 60 pei cent of a known sjphilitic 
population 

2 Specificity — The icsults obtained in testing a geneial dispensaii popula- 
tion indicate that the incidence of false positne leactions is less than % 2 iei cent, 
as judged bj the histoij, clinical signs, 'Wasseimann leaclion, oi a combination 
of an}' 01 all of these ciiteiia In a control senes of 190 medical students, there 
was not a single positive leaction 

3 Simplicity of Picpaiation of Antigen — This is siifficientlj’ obvious fiom 
Section I 

4 Simplicity of Technic — Onh one tube is necessaij, and but 0 2-0 4 ce 
of deal seium No ehemieals aie necessaij saie salt solution, and no appaiatus 
sa^e pipettes, w'atei -baths, and centiituge 

5 Ease of Beading — The icsults aie so deal cut as to i educe to a minimum 
the factoi of interpretation One need not sciutinize the tube veij closelj' for 
tinj aggregates, as in the Kahn test, wlieii positne, tlie flocculation is apparent 
and reciuiies no trained technician foi its leading Occasional doubtful lesults 
can be usually lesolved into a definite positne oi a definite negatne bj' a second 
centrifugation at highei speed 

6 Cheapness The most expensne ingiedient is the most essential one the 
coin germ steiol Despite the jiresent high cost of this substance, the cost pei 
test IS onlj a fiaction of a cent One c c of antigen makes 2 3 c c of the final 
antigen dilution, sufficient toi either 50 oi 100 tests, depending upon whether 
0 2 01 0 4 c c of serum aie used 

7 It is suitable for immediate tests, as foi an emeigencv tiansfusion, in 
wdiieh case lesults can be lead wuthm an houi aftei the blood has been obtained, 
as well as for a highly sensitne foni-hour oi overnight test 

8 The antigen dilution keeps foi at least thiee davs if stoied in the ice 
box, indeed, the longer it stands, the moie sensitive it becomes Oui loutine 
pioceduie is to dilute the antigen with saline a day befoie it is used 

9 The test is not so finely adjusted that the slightest vaiiation in technic 
will make foi false negative or false positive lesults Snrprisiiiglj large laiia- 
tions in the amount of saline used m diluting the antigen (11-2 ce ), in the 
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age of tlie antigen dilution (onc-lialf hour to three da^s) in the pioportioii of 
antigen dilution to seiiiiu (1 -1-1 16) and ni the time of incubation (oue-lialf 
hour to 24 lioiiis) do not appreciabli aflect the lesiilts obtained 

10 Quantitatiie Tost A qiiantitatne test is leadih performed, bv deter- 
mining the dilution in nhicli a seiiini mil still gne a positne leaction as il- 
lustrated in the folloM mg set-up 


e 0 sernm 

04 

02 

01 

0 05 




0 05 

scrum diluted 1 

16, c c 




04 

02 

0 1 

SiCl X/7 

0 

02 

03 

0 35 

0 

02 

03 

0 35 

tntigen dilution. 

c c 0 04 

0 04 

0 04 

0 04 

0 04 

0 04 

0 04 

0 04 

heading 



- 

- 

- 

- 

+ 

— 

The serum 

IS positive up to a 1 

32 dilution. 

1 e , 

cont'ims 

units 



A flocculation test for si philis is described based upon the use of a beef 
heart extract sensitized mth both cholesterol and corn germ steiol Dried 
powdered beef heait (100 g ) is extracted three times mth four lolumes of anes- 
thesia ether, each extraction for ten minutes at 37° C The dried residue is 
extracted for three dai s i\ ith fi\ e x olumes of 95 pei cent ethx 1 alcohol After 
filtration, the powder is washed mth 95 per cent alcohol and the combmed 
filtrate and washings exaporated doxvn to 500 cc Cholesterol and com germ 
sterol® are then added each to a final concentiation of 0 6 per cent (600 mg 
for 100 c c of antigen) 

A measured xolume of the fimshed antigen is diluted mth 1 3 Tolumes of 
•1 per cent NaCl After iipenmg for at least half an hour (preferably oxer- 
mght) 0 04 c c of the suspension is added to 0 4 c e of inactivated serum (i e , 
prexuously heated at 56° C for thirtx* minutes) the tube shaken for txro minutes, 
and incubated at 37° C for four hours It is then centrifuged at >1500 r p m 
for ten to fifteen minutes 1 2 c c of 0 85 per cent XaCl are added and results 
read 

The reaction is sensitive to a degree (>70 per cent of known sxyihihtics) 
highlv specific (<%^ per cent false positixes) and simple to carry out The 
results are clear-cut a negative serum appearing homogeneous and diffusely 
opalescent and a positive serum melding a clear fluid xnth coarse coherent 
floccules The several points of advantage of this test are enumerated in the 
text Statistical results in more than 25,000 tests mil appear in a follomns 
paper 

It should be pointed out that the test as described in tins paper is not 
definitive The discoverx of other sensitizing substances which can be used to 
replace or supplement cholesterol and com genn sterol mav xxell make for an 
increased sensitixitx* and elantx mthout endangering the speeificitv of the 
results 


*Prcrir«<\ Dij;e^U\e Fermfnt>! Co Detroit. 
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THE VEENES-BKICQ-CTON PHOTOJtETBE" 


Its Application to Routine BiocncMiCAL AVork, AA^itii Special Reference to 
THE Estiji vtion OP PnospiiORLs IN Blood 


E Obermer, MD , AND R jMilton, B Sc London, AA^ 1, Engl-vnd 

' I ■'HE serologic application of the A^cines Biicq Yion Photometer and its 
use for the turbidimetric standaidization of laceines, ha\e gnen rise to a 
considerable liteiature A^eij little has been published houeiei on its applica- 
tion to chemical anahsis AVe ha%e not been able to tiace any refeiences in 
Biitish or American literatuie Poi leferences to serologic and vaccine voik in 
the English language Adelaide Bayliss^ and AA^ansej Ba3dj’- et al - can be con- 
sulted For a full deseiiption of the appaiatus vith illustrations, details of 
serologic technic, and a brief eliapter on its application to cliemical anahsis vith 
mierochemieal technic, the readei is lefeiied to Legcr and Martin “ 

Our ouTi expeiicuce uith the instiument has connneed us that it possesses 
oienvhelming advantages foi loutine ’biochemical analysis "We now use it ex- 
clusivelj’’ in place of the usual coloiimeteis and iiephelometers 

The pliotometei is an evtiemelv sensitive instrument for the measurement 
of coloi or tuibiditj in definite mathematical teinis The Introduction into the 
ej'cpiece of a monochiomatic scieen icndeis matching a simple process and does 
away with the usual eolorimetiic erroi due to optical idiosj'ncrasies of the in- 
dmdual observei The devisois of the instiument claim accuraev to within 
three scale divisions In this laboiatoi'j an expeiience of two 3 ears has shown 
all our technicians capable of measuiements which agiee within one division of 
the scale In appl3ing the instrument we have found that, foi a geneial con- 
centration of turbidit3^ or color, the ratio of light transmitted to light absoibed, 
V'lz , optical densit3% is constant, pi ov iding the conditions of preparation of the 
solutions are identical Poi a fuithei discussion of these conditions, the book 
ref cried to abov'e® will be found useful 

For the past sin 3mars we have been engaged in elaborating methods for 
the routine anal3"sis of all noimal constituents of blood, uiiue, and feces The 
scale of woik has necessitated the recNammation of piesent methods with the 
object of standaidizing technic in such a way as to satisfy the following eiiteiia 

1 The use of minimum amounts of biologic material 

2 Simplicitv of technic 

3 Sanng of time anil bench space 

4 Accuracj 

AVe first tested out the photometer for the anahsis of blood uiea *■ Up to 
this time we had been using a microgravimetric i.anth3"diol method " This was 

♦ReceiAed for publication August 29 1931 
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extrenielv accurate but necessitated much time and the use of a Sartoiius micro- 
balance A long senes of c'vpciinients o\er a six-month period eheched bi a 
nacrograMuietric method, shoued that the photometiie method furnished an 
even higher degree of accurae\ than the granmetiic method The photometne 
method "was also extremelv rapid and simple and necessitated the use of only 
0 2 c c serum 

"We then proceeded to try out the instrument for \arious other routine 
anahses TTe noiv haie tiio Vernes-Bricq-Yion pliotometeis in constant use in 
the laboraton The following routine anahses are earned out exclusively by 
pbotometne methods 

Phosphorus fractions in blood 
Phosphorus in urine and feces 
Sulphur fractions in blood and nrinc 
Magnesium in blood, urine and feces 
'Utie leid in blood and urine 
Urea nitrogen in blood 
Ammo nitrogen in blood 
Cholesterol in blood 
Hemoglobin m blood 
Creatme and creatinine in urme 
Protein in urme 
Calcium m urme 

IVe are working at present on the standardization of further nucro- 
photometric methods for the estimations of 

Sodium in blood, urme and feces 
Potassium m blood, urme and feces 
Chlorme m urme 
Sulphur in feces 

Of the abot e methods only the photometric Wood ntea technic has been pub- 
lished as mentioned abot e Recently a micropbotometric method for the estima- 
tion of blood sulphur fractions has been published The technic independentlv 
worked out bt these authors is very similar to our own Our present teehnic 
for the routine analysis of the other constituents of blood urine and feces will 
be pubbshed in book form in the near future In view bowei er of the fact that 
this instrument has been little or not at all used in the routine biocbeimcal labo- 
raton, ive hare considered it opportune at this juncture to eaU attention to its 
ad\antages As an lUnstration ne propose to give the details of a miero- 
Photometric s\ stem for the anah sis of the blood phosphorus fractions lUe hare 
also considered it useful to record the experimental work leading up to the choice 
of our present teehnie 


METHODS FOK BLOOD PHOSPHORUS ESTIMATION 

PrcviQuslT We bad at our disposal a cboico oE metbods based on the 
principles 


following 


1 Volumotnc 

2 Gravimetric 

3 Xcphclomctnc 

4 Colorimetric 
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For routine estimation of the lanous phosphorus fractions in blood, lolumetnc and 
granmetric methods ■nere found unsuitable Thej necessitated the use of too largo quantities 
of blood We -nerc left inth present micromcthods -uhich can be dnidcd into tuo groups 

1 Nephelometric or turbidimetric 

2 Colorimetric 

TURBIDIMETRIC METHODS FOR PHOSPHORUS ESTIMATION 

Exttitnff MethoSt — The literature contains scieral iccuratc methods based upon the 
capacitv of phosphorus for combining to form a uhite insoluble stnchnine phosphomolybdate 

(a) Embdeu' first utilized this principle in his grarinictrie technic 

(b) MiTb ich’ and Roche° precipitated the stnchnine salt in nitric acid solution 
and used a titrimetric endpoint 

(c) Bonn and Klcinnnnn*'’ hn\e published the onh present method for turbidimetric 
estimation of phosphoius 

For straightforward phosphoius estimation, Kleinmaiiii ’s method (as published bi Eona 
and Kleinmann), is to be recommended The author howcicr speeifits that the solution con 
taming phosphorus must be deroid of all organic matter before piceipitation can be attempted 
This necessitates ashing in the case of blood or trichloracetic acid filtrate, and is therefore 
not suitable for inorganic phosphorus estimation 

Attempted Photometric AppUcatton of Turbidimetric ^[cthods — Of the aboie, the onlv 
prmciplo which lent itself to a possible photometric appbcatioii, was that of Marbich and 
Boche We gi\e details of our technic below 

Fire tenths c c clear plasma arc added to 1 c c w ater This is 
mixed inth 1 c c of 20 per cent trichloracetic acid After standing the precipitate 
IS filtered off through a phosphoius free filter Fi\e tenths c c of the clear filtrate 
IS transferred to a small hemoljsis tube Two c c of water and 1 c c of strjchnine 
nitromolvbdate reagent are added This latter is prepared exteraporallj bj 
mixing 3 cc of a solution of 10 5 per cent ammonium iiiohbdate with 33 per cent 
strong nitric acid to 1 c c of a 1 per cent strychnine solution 

The contents of the IiciiioItsis tube are allowed to stand for twenty minutes 
At the end of this period the tube is iniertcd several tunes in order to obtain 
homogeneity The optical densifi is then rend in the photometer This optical 
density is compared on a pronoush constructed graph relating optical density to 
concentration 

Experimental EcitiUs XJ^ing Photometric Application of Turbidimetric Principles 
Using a standard solution of KH PO, the figures arrived at are shown m Table I 

These figures show that a constant turbiditv , i c , constant v ariations of optical densitr, 
can be arrived at when a puie phosphoius solution is used 


TABtE I 


MG P IN' SOL 

OPTIC U. DENSITIES 

0 001 

9 

10 

9 

0 002 

23 

25 

23 

0 003 

33 

35 

35 

0 001 

50 

54 

50 

0 005 

66 

64 

66 

0 006 

85 

87 

85 

0 007 

101 

100 

101 

0 008 

IIS 

117 

117 

0 009 

135 

135 

135 

0 010 

148 

152 

150 
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Before -rpplMng tins mctlvod to blood, ^^c cndenorod to nscortnm the influence of 
tricUoncetie acid on the stabiUtr of suspension Bsnig the proportions of free and nentra 
lized trichloracetic acid demanded bv the technic, armed at the figures shown in Table II 


Table II 


OPTIC A.L DENSiaUES 


MG P IV SOL 

PURE SOL. 

i 

SOL 0 25 c c 20 pep 

CENT TRICIILORACETIC 

1 ACID 

SOL. - 0 25 C C SOD 
TPtCSLOKACETATE 

001 

10 

7 

10 

003 

35 

23 

26 

005 

65 

49 

57 

007 

100 

97 

91 

009 

135 

145 

120 


These figures show that the addition of the reagent alone interferes with stabditv of 
suspension to such an extent as to make the method unreliable A concomitant senes of ex 
perunents using blood provided confimiatorv evidence As a standard of comparison we used 
the orthodox Briggs Colonmetnc method mentioned below This had prevaouslv been used as 
a routine method m this laboratory (Table III) 

Table III 


iNOEGANne Phosphoscs Content or Plasma 


BRIGGS COLORIMETRIC METHOD 

PHOTOMETRIC APPLICATION' OP ADOPTED 

1 TERBIDIMETEIC PRINCIPLE 

4 05 mg 

% P 

3 94 mg 

% P 

4 10 mg 

% P ' 

3 15 mg 

% P 

4 10 mg 

% P 

3 40 mg 

% P 


In new of these findings, the question of suspension stability seemed too complex to 
warrant further work along these hnes We decided therefore to confine ourselves to a 
coloTunetrie technic 

MICROrOLORIilETRlC METHODS FOR PHOSPHORUS ESTni\TIOX 

Existing ilethodc — The literature contains a large nnmber of accurate microcolonmetne 
methods The more important of these can he tabulated as follows 

a Bell and Doisv" first suggested the use of molvbdic acid in order to produce a 
blue color 

Hriggs’’ modified the above using hvdroquinone bisulphite 
e Benedict and Tlieis*- incorporated minor improvements in technic 
d Kay and Robinson’* a Variations of the 
e Maitland and Kohison’ L same 

f Stanford and Wlieatlev” J principle 

e Deniges' pnt fomard the principle of the reduction of phosphomolvbdic acid 
stannous cblotide 

h Kuttner and Cohen” carefully investigated Deniges’ principle, and showed that 
definite baits of reactmg substances gave specific reduction for phosphorus 
althougli hotli arsenic and sibca might ho present in tlie solution in lame 
amounts 

1 Toungburg and Vonnghurg” confirmed this work and elaborated a svstem for 
the nncroanalv«cs of the various phosphorus fractions m blood 
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3 FibKc and Subarroav” made \crj evtensuc imcstigations on the possible sub 
stances avhieU oiill reduce pbospbomoUbdie acid Thej selected aminonaphtliol 
sulplionie acid 12 4 for phosphorus reduction in the cold, and found that this 
substance gave a more intense blue color than all others tried bj them 

Photometric Applications of Colorimetric Technic — On theoretical grounds vre con 
sidcred the following three methods out of the list gneii preiiouslj, most suitable for imesti 
gation (1) Fiskc and Subarrov,® (2) Benedict and Thcis,” (3) Toungburg and Toungburg’" 
Attempted Photometric Application of Ftsle and Siiharron Method — ^Photometric ap 
plication of this principle was found impraetienblc owing to the extreme instability of the 
aminonapthol sulphonatc reagent The reducing strength of this solution apparently vanes 
from hour to hour While this fact docs not impair its utiliti for colormietrie purposes, it 
would necessitate preparing a fresh graph for each photometric estimation This method was 
therefore abandoned ns unsuitable 

Experimental Bcsults Using Photometric Application of Benedict and Theis’s Colorimetric 
Technic — The following tcchnio w as adhered to To 1 c c clear plasma add Sec of 20 per 
cent trichloracetic acid and 2 c c of distilled w atcr Shake and stand for five minutes Filter 
through a phosphorus free filter paper To 2 c c of the filtrate add 5 c c of water, 1 c c of 
hj droquinone bisulphite solution, and Ice of molj bdic acid solution Place in a boding 
water bath for ten minutes Cool under running water and read in the photometer 

In applying this technic we find tint particular care must be taken to ensure constant 
conditions Benedict and Thois recommend fifteen minutes boiling The figures given in 
Table IV indicate that this period is too long The greenish tinge which appears after ten 
minutes depresses optical densit) Ve ensured standard conditions b) the following means 


TAniiE rv 


P CONT OF SOL. 

TIME OF BOILING 

OPTICAL DENSITY 

0 020 mg 

5 min 

35 



7 min 

45 



9 min 




11 mm 

64 



13 min 




15 min 

57 

Greenish 


17 mm 

57 

tinge 


19 min 








The tubes were placed in a boiling water bath adjusted so tint the contents reached boiling 
within one minute 

At the end of ten minutes the tube was taken out and cooled to room temperature under 
running water If the tube is allowed to cool spontaneously a considerable loss of tune is m 
volved, and the chances of error are greater Oxidation is ajit to occur at the top of the tube 
even if stoppered 

A graph relating optical dcnsitj to concentration was prepared from a standard solu 
tion of KH PO, as shown in Table V 


AMT OF P IN SOL 


0 005 mg 
0 010 mg 
0 015 mg 
0 020 mg 
0 025 mg 
0 030 mg 
0 035 mg 
0 040 mg 


Table V 


EQUIV % OP P USING See 
OP FILTRATE 


OPTICAL DENSITIES 


1 25 mg 

2 50 mg 

3 75 mg 

5 00 mg 

6 25 mg 

7 50 mg 

8 75 mg 
10 00 mg 


16 

34 

52 

68 

89 

105 

126 

143 


17 

34 

52 

69 

85 

106 

125 

144 


17 

34 

52 

68 

86 

106 

125 

143 
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Esing a sample of human blood plasma, the method uas tried out against the original 
colorimetric technic, and the following figures wore arrived at 


PnOTOilETRlC METHOD 

•1 20 mg % P 
4 2o mg % P 
4 30 mg 7c P 
4 25 mg % P 


COLORIMETRIC METHOD 

4 0 mg 7o P 
4 25 mg Vo P 
4 10 mg Vo P 
4 20 mg % P 


A long senes of parallel estimations showed that it nas possible to get good results 
with the above technic On the other hand the method necessitated catreme care ivitli the 
boilmg conditions and other manipulatisc details The method was also a lengthv one All 
these factors decided us against adopting it for routine purposes 

Experimental Pesidfs Jjsing Photometric Application of Toungbiirg and Toiingburg’s 
Method — We nest attempted a photometric application of Toungburg and Youngburg s 
method The theoretical adiaiitages were 


1 Small amount of blood required 

2 StabUiti and puritv of reagents, none of which are organic 

3 Specificitv for phosphorus 

4 Saving of tmie in manipulation 


PiTst we proceeded to applv the original technic as gii en ba Youngburg and Youngburg 
with the foUowmg eseeption For inorganic pbospUorus we used 1 c c of filtrate representing 
0 2 c c of plasma, instead of 2 c c as in the origmal tcchme For total acid soluble phosphorus 
we took 1 c c of blood filtrate, instead of 2 c c as m the original teebme A graph was pre 
pared using a standard solution relating optical densitv to concentration as shown in Table TI 


Table VI 


ACTUAL P IS SOL, 

EQIHV 7o P 

OPTICAL DU'JSITY 

0 002 mg 

1 mg 

16 

0 004 mg 

2 mg 

31 

0 006 mg 

3 mg 

45 

0 OOS mg 

4 mg 

60 

0 010 mg 

5 mg 

74 

0 012 mg 

6 mg 

88 

0 014 mg 

7 mg 

103 

0 016 mg 

8 mg 

IIT 

0 018 mg 

9 mg 

131 

0 020 mg 

10 mg 

144 


Before proceeding to cam out estimations of phosphorus in blood, we made a senes of 
experiments to test the accuraci of the method 

Effect of Substances in Physiologic Quantities on Color Produced — ^Table YII shows 
the results arrived at when substances nsualli met with in blood plasma were added in 
phisiologic or somewhat larger quantities 


Table YXI 


SIJBSTVNCE ADDED 

IMOtrsT or PHOSPHORUS POHSD 

All 

0 5 c c 
02 ec 
0 2 c c 
02 cc 
0 2 c c 
02 cc 
02 cc 
02 ec 

20V! TncWoncetic acid 

2 Vo Urea 

IV, IsaO 

IVo MgCl 

IVo CaCl 

OlV Eric Acid 

2^ Glucose 

0 5V ka;o, 

MG 

0 020 

0 0199 

0 0196 

0 020 

0 0202 

0 0206 

0 0204 

0 020 

0 0206 

MG 

0 016 
OOloS 

0 0160 

0 0158 

0 0156 

0 015S 

0 0160 

0 0160 

0 0160 

MG 

0 012 

0 0120 
OOllS 

0 0120 

0 0120 

0 0120 

0 0120 

0 0120 

0 0120 

MO 

OOOS 

0 00S2 

0 0078 

0 0082 
OOOS4 

0 0080 

0 0078 
OO0S4 

0 0076 
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It iMl] be seen that the color produced is not iffocted bj substances eien nell over 
plnsiologic limits The small difTerenccs aic no grcatei than could be attributed to cxperi 
mental erroi, nith one cNception It mil be noticed that sulphates do have a definite although 
small effect This point mil be talcn up again nhen no consider the method as applied to the 
anahsis of total acid soluble and lipoid fractions in blood 

Effect of Taryinq Ammmi’s of Stannoiii Clilonflc — ^Ivuttnor and Cohen'’ state that the 
lunits of concentration of stannous chloride for color deielopmcnt are 0 020 and 0 022 per cent 
stannous chloride in the final solution Kuttnei and Lichtenstein ' on the basis of further 
ivorh state that this is too tonsenatiic and that the optimal zone of color production can he 
extended to 0 01 0 03 per cent The figuris in Table VIII tend to confirm that the original 
limits as giien bv Kuttucr and Cohen aie too nan on It mil bo seen that lery little lariation 
in coloi IS produced betnecn such mde limits as 0 15 0 3 per cent 


Tabi,e VIII 



OPTICAL DE^SITY ITH \jUt\I\G CONCNS OP STANNOUS CnLOIUDE 


0 005% SnCl 





0 04% SnCl 

0 004 mg 

34 

Han 

31 

31 

29 

34 

0 008 mg 

05 

02 

50 

60 

58 

67 

0 012 mg 

103 

05 


88 

85 

90 

0 016 nig 

142 



117 

118 

124 

0 020 mg 

170 

152 

146 

144 

142 

148 

Nil 

14 

15 

20 

20 

26 

27 


Satisfied mth thosi. prcliminan exporiments ne pioceeded to test out the method on 
“routine bloods” m the laboraton 

Expenminial Eesults Usinq Blood Plasma — J Eshmalwu of Inorqamc Phosphorus 
Fraction Yoiingburg and Voungburg’s original technic nas •dliered to The reader ivill 
find details of the technie as modified for photonictrie use, at the end of this article Esti 
mations in tiiplieate on two bloods gave the following tipieal results 

a 3 4 3 35 3 35 mg per cent Phosphorus 

b 3 SO 3 SO 3 80 mg per cent Phosphorus 

In order to test the accuracy of these figures ne carried out the follonang experiments 

1 Parallel estimations in comparison mtli the photometric ipiilieation of Benedict 
and Theis’s method (Table IN) 


Table IN 


NAME 

uekedict’ 

S ADAPT 

X OTJNGBDBG A 

TOUNGBURG ADAPT 

MM 

48 

mg 

% 

p 

47 

mg 

% P 

PA 

52 

mg 

% 

p 

5 15 

mg 

% P 

P V 

4 7 

mg 

% 

p 

45 

mg 

% P 

MM (serum) 

46 

mg 

% 

p 

45 

mg 

% P 

46 

mg 

% 

p 

46 

mg 

% P 


4 8 

mg 

% 

p 

46 

mg 

% P 

P 

45 

mg 

% 

p 

4 7 

mg 

% P 

1 

4 6 

mg 

% 

p 

4 8 

mg 

% P 

O’Br 

52 

mg 

% 

p 

46 

mg 

% P 


5 0 

mg 

% 

p 

51 

mg 

% P 

H 

3 35 

mg 

% 

p 

3 6 

mg 

% P 

XCIV 

46 

mg 

% 

p 

4 7 

mg 

% P 


46 

mg 

% 

p 

4 7 

mg 

% P 


46 

mg 

% 

p 

4 6 

mg 

% P 


48 

mg 

% 

p 

46 

mg 

% P 


2 Parallel estimations mth a maerometliod using laige amounts of animal blood 


(Table X) 
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T\ble X 


MICRO ES•mIATIO^ (0 2 C C PLASMA USED) 

3 5 mg per cent 
3 5 mg per cent 
3 6 mg per cent 
3 5 mg per cent 
3 5 mg per cent 


MtCKO ESTIJIATION (120 CC PLASJtA LSED) 

3 30 mg per cent 
3 30 rag per cent 
3 50 mg per cent 
3 46 mg per cent 
3 46 mg per cent 


(The macromethod ms i titrimetric application of Xeuman’s method of 
precipitation of ammonia phosphomoUbdatc, the actual technic bomg an application 
of the method given b\ Rona and Klcinmann'’ for phosphorus m urine ) 

3 Recoverv of hnoivn quantities of phosphorus added to blood plasma (Table XI) 


Table XI 


OEIG P COXT 
or BLOOD 

PHOS ADDED 

PHOS FOrVD 

PHOS PPCOVtPED 

% 

PHOS PECOVEPED 

0 0071 mg P 

0 002 mg 

0 0092 mg 

0 0021 mg 

105 


0 002 mg 

0 0092 mg 

0 0021 mg 

105 


0 004 mg 

0 0111 mg 

0 0040 mg 

100 


0 004 mg 

0 0113 mg 

0 0042 mg 

105 


0 006 mg 

0 0132 mg 

0 0061 mg 

102 


0 006 mg 

0 0132 mg 

0 0061 mg 

102 

0 OOH mg P 

0 002 mg 

0 0061 mg 

0 0020 mg 

100 


0 004 mg 

0 0081 mg 

0 0040 mg 

100 


0 UU6 mg 

U UlOO mg ] 

0 0059 mg 

98 4 


0 008 mg 

0 0121 mg 

0 0080 mg 

100 



0 012 mg 

0 OiliU mg 

0 0119 mg 

99 7 

1 


technic 1th tn proceeded to applv the 

acid soluble anO ! modifications mentioned above, to the analvsis of the 

t>on, nhil le iau" amenities during the process of oxida 

f ca vre sliall go into in some detail 

Phosprorriaro^rt"^ introduced for 

OMdLrslr t ™ B-»^™anu- TVe agree in finding it far superior ‘o the other 

produced i^th 2 “TTa 7 ^ °= oolor is 

fobe scieral ties “vren d In '“P the 

op neivquantrs of livbd """ experiments me mere obliged to male 

findmgs' On a Iri ild ’i concordant mith previons 

tint the limits of ili a reference to this subject, Knttner and Cohen” state 

I" our eiienoe t^ ri" “the final solution should he betmeon 0 n/X and 1 Oo'/X 
'verohoi^vcr uibi to anf "" 'P'-'-^-tv of the method for phosphorus i’e 

rr™- 

- .t ..v..«nc „.a ,„ IS zi‘z 
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present jii tlic graph solution ^o]lo^Mng on from this -ne -noie led to go into the whole 
question of oxidation When the original technic of Younghurg and Youngburg is adhered 
to, it IS a fact that some H.SOi is used in the ovidation process, and that some is also lost in 
the sweeping out of the final traces of H O from the combustion tube 

Using great care to asoid unneeessnrj loss of If SO, no carried out experiments to 
assess the degree of error introduced by loss of acid 

Using 3 cc of plasma dnided into three equal parts, ne prepared three trichloracetic 
acid filtrates in the usual nai One and file tenths cubic centimeters of each filtrate nas used, 
and heated with 0 75 10/N sulphuric acid and oxidired nitli II.O The solution was then 
boiled, cooled and completed to l.a cc This 15 cc nas diiidcd into three equal parts for 
the purposes of the experiment (In fact onl} 4 tc could be used for one part, oning to un 
aioidablc pipette error ) The three portions of 15 c c each were utilized as follows 


1 Tiventj five hundredths of a cubic centimeter of 10/N U SO, was added to 
the 5 c c and the anahsis completed cxactiv is per Youngburg and Youngburg ’s 
modified teclmic, as adapted to photometric use The amount of phosphorus 
found in each of the three specimens is 

0 00422 mg 
0 00407 mg 
0 00407 gm 

2 Pive cubic centimeters nas titrated to find the sulphuric acid content IVe found 

[0 25 cc 10/N II SO, ga\e an equnalcnt figure of 2 54 c c of N NaOH] 

1 5 c c of solution contained 2 30 c c N UjSO, 

Loss = 0 18 N H.SO, 

2 5 c c of solution cont lined 2 38 c c N H SO, 

Loss = 0 10 N H SO, 

3 5 c c of solution contained 2 4 c c N H.SO, 

Loss = 0 14 N H SO, 


3 Four cubic centimeters nas corrected for lost sulphuric acid before completing 
the estmiation, and our findings were as folloivs 

[As the volume of solution nas 4 cc instead of 5 cc, it nas nccessan to add 0 3 cc 
10/N E SO, to the 4 c c ] 


SUPPLEMENTARY H SO, ADDED PHOS CONT 

1 1 44 c c 0 0031C 

2 1 28 c c 0 00316 

3 1 12 c c 0 00316 


CORRECTED POB 5 CC 

0 00305 mg 
0 00305 mg 
0 00395 mg 


A similar senes of experiments ncre earned out on the Lipoid fractions Three portions 
of the same plasma were precipitated and extracted in 10 c c alcohol ether Six cubic centi 
meter of each filtrate nas oxidized with 1 cc 10/N H SO, After boiling the oxidate was 


completed to 15 c c 

This solution was utilized ns follows 


1 Five cubic centimeters of the solution nas estimated exactly as per the Young 
burg and Youngburg modified teclmic as adapted to photometric use We found 

1 Phosph contamed = 0 01020 mg 

2 Phosph contained = 0 00990 mg 

3 Phosph contained = 0 01005 mg 

2 Four cubic centimeter'’ of solution was titrated to estimate acid lost in oxida 
tion [0 3 c c 10/N acid gax e 5 08 c c N/1 NaOH] 

1 3 47 c c of N NaOH reqd i e 4 34 c c for 5 c c 

Loss = 0 74 c c N 

2 3 56 c c of N NaOH reqd i e 4 45 c c for 5 c c 

Loss = 0 63 c c N 

3 3 54 c c of N NaOH reqd i e 4 42 c e for 5 c c 

Loss = 0 66 c e N 
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3 Five cubic centimeters of tlic solution were corrected for 
phospborus content asccrtsincd M c found 


lost acid md the 


SLPPLEMENTArY ACID ADDED 

1 0 74 c c 

2 0 63 c c 

3 0 66 c c 


PHOS COST 

0 00‘>44 
0 00944 
0 00924 


These results are summarized in Table XII 


Table XII 


ACID 

SOLTTBLi: FRA.CTION 

Liponj ruAcnoN 




% EEROP 

PTPECT ESTil 

M:ODiriOATION' 

addtvg lost acid 

% EFPOE 

0 00422 mg ! 

0 00395 mg P ! 


0 01020 mg 

0 00944 mg P 

7 5% 

0 00406 mg 

0 00395 mg P 


0 00990 mg 

0 00944 mg P 

4 7% 

0 00406 mg 

0 00395 mg P 

2 6% 

0 1005 mg 

0 00924 mg P 

7 6% 


These findings show a percentage error at least sufificicntlv great to be taken into con 
sideration This wonld in our experience also apply to the original Toungbnrg and Young 
burg colorimetne technic TTe suggest therefore, that workers using this techme should take 
cognizance of this source of error anu correct for it 

To summarue our conclusions denied from the esperiraental results with Youngburg and 
Youngburg’s techmc described above, we finallv came to the conclusion that the original 
Youngburg and Youngburg teclmic is suitable for photometric adaptation to the analysis of 
morgamc phosphorus It is not suitable for the estimation of total acid soluble and Upoid 
fractions without modification If, lioweyer, any acid lost in the oxidation process is collected, 
it gives excellent results 


DETAH^ED DESCRIPTION OP PHOTOMETRIC TECHNIC FINALLY ADOPTED 
For the use of workers who intend to nse the photometer for routine analysis of 
phosphorus fractions in blood, we append the exact teclmic used in this laboratory For the 
cstahbshment of the preliminary graph nsing a standard KH.FO, solution, ue refer readers 
to Table Y TVe desire also to call attention to the necessitj of using clear plasma (or serum), 
which must be free from any traces of hemolysis The routine followed in our laboratory is 
to use a portion of the plasma collected under parafiin for the estimation of blood alkabne 
reserve, this is rapidly separated oft from the corpuscles bv eentrifugalization 
Jicagents — 1 Viodium Molybdate solution 

112 gm molvbdic acid m 450 c c water Neutralize with caustic 
soda (about 54 gm ) Boil for thirty minutes and make up to 
200 c c 

2 Sulphuric Acid 

37 o c c sulphuric acid added to 100 e c water 

3 Molybdic Acid Solution Iso 1 

50 c c 7 5 sodium molvbd ite plus 50 c c 10 'X sulphuric acid 

4 ifolybdic Acid Solution No 2 

50 c c 7 5 sodium molvbdate plus 50 c-c. 5/X sulphuric acid 

0 Stannous Clilonde 

10 gm stannous chloride in 25 t c cone hsdroeldonc acid Dilute 
1 c c to 200 c c. 11 itli water for use 

G Alcohol Ether 

75 c c alcohol mixed mth 25 c-c ether 

1 Twenty per cent Tncbloracctic acid 

S Hvdrogcn peroxide (40 yols ) 

A /I 11^0, solution (must be exact) 

10 N/1 NaOII solution (must be exact) 
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Technic — Preparation of Filtrate To 0 8 ec plnsiin 'idO 16 cc mix in a test 

tube Then add 1 6 cc 20 per cent triebloracetic acid and sliabe Mgorously Alton the mix 
tore to stand for fifteen minutes, filter 

1 Inoiganxc Phosphorus Traction Take 1 cc of the filtrate, 0 cc natcr, and 2 cc 
niol'bdic acid solution No 1 Mix, add quickh 1 ec of tlio dilute stannous chloride solution 
Allow to stand for about fiie minutes, lead the depth of color produced in the photometer 

Prepare a control tube, and replace the filti itc by distilled w iter Note the difference 
in these tiro readings on the special graph gmiig tlie result in mg phosphorus per 100 cc 
blood 

2 Total Acid Soluble Phosphorus Traction Tike 12 cc of the protein fice filtrate 
Add 0 0 e e of 10/N sulphuric acid in a Pi rex tube Heat with addition of hydrogen peroxide 
until a clear solution is obtained, taking care (a) to avoid unnocessarj loss of sulphuric acid, 
and (b) to insuie sweeping out excess of Iiidrogen peroxide in the tube Cool, add 2 cc 
water and boil Cool, transfer quaiititatiieli to a 10 c c graduated cjlinder Complete to 
6 e c and mix 

Pipette out 1 e c of the solution into a small flask Titrate with N/1 soda from a micro 
burette Calculate the amount of sulphuric acid in the remaining 3 c c Do a control titra 
tion at the same time on 0 3 e c of lO/N sulphuric acid, thus ealoulating the amount of sul 
pliuric acid lost during comhustion Add the amount of sulphuric acid lost using N H SO, 
to the 3 cc in the cylinder, complete to 7 c c with water, add 2 cc inoljbdic acid solution 
No 2 and 1 cc stannous chloride Read in the photometer after fiie mimitcs 

d Lipoid Phosphorus Fraction Pipette 3 c c of the ether alcohol mixture into a test 
tube with a 4 cc graduation mark, using a fine bore pipette idd 0 2 cc plasma sloirh, cork 
and shake well, bring to boil, stand for ten nnimfos, cool, complete to 4 cc, shake to mix, and 
filter Then 24 cc of filtrate is oiaporatcd to dnness in a hard glass test tube Six tenths 
of a (fubic centimeter of 10/N sulphuric acid is added, and the contents cautionsli heated 
and oxidized irifli hrdrogon pti oxide The subsequent estimation of phosphorus is as for acid 
soluble phosphorus, caie being taken to make good anx acid lost in combustion 

SUMXIAR\ 

1 It IS claiinecl that the Vcines-Biicq-Yx'on photoinetei lepiesents an ad- 
vance 01 ei all othei coloimieteis and nephclonietei s common]} used 

2 Reasons aie given foi this claim A table is gixen shoving the chemical 
constituents of blood, urine and feces foi the analxsis of vliicli photometric 
methods have been evolved in this laboiatoij As an illustiation ot the steps 
taken to evohe lapid photometiic methods foi loutine laboiatorv use, the esti- 
mation of phosphoins fi actions in blood is discussed in detail 

3 Existing neplieloinetrie methods toi blood phosphoins estimation aie 
discussed The photometiic application of tliese methods is nnpiactieal Reasons 
are gnmn foi tins statement 

4 Existing miciocoloiinietiie methods for blood phosphoins estimation aie 
discussed 

5 Expeiiments aie discussed shoving the attempted application of the 
ammonapthol sulphonic acid 124 phosphoins i eduction method Reasons aie 
given for its lejcction 

6 A desciiption is gneii of an attempted photometzie appheation of Bene- 
dict and Theis’s modification of Briggs colorimetric metliod It is found to give 
accurate figuies Its disadx antages aie gixeu as reasons for not adopting it as a 
routine laboratory method 

7 A pliotometne application of Youiigbuig and Yonnghuig’s colorimetric 
method is described 
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S Etpeuments aie described jiioiing' tlie accniaet oi tins method for the 
estimation of the inorganic phosphorus fraction in blood 

9 ETpeiinients aie described sliomng tlic source of error in the oxidation 
proce‘« of Yoiingbiirg and Yoiinghuig s technic This renders \oungburg and 
Youngburg s technic inaecuiate for tlie aiiahsis of the total acid soluble and 
hpoid pbospbonis fractions in blood 

10 A modification is suggested i\ Inch docs an ai mtli this source of error 

11 A micropbotometrie technic foi the anahsis of the phosphorus fractions 
in blood IS gn en in detail This method has been used for some time as a routine 
m the authors’ laboratom, and found to be simple, time-saMng and extremelj 
accurate 
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PRELIMINARY REPORT ON THE USE OP AN laiPROVED FORM OP 

ELECTROCARDIOGRAPH" 


Bt Willi ur D Reid, M D , Booton, 3Iass 

'^HE introduction by Emtboven of the stung gahanoinerei, oi electrocaidio- 
graph, in 1903, and its subsequent use in the laboiator 3 ^ and in the clinic 
marked an important adiauce in the undeistanding of ceitain cardiac conditions 
Theie are now available foi electiocaidiogiaphy many models of the string 
galvanometer tjqie and a feu combining a a’acuum tube amphfici uitb an oscil- 
lograph Doubt has been cast upon the aceuraej^ of the lattei tj’’pe of instru- 
ment ^ Ernstenc and Levine- obtained lecoids uith both instiuments and found 
onlj’- small differences in the recoids, thej" concluded that the amplifiei-oscillo- 
giaph tj'pe of electrocardiograph gai^e lecoids of sufficient accuraev to warrant 
continuation of its use, basing this conclusion upon the assumption that the 
string galvanometer was a suitable standaid of comparison This assumption 
however, in view of the lesults discussed below, is not tenable Aetiiallv, the le- 
sults obtained from the two D-pcs should be different if the amplifier-oscillograph 
equipment is pioperly designed 

DETECTS or THE STRING GAI VANOMETER 

It would seem that the medical piofession has assumed that the string gal- 
vanometex is a suitable mstiument, in the sense that it mil faithfully lecord the 
vaiiations m electiical potential that occur in the human heait However, this 
opinion IS not concurred in by electrical engineers , they use the oscillograph al- 
most exclusively for recording such variations in elect! ic potential 

A detailed discussion of the defects of the sti ing galvanometei is about to be 
published by membeis of the Department of Electiical Engineeimg of the Massa 
chusetts Institute of Technologj’’ , I am peimitted to abstract some of this aitiele “ 
Two significant defects are discussed First it is shown that the wave forms 
recorded by the string galvanometei become distorted when frequencies much m 
excess of 20 cycles per second aze present In addition a wave (the QRS from 
a normal electrocardiogram) was subjected to what is known as haimonie 
analysis, a form of mathematical analysis, and it was disclosed that the frequency 
of the components invoh ed gi eatly exceeded 20 cycles per second It is stated’ 
“The relative amplitudes show that these higher harmonics are of gieat impor 
tanee in determining the wave foim, and any failure to lespond equally at both 
high and low frequencies must result in distortion of the wave ” 

•Prom the Evans Memorial (Research Department of the Massachusetts Memorial 
Hospitals) and Boston Unhersitj School of Medicine 
Received for publication, October 23, 1931 
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The second source of error in. the recording of changes of electrical potential, 
le, in the eleetrocaidiogram, bv the string galvanometer lies in the presence of 
body resistance m the measuring circuit To quote^ “Under average condi- 
tions, the resistance of the human body is about 2500 ohms between terminals 
such as are used in electrocardiographie studies The gali anometer resistance is 
usnallv of the same order of magnitude Hence the cuirent which flows in the 
galvanometer is controlled as much hj’’ the internal i esistance of the body as by 
the external resistance of the measuring circuit Although the gah anometer 
resistance is substantially constant, the bodv resistance may i ary and thus alter 
the shape of the wave on the record ” 


USE OF Ajr rUPROl'ED FORM OF ELECTROCiVRDIOGR \PH 

An apparatus is described^ which more suitably fulfills the principle re- 
qmrements of any electrocardiograph, which are first, it must produce records 
vhich accurately depict the variations of eleetromotne force impressed upon 
It, second, the records thus produced should be of sufficient size to permit ac- 
curate mterpretation It consists principally of a special tube ampbfier and an 
oscillograph 

In the followmg is presented a preliminary report of the apphcation of this 
new instrument in the field of electrocardiography, and a few records obtained 
hv its use 

Apprommately 70 tracings have been taken of 56 patients, on both tbe strmg 
galvanometer and tbe new equipment An analysis of tbe voltage recorded, or 


Table I 

COlrPAEISOV or Voi/TAGE BeCORDED bv AiTPETFIER TVPE AID) BV IMBPOVED FOEM OF EiSCTEO- 
OAEBioGEAPE With That Becoed-ed bv ai; Eikthoves Stbihg Galvavomvteb, Two Seeies 


OF 25 Patievts TV Each Cohpapisov 

Wave 

status' 1 

stjaiber of leads' 

AVERAGE 

bIFFZREVCE 

MAXIMAL DHTEBEVCE' 




AitP’ 

nip* 

AMP = 

IMP' 

AilE* 

imp’ 


stme 

23 

19 





P 

lotrer 

4S 

15 

0 02 

0 02 

0 05 

0 07 


lugher 

4 

41 

0 01 

0 04 

0 01 

0 18 


same 

49 

37 





Q 

lover 

21 

12 

0 03 

0 02 

0 05 

0 06 


higher 

5 

26 

0 02 

0 03 

0 02 

0 13 

B 

same 

10 

3 





lover 

64 

24 

010 

0 09 

0 37 

0 34 


higher 

1 

48 

0 08 

0 19 

0 OS 

0 90 


same 

2S 

34 





s 

lover 

higher 

43 

31 

0 05 

0 09 

0 20 

0 34 


4 

10 

0 05 

0 04 

0 10 

0 11 


same 

32 

23 





T 

lower 

lugger 

41 

O 

12 

40 

0 05 

0 01 

0 03 

0 03 

0 11 

0 01 

0 05 

0 15 


: Th^ nV;VT.nA . “ , recoraeo dj Etnns gaUanometer 

3 Thn instrument tested by Emstene and Lertne ' 

1 standard «'eclroeardlDcraj)b reported In this article 

" In miiufoul number of leads total '3 
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the amount of the e\cuision fiom tlie baseline, shows that it is not identical in 
the leeoids obtained bj- the ti\o instiunients The details aie gnen in Table I, 
an which is included a summaiy oi the lesults obtained by Eiiistene and Leiine- 
in then compaiison ot the electa oeardiogi anis taKen bi the Einthoien stiing 
gahanometci and an aniplihei-t\ jae electiocaidiogiaph Then compaiison a as 
based upon a senes of twenty-fiie cases, as is oiiis in Table I The fact that the 



I 



Fig 1 — Normal rhjthm from case of rheumatic mitral stenosis 
P-'ua\es and R-^va^es In this and In the subsequent illustrations the new electrocaraiogra 
is mounted abo\e that taken bj the string gnhanometer tjpe is belo^^ The time 
dlcating one fiftieth of a second Is at tlie bottom of new record In the string i ® p, 

record the time inters als are indicated b> the con\entionaI abscissae the fine ones equal o 
twenty-flfth of a second the coarse ones equal one-fifth of a second 


standaad three leads weie lecoaded in each of the 25 patients causes the figiues 
given to total 75 

In brief, Table I presents a check, in amount of electiical potential recorded 
in millivolts, of the nev appaiatus against the string galvanometei and against 
the ampMer tj-pe of electrocazdiogiapli tested hy Brnstene and Levine - Sub- 
ject to the limitation that the patients used bj^ the latter and by me were not 



lMPnO\'Fr) rOKM or U.t.CTROCAUDIOGRVPU OlH 

the same incluiclnals tlie suggestion is that their aniplifiei tjpc of electrocardio- 
graph aud tlie iicii apparatus do not giic identical lesults 

The latter equipment permits the spicading out of tlie electrocardiogram, if 
desired to such a degree that but a single cardiac beat is lecoicled on a 36-inch 
strip of papei The ^\a^es can be amplified ■mthont loss of aceuracr, to almost 
the full width of staiidaid oscillogiaph papei (3J inchest In the present study, 






! 







Fjg 2 — Normal rh\thm Note details of the QPS complex 

howecei, attention has been concentiated upon a practical (Fists 1 to (j) rather 
than upon the freak size 

Some ot the oscillations in Figs 1 to 6 do not originate in the heart of the 
patient Since these elcctiocaidioarams weie obtained, further imestigatiou 
>as been made b\ Caldnell Olei and Peters thee discuss= the sources of these 
me oscillations and methods for their preieiition 

DICCI-^IOX 

^Thore is a desire to utilize changes in detail of the elcctrocaidiogram in th« 
mmiosis of mipaunient of the mtocordium such as is prone to occur in the 
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presence of coionarv tluombosis There can be UtUc dispute that if small dif- 
feiences aie to he ot diagnostic \alue, the electrical recoid must be aecuiate 
Confidence m the acciuaci' of the eleetiocaidiogiain cannot in \iev. of the rvoik 
of Galdrvell et al he placed in lecoids made hr a stung gahanometei , it would 
seem that it can if such or similai equipment as ther describe be used 

Some rrares are of insufficient amplitude and mam notchinns aze too incon- 
spicuous to be leadilr studied in electiocaidiogianis taken aceoiding to the pre- 
sent standardization on the instiuments eommonlr used This improred form ot 




4 — Dela^cd conduction The P-P Internal measures 0 27 second 

electiocardiograph makes it possible to amplify and spread out the electrocardio- 
grams mthout loss of accuiacr One accustomed to the studr of electrocardio- 
grams experiences the sensation tliat now lie can stndx under high porver, of the 
microscope, records which forraerh could he xiewed onh under low power 
Reference to Figs 1 to G mil disclose the manner in ulncli the improxcd equip- 
ment records the haieh risible notchmgs and thickenings of wares m the conven- 
tioml tr-pe of electrocaidiouiam as definite notchings and alterations m eontonr 
of the respectir e rvar es 

It IS distmctlr piobable that the standardization that is part of the conren- 
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tional technic o± electioeaidiogiaphy makes the iceoid too small to piopeih dis 
close some of its details Adoption oi a tcchnic that pioduces a somewhat laigei 
and moie spiead out electiocaidiogiam, lacihtated h\ this impioved equipment, 
gives piomise of disclosing new infoimation pei taming to cazdiac phjsiology 
Examination of the electiocaidiogiams aliead-s obtained with this impioied 
equipment giies me the temeiitj to adiocate such a change in the standaidiza- 
tion emploied (pioiided the impiovcd equipment, oi similai is used) in 
elect! ocai diogi apln 




Fig B — Auriculir abnllition Some clifTerence is apparent in the contour of the QRS 

complex 

It IS appieciated that dining lecent yeais at least thiee electroeardiogiaph 
equipments using vacuum tube amplifieis inth an osciUogiaph haie appealed 
upon the maiket These pioduce leeoids similai m appeal ance to those made by 
the Einthoven stung gahanometeis Thei undoubtedly possess some of the ad- 
vantages of the equipment used in the instiument desciibed bj^ Caldwell, Olei, 
and Peters, but as the lattei state^ “No attempt is made to irapioie upon the 
conventional tjqie of recoid ’’ It is cnipliasi/ed that the workers at the ]\Iassa 
chiisetts Institute of Technologv did not seek to lepioduee the lecoid obtained by 
the stung galvanometei , but diiected then effoits ton aids assembling an equip 
ment that would pioduce the best tjpe of record of the changes m electiical 
potential oecuiring in the human heait 

It IS not possible as >et to state nhat -will lesult fiom the use of this im- 
pioved form of electroeardiogiaph in the field of electiocardiogiaphy It may 
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take veals with some ]aboiatoi\ eApeiiments and with mall^ of these new elec- 
trocaidiogiams eoi related woth the clinical iccoids and ncciopsw findings, to de- 
termine what new infoimation, if am, can be obtained b% the use of this moie 
accurate and inoie efficient instiunient There can be little doubt that the oppor- 
tiimti aftoided bi the new eqiiipiiient thoroughh wan ants full and hopeful 
investigation 

There are numeious pioblems of research along physiologic lines which need 
an instrument moie capable of lecoiding minute changes in electrical potential ® 
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Fig 6 — \uricular flutter 


It IS believed that thisimpioied form of electrocardiograph represents a suitable 
mstrument 


This preliminarv leport is oftered particularlv for the information of those 
who desire to a\ ail themselves of the opportunities afforded bv a better instm- 
rnent for electrocardiographv and plivsiologic research 


SUMMUlY 

The Emthoven stiing galvanometer is not a suitable instniment for eleetro- 
cardiograph\ m the sense that it does not faithfullc record the lapid lanations 
nr electrical potential that take place in the heait 
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The inipioiecl foiin o± electiocAidiogiapli is suitable £oi sucli i\oik The 
■woikeis at tlie j\r<issaehusetts Institute of Tecliiiology diiectcd their investiga- 
tion to the asseiiihling of an equipment tliat uould faithfully lecoid the rapid 
changes of electiital potential oceuiiing in the heait, and that Mould produce 
the best foiin of lecoid, latlici than of attempting to lepioduce the comentional 
electi oeai diogi am 

This impioved equipment peiimts the amplification and spieading out of 
the electi oeaidiogi am, uitlioiit loss of aeciiiaev, so that the details of its ivaies 
may be studied Adoption ol a technic that pioduces a somewhat laiger and 
more spiead out leeoid is achoeated 

It seems hopeful that the futuie use of tins impioied foim of cleetiocaidio 
graph ivill disclose neu infoimation pci taming to the heail 

This impiovcd equipment should also be of definite assistance in the pursuit 
of pioblems in physiologic lequiimg the leeoiding of lapicl changes in electiical 
potential 
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ANEROID-TYPE Of’ TA3IBOUR FOR RECORDING RESPIRATORY 
MOVEIMENTS xVND INTRATHORACIC PRESSURE" 


Burgess Gordon, MD , Piiiladelpulv 


C ERTAIN difScnlties aie expeiienced Mith tlie lubbei diaphiagni tjqie of 
tamboui in lecoiding changes in icspiiatioii The tension of the diapluagni 
laiies and tlie thiead it Inch secuies the lubbei to the bell of the instru- 
ment mai become loose As a lesult fallacies mat occur in the tiacing 
and not infiequently it is uccessaiv to adjust the appaiatus dining the expeii- 
ment Since the tension of the lubbei inai laiy, compaiatne studies vitli the 
same “set up” aie not entiielj eoiiect Piutheimoie the iiibbei niaj disinte- 
giate due to heat, the action of foieign substances and vhen not in use To 
replace the lubbei is time-consuming 

The folloMing is a deseiiptioii of an instiument nhich has been found 
useful in recoidiug changes in the lutiathoiacic piessiiie the rate and depth 
of lespiiations in mail and animals A housing 7 5 cm in length and 3 5 cm in 
Midth (dnided into tno coinpaitmeuts) contains aneioid and eceentiic nnits^ 
The aneioid consists of fiie chambeis which aie constiucted fioni “crimped 
Geiman silvei sheeting 025 nim in thickness A valve stem nith an opening 
into each chamber passes thiough the eentei of the aneroid and into the outer 
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■wall of the housing Mlicrc it is connected Mitli brass tubing 14 cm in length 
This tubing senes as the conduit foi an and is the part for attachment of 
the tamboiii to the upright stand The distal end is connected mth the rubber 
tubing uhicli leads to the pneumothorax needle or chest recording hose The 
other end of the lahe fits into a collar which is screwed to a shaft 0 5 cm in 
length This passes thiough the partition and into the othei compartment 
where it is connected bi means of a pimon to the lateral aim of the eccentric 
The central part of the eccentiic is clamped to a eoncaie moiable base which 



Fig 1 Fig 2 


. 1 — A This IS "i cross section showing the aneroiO and eccentric units 

^ '=cre\\ which regulators the swing ot the eccentnc 'ind recortler 

, 2 — -Shows the tamhour attached to the upright stand and a section of the rub- 

oer tubing for connection with the pneumothorax needle or chest re'^ording ho«e 

fits closeU in the lateral section of the compartment The aluminum recorder 
IS clamped in a box which projects from the central part of the eccentric A 
partial rotation of the eccentnc comeits the horizontal motions of the aneroid 
mto lertieal movements The aim and recorder haie free excursion through an 
opening 2 5 cm in -width at the end of the chamber The base of the eccentric 
adjustable hv means of a set screw This provides a means for regulating 
the degiee of reeoider excursion above oi below the neutral line 

The apparatus is bght in weight, easih poi table, and comparatneh rugged 
m construction 

The instrument is manufactured bv Geo P Pillins and Son Companv 
Philadelplua “ 


A SBIPLIPIED INSTRUMENT FOR 3IEASURING SIETABOLISM* 


By Allen D Garrison, Pii D , Houston, Texas 


TT HAS occiuied to the authoi that, with the glowing demand for measuie- 
-*■ meiits of basal metabolism, the instiiiments a%ailable foi the puipose piesent 
some decided d]sad^ aiitages fiom the standpoint of mani phvsieians and tech 
nieians who would like to be prepaied to make such measuiements 

The first disad\antage is one of cost It w'ould appeal that mam physicians, 
paiticularly those in small towms oi otheiwise isolated fiom well equipped labo 

I atones and hospitals, would fiequentlj hd%e occasion to measuie basal metabo 
lism, but hesitate to iiiiest $200 to $700 in one of the instruments now available 

Purtheimore, one famihai with metabolism measuiements will also leeog 
nize ineonveniencies othei than fiist cost instmments wdiich lecord oxygen 
absoiption rates hi a Imnograph lecoid, such as that used in the Benedict-Roth 
01 the McKesson designs, haic the disad\antage of ceitain inaccuracies due to 

II regular breathing, and the lesiiltant seiious difficulty of estimating the aAeiage 
slope of a line draivn along the base of a second ^elT wmbblv cuive, the demand 
for puie oxygen often amounts to an incomenience, since tanks must often be 
shipped fiom a distance, and while the Douglas. Bailei and similar methods 
ayoid both of these tioubles, one is leqiiiied to be a faiily good gas chemist with 
considerable capital 

The appaiatus illustrated in Pig 1 has been designed to eliminate, as fai as 
possible, some pait of the lneon^ eniencies and inaeeuiaeies of metabolism meas- 
urements and, at the same time, to fill a need wdiich may not be completeh filled 
bj more complicated and expensne instmments, naineh, to supply a simple 
durable, poi-table, let inexpensne and accuiate deuce 

The pimciple of the measuieraent is a dcpartiiie fiom preiious piaetice 
This instrument collects exhaled an oaci a measiiied time (a definite niimbei of 
exhalations), and measuies the entiie amount of caibon dioxide exhaled m that 
time Bi the use of the lespiratory quotient, it is a simple mattei to calculate 
as if oxygen had been measured diiecth ’ 

(A) IS a iigid containei foi the exlialed an wdiich is led into the space (R) 
from the subject thiough an oidinary mouthpiece and flexible tubing, containing 
flutter valves (not shown in the illustntion) Exhaled an coming through the 
flexible tubing (V) and the tube (I/) mav be dneeted eithei into the space (B) 
of the contamei (A), or it may be deflected out into the outside an bv turning 
the four-way vah e (K) 

A diaplnagm (D), opeiating on the piinciple of a gasometei, divides the 
container into compaitments (B) and (C), and can be opeiated by pushing oi 
pulling the rod (E) which is equipped with a handle at its uppei end and 

^ Tprom the Department ot Plnsical Chemistry The Pice Institute 

Recehed for publication Not ember S 1931 

S14 



V SniPLiriLD IXSTUbJlENT TOU AlC AIETABOEISM 


SlO 


emerges tluougli the top of the container thioiigh a packing joint {F) 'vsith a 
knurled nut foi adjusting tlie compicssion on the packing It mil be eiident 
that the gasometer diaphragm {D) contiols the lelatnc ^olumes of the spaces 
{B) and (C) and that the \\atei in the loiiei half of the container serves as a 
gas tight seal hetvvcen these spaces, whether the diaphragm is in the raised or 
lowered position The % olume of w atci nccessar\ to eftect this seal is i educed by 
constructuig the bottom of the container in the inannei illustrated, therebj re- 
ducing the w eight of the apparatus 



A glass manometer of eomentional design is pronded at (G) to make it 
possible to see when the pressure inside the apparatus is identical with 
atmospheric 

The compartment (C) is open through tube (if) to a container for soda lime 
or other absorbent of carbon dioxide and thence through tube (J) to the four- 
wn% nhe (K) The soda lime container (7) is pronded with screens at each 
and an opening inth a suitable gas-tight stopper at (0) The coek at (P) is 
pronded to dram the bottom of the tube (il) of anr water spilled from (C) or 
01 anr hqmd alkali from (7) and to facilitate the adjustment to atmospheric 
pressure subsequentlv described 
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A giaduated glass ejhndei (Q) is piOMded to measiue tlie quantity of 
water to be added to the containei tliiough the rubbei tubing (R) and the stop- 
cock (S) An adjustable clamp {T) holds the graduated cyhndei in position 
The giaduate {Q) is fiom 300 to 500 cc capacity and graduated m not largei 
than 5 c e diyisions 

The theinionietei (U) indicates the tenipciatuie of the gases in the con- 
tainer 

A metabolism measuiement inai be conducted as follows The apparatus, 
pioperlj’’ filled ivitli Avatei and absoibent fox caibon dioxide, is placed by the sub- 
ject Slouthpiece and nose clip aie applied as usual, and the subject diaus air 
fiom the room oi tliiougli a tube fiom the outside air and exhales it tliiough the 
tubes {N) and (1/) and out tliiough (L) xvitli the lahe (7i) set as indicated 
Graduate ((?) is filled ivitli yatei to the zeio maik, stopcock (S) closed, cock (P) 
opened, the diaphragm (D) laised to its highest position and the packing nut 
tightened nitli the fingeis until the fiiction on the lod (E) just pieyents the 
diaphiagm fiom falling under the foicc of siaiity The contents of the ap 
paiatus will be at atmospheiic picssiue 

The opeiatoi watches the bieatliing of the subject, pieferablv bx obseriing 
the motion of the fluttei \al\e, and just at the end of an exlialation, he tin ns the 
yalye (K) to the position indicated In the dotted line and staifis a stopwatch 
Exlialed an enteis (B) and dines the diaphiagm domx displacing the an in (C; 
tliiough the tube (L) The hngei the appaiatiis the gi eater the accmacs but 
the authoi has found that tyentv to tliiitx bieaths aie sufficient to get an ae 
cuiacj compaiable nith oi bettci than the accuiacv of the lecording type of 
instrument 

AVlien the opeiatoi sees that the diaphiagm has almost i cached its lowest 
point, he again turns the ^alve (Zf) back to the oiiginal position and stops the 
stopwatch at the end of an exhalation Thus a definite numbei of bieaths ait 
accumulated in a measuied time The caibon dioxide exhaled in this measured 
time mat be estimated as follows 

With the ^alye (If) left in the position indicated bv the hcaiy line, the cock 
(P) IS left open foi a few moments itliile the an is coming to constant tempeia- 
ture When the cock is closed the contents of the appaiatus aie left at atmos 
phciic piessuie If the gasonietei diajihiagm is lifted, the exhaled an ni space 
(P) Yill be dinen to space {C) tliiough the absoibing substance and the caibon 
dioxide will thus be lemoied Seieial strokes of the diaphiagm yiII insure the 
complete lemoial of the caibon dioxide This removal will lover the pressure, 
and dining the absoiption the cock (8') must be opened and vatei run m to take 
the place of the caibon dioxide and keep the jnessuie at atmospheiic 

When the absoiption is complete, the diaphiagm is lowered to the bottom 
the position at the stait of the absorption, and the apparatus is left standing for a 
few moments while the tenipeiatuie becomes constant again and while anv water 
lapoi which may Iiaie been lemoved by the absoibent is being replaced by eiap 
oiation Watei is then luii in oi out of the giaduate (Q) until the manometer 
indicates that the pressure is atmospheric With watei in the manometer, this 
adjustment mai be mad" -very aeciirateh, and the amount of caibon dioxide lead 
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Irom the giaduate Anth an cnoi of less than one per cent The fall of water m 
the graduated CAhndei (Q) is nieasTucd in cubic centimeteis and is taken as the 
\olvnne of the caibon dioxide exlialcd in the measuied time and absorbed in the 
appaiatus at atmospheiic piessnie Xo collection is necessarv for water lapoi, 
since the space is satuiated at the start and at the close of the determination 
and leakage is a\oided since the contents ot the appartus is neier far lemoied 
fioni atmospheiic pressuie at ani time duiins the determination 

The author has made compaiison determinations of basal metabolism using 
this device and an instiunient of well-known make haiins a hrmoaraph oxvgen- 
recoiding equipment The following data weie obtained on one compaiison run 

Tibce 1 

DiTi Obtained Octobfp 4, lOSl 


SniPLlriED INSTKCMENT RECORDING INSTPCJirNT 


Temperature 

= 26° 

Temperature 

= 26° 

Pressure 

= 764 mm 

Pressure 

= 764 mm 

CO Tolume 

= 200 cc 

0 Ejte from Kvmo 


Time 

= 1 mm 8 sec 

graph 

= 1 68 liters 

CO Eate/hour 

= 10 60 liters 

For T ime 

= 8 mm. 

TTsing EQ = 0 82 and correcting for 

0. Bate/honr 

= 12 6 liters 

CO in the air 

the 0 rate was 



calenlated to be 

= 12 77 liters 



Calones/sq meter =34 8 

Calories/«q meter 

= 34 3 


Difference = 

1 45 per cent 



It Will be observed that the instrument described gai e a value 3i 8 calories 
per square meter where the recording device gave 34 3 calories per meter On 
inspection of the kvmograph record, it was found that the extent to which the 
slope of the breathing line could be estimated mav haie been m error by as 
much as the difference observed Furthermore the time required for the re- 
cording was eight minutes while the time for the simplified determination was 
onh one minute, eight seconds Onlv fifteen breaths were collected vet the ae- 
curaei compares favorablv ivith the lecording method The reason for this is 
obnous the irregularities of breathing were recorded in one instrument, 
a\ eraged in the other 

This brings up the question of the most convenient size The author regards 
a minute and a half as a minimum time for collecting a sample although he has 
demonstrated that a little oser a minute will give results comparable with the 
recording method This means a minimum of twentv to tw enti -five breaths, and 
demands a container at least fourteen inches m diameter and thirteen to fifteen 
inches high Larger instruments are more accurate and would not be found m- 


comenient eicn for those desiring a portable apparatus It would not be im- 
practical to make the apparatus as large as the desired accuraej demands 
Turthermoro, the process of nicasuimg the carbon dioxide contained in twenty to 
thirti breaths (approximatch 200 to 500 c c t to an accuracy of 2 e c has its'ad- 
'antages os or a rocoiding of larger lolumes with larger errors m that the sub- 
ject IS subletted to less inconc cniencc and it is possible to make two determma- 
lons and aicrage the results m the time required to make one measurement of 
c<linl atcnraci In the ovc gen recording method 
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Anotliei adi'antage to be denied fiom tlie simplified method is in the ehmi- 
uation of the need of puie Oi.y{?en The subjeet bieathes an, and if that is diami 
thiough a tube fiom outside a windoii, the caibon dioxide content ivill be too 
small to intiodnce much eiroi eien if neglected Houevei, it is a simple mattci 
to make a blank deteiminatiou of the caibon dioxide in the an and let the subject 
bieathe fiom the air of the loom Other advantages aie the simplicitj of the 
operations and the lack of complicated paits and adiustments Enough soda 
lime mav be pioiided to make fifti to seicntv-five deteiminations inthout at- 
tention The manipulation is as simple as a fieshman chemistiv expefiiment, and 
the calculations mav be made fiom the oidinaiv chaits foi the puipose 

The authoi is not able to giie an aeciiiate estimate of cost at the present 
time, but the facts that a ten-dollai stopwatch maj be substituted foi a kjuno 
giaph reeoiding device, and that the icst of the appaiatiis is simple in propoi- 
tiou, indicate that the deiiee could be made at a reasonable hguie 
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MODIFICATION OP USE OP MTIIGHT’S STAIN® 


By P D LaRochelle, M D , SpRiNcriELD, ItlASS 


U P TO the time of the appeaiance of Schillings book “Das Blutbild und 
Seine! Veiveitung ’ in 1929 w'e w'eie using Jennei ’s and Wiight’s stain foi 
blood smeai-s mteichangeablj" inth a slight prefeience foi the latter These had 
foi 3 *ears given fan lesults in a numbei of instances but neithei compare ivith 
the results obtained w'lth pioeedures iniohing the Giemsa stain On trving out 
the technics as described by Schilling, and Schleip and Aldei “Atlas dei Blut 
kianidieiten’’ wm obtained good lesuIts, but found the piocess an exceedinglv deli 
cate one, and we soon discovered that this delicacy ivas not due to the stains 
themselves but rathei bound closely with the hydiogen ion eoncentiation of the 
water The results from Giemsa stain weie so good that we endeavored to 
simplify the technic, and bj making a few modifications, we have been able to 
obtain with gieat ease smeais that aie in eieij waj equal to the best results ob 
tamed from Giemsa technics The technic heie desciibed aims at i educing the 
chances of variations in concentration to a minimum 

The microscope, bglit, filters, stains, glassware, and especially the watei must 
all be bi ought to an optimum condition, and this of necessitv demands time and 
attention , but the results are well woith the effort 

The glasswaie must be clean and of the best quality, and luiusual pieeau- 
tions should be taken to prevent contamination with acids or alkalies oi othei 
chemicals The purpose of the technic here described is to make these precau- 
tions more oi less unnecessary, but thej should at least be kept in mind, and if 
good results are not obtained, it must alwavs be remembered that the water is 
usually the factor responsible 
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Naturally smears must be yell made, Ave usualU folloy the technic de- 
scnbeclhv Schilling although ye find slides about as satisfacton as co^ er-glasses 
for spieading the blood 

As a iiiie the time nccessaiv to tia\el fiom the patient to the laboiatoiv is 
sufficient foi the smear to diy in an , tiic minutes is a satisfactory' time in an 
ordinal! lOom Undei no circumstances is heat to be used throughout the 
process, the small adiantage gained is more than offset In the danger of damag- 
mg the blood 

TECHKIC 

Once the smear is dij* it is placed o\ei a yatei class whose marem must 
describe an exact horizontal plane if the stain is to floy eienlv 'V\ right’s stain 
IS then added, 30 diops is the usual quantity, to coier the smear and in two or 
three minutes an equal quantiti of specialh pi epai ed water is added 

Prepaiation of the water is the important step "SVe formerly used distilled 
water but now we prefer tap water To piepaie the watei a gallon from the tap 
IS drawn into a clean bottle and a smear stained in the usual war to determine 
the hydrogen ion concentration , our water is too acid and requires about 5 drops 
of 5 per cent NaoH per gallon This xaiies of course and must be adjusted for 
erer! source A few smears are then stained and NaoH added drop by drop until 
the desned tmt is obtained In some localities it might take less than 5 drops 
But the important point to remember is that bad results come from the water 
Once the proper hydrogen ion concentration is found other factors such as stains 
time, etc , are of secondary importance and excellent smears are obtained with 
little care and few failures 

The eomhmation of Vright s stain and water is left on for two or three min- 
utes and to this mixture is added 5 to 6 diops of Giemsa’s stock solution and 
nuxed rapidly by tilting the glass , as a rule six to eight minutes is the best time 
to stain but this may be decreased or increased accordmg to circumstances with- 
out mateiial changes in the end-result In onr instance this procedure intensi- 
fies somewhat the basic stain and this is offset by washing in tap water that is 
shghtly acid Naturally the use of tap water for washing is a great convenience 

The smear is then diied in an by standing it on end and examined with oil 
IVe hai e found liquid petrolatum preferable to cedar od for this purpose 

This technic mas appear complicated but leally it is not and can he learned 
by the aierage student technician in a few houis, and to us has gi\en more uni- 
form and better smeais than any technic used pienouslv 

SUMMARI OF TECHWIC 

1 Coier smear with Wright’s stain, about 30 drops, two to three minutes 

2 Add equal quantity prepared water 

3 Add 5 to 6 drops Giemsa’s stock solution for six to eight minutes aceord- 

mg to shade desired ’ 

I Wash with tap water 

0 Dry m air 

6 Examine \\ ith liquid petrolatum 

The SrnxGriru) Ixfii'M \tit 



THE ESTIMATION OP BILIKUBIN IN BLOOD SERUM* 


B\ M\rjorie Picken'S, B A , \^D L BAU^rAX, MD , New York City 


' I '■HE deteimination of bilirubin in scium has, become a loiitine piactice in the 
hospital in eases of jaundice The qnantitatnc coloiimetiic estimation of 
^an den Bergh depends on the fonnation of an a70 dye tlnough intei action of 
bihiubin and diazoti7ed sulphanilic acid The oiiginatoi at hist emploved <i 
diazotmed solution of biliiubin itself as a standaid ol compaiison Biliiubm, 
howeiei, is lerj^ expensive, difficult to obtain in puie foim, and is leadih oxi- 
dized to a gieen pigment vhcn in solution Poi these leasoiis van den Bergh 
suggested the use of an ethci solution of standard feme thioejanate vliicli has a 
coloi comparable vitli that of a/obiliiubin In oui hands this salt has been 
preferable to the cobalt solutions more icccnth icconimended 

In the liter atuie ve vcie unable to find a comparison of icsults vheii both 
bihrubm and non standaids weic used on the same sample of blood For a con 
sideiable time we weie doubtful of the accuracy of the method ivhen the sub- 
stitute was used The likelihood of eiapoiation of the lolatile soheiit virile in 
the eoloiimetei cup and the difficulty of exactly matching colors seemed real 
stumbling blocks Poitunateh, after consideiable effort, i\e seemed some chem- 
leallj’- pure biliiubiii The results vhich follow were obtained on the same sample 
ot blood seium witli the tvo standaids 


Results Obtained Wnia, TTsiso the Tiro Standirds on the Same Simple of Blood 


niLIRUDIN 
mg % 

FERRIC TniOCTTAKATE 
mg % 

BIURUniN 

mg % 

FERRIC TniOCVANATE 
mg % 

44 

49 

13 4 

13 0 

23 

32 

53 

4 3 

2 7 

3 2 

35 

3 3 

3 1 

3 2 

13 9 

14 0 

5 7 

42 

3 7 

3 2 

3 9 

30 

11 8 

11 1 

14 

1 5 

12 9 

13 0 

14 

1 5 

89 

9 7 

2 8 

2 1 

35 

3 2 

28 

2 1 

118 

10 0 

20 

2 1 

10 5 

95 

15 0 

15 4 

3 7 

3 4 

13 6 

13 5 

0 2 

00 

19 9 

21 3 

00 

74 

39 

4 0 

10 1 

10 9 

9 0 

11 1 

4 0 

5 3 

94 

10 9 

9 0 

93 

14 5 

12 5 

3 1 

2 9 

9 1 

9 2 

5 5 

46 

9 6 

88 

07 

6 5 

52 

4 5 

0 8 

6 9 

117 

12 8 

11 3 

10 6 

70 

70 

38 

3 6 


•From tlie Chemistry Laboiatorj, Department of Surgerj Presbjterian Hospital and 
Col“'"^ggJJ”edefor^publlcatIon October 3 1931 
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821 


The methods cmplo^ed A\eie those of Gieene, Snell, and T\ alters' for the 
serum, 'uhile the hiliiuhin standard was prepared and treated aeeordrng to 
ChrraT and Threbaud " 

The results, while not srrfircrcntly accurate for scientific work, may be re- 
garded asmcceptable for oidirran' clinical purposes 

REFERFNCES 

1 Greene, C H , Snell, A M , and W alters, tV A Sur\ej of the Tests for Hepatic Function 

Arch Int Med 36 24S, looj 

2 Chiray, M., and Thi4baud, F Un nouveau Procede dc Dosage de la Bilirubine sanguine 

par une Mcthode dc Hi m iiis i m den Bergh modifiee P ins med 1 400 1029 


A DEVICE DESIGNED TO SDIPLIPY THE HAXDLIXG OF 
CELLOIDIX SECTIONS'' 


Br IiIOEKlS hlASS B S vxn X VTHAX ScHAFFEK, B A , il D , XEtVARK X J 


'T'HERE are distinct disadvantages in the present methods of handling cel- 
loidin sections Vith the method in vogue after the section has been cut 
and placed in SO per cent alcohol it is earned through the various solutions by 
means of a glass rod flattened at one end The section curls about the "lass rod 
and in order to free it a small amount of agitation must be produced In so 
doing, the ti«sue tears and separates from the celloidin sheet Since agitation is 
repeated in each of the fluids tearing is an invariable result at some stage 

Again when the section is transferred from the eosin into the concentrated 
alcohols a marked amount of sui face tension is set up and this too causes tearing 
IVhen the section is carried into the clearing fluid the surface tension is still 
greater, the section is tom still more and in some instances destroved 

Onlv expert technicians can obtain good results with the present method and 
often after a certain amount of failures The work of lifting the sections with a 
glass rod, and of only running thiougli one section at a time makes the process 
ven tedious This is cspeciallv trae of ev e work where serial sections are desired 
The time needed to run through twenty sections is appioximately five hours and 
constant caie must be piacticed throughout 

I\ e hdv c dev ised a simple apparatus to ov orcome the abov e disadvantages 
This appaiatiis is easilv constracted and easily handled The materials consist 
of ordinarv eoppoi window mesh lead solder and small numbered tabs, as are 
used in niimbeung animals Squares one and one-half inches m length are 
cut out of the coppm mesh the edges of which are strengthened witli a thin 
border of lead soldci The small numbered tab is soldered to one comer Two 
squares aic lunged together using cither a strand of wire from the mesh or by 
nnkmg a small lunae out of flue tubing and an ordinarv pm (Fig 1 ) A small 
clip IS made out of a piece of flat metal (Fig It In order to facilitate 
handling of a number of those frames a carrier is made utilizinu one of the 
sqnaics and soldering v\ire to the edges 

•Frotn lUe Clinical and r-itliolf i:ical l^lioruont i ark Eeth Prafl Hoenitni 
1 o<Ko<l for pubHcAHon No\tmlvr “ 1 31 ^ 
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■'STien the section has been cut and placed in 80 pei cent alcohol it is floated 
onto an open fiame held bctiieen the thumb and fiist tiio finjrcrs of the left 
hand The section is kept smooth hi means of a fine biusli held, in the right 
hand (Pig 2 ) It is then seemed bi closing the frame and attaching the clip 
The closed fiame is non placed into the SO per cent alcohol until needed There 
IS no dangcT of sun confusion as tbese frames are seriall\ numbered The loaded 
frames are placed on the caiiiei and dipped into the different solutions By 
virtue of their mesh construction the fluid drains casili from the frames and 
the earner and the lattei mar be tapped lightli against the sides of the lessels 



Fig 3 


nathout injury to the tissue (Fig 3 ) Lastly, the frames are placed into the 
clearing fluids a feiv moments, opened, and the sections floated out onto the 
respectively numbered slides and mounted 

The adiantages of this device are readily seen ^Manipulation and surface 
tension are reduced to a minimum There is little overlapping and urinkhn" of 
the section on the slide The staining and mounting may be done by an in- 
experienced technician u ith no danger of damage to the tissue The time neees- 
^ri to run through tuenti sections is one-fifth that used m the old method As 
mani sections mav be done at one time as there are frames made In eye work 
this dei-ice is imaluable, not only because the aboie disadvantages are eliminated, 
hut the lens is preserved intact 



A CYANnEMATIN STANDARD FOR THE SAHLI 
HEMOGLOBINOMETER''' 


B\ Roblkt D BvnNABD, Chicago, III 


'T^HE use of pme lieiinu as a standaid foi ]ieniogIobinometiy lias recently been 

lepoited bA Elvehjcin (1931) Such a step maj be consideied an advance 
ovei othei methods for piepaiation of standaids, at least in those laboi atones 
Avhere gasoinetiie deteiminations of oMgcn capacity die not aAailable With 
pui e liemni staiidai ds may be u eigbed out , can be i eneu ed as often as is deemed 
neeessaiA" aud foim a basis of compaiisoii attainable bj uidelj sepaiatcd 
laboi atones 

Since 1930, we liaAc been using a standaid of cyanliematin iirepaied fiom a 
Aieighed sample of hemin Baked hcmatiiiized blood is diluted uith ejaiiide 
solution and compared Avitli this standaid in the S.ihli coloiinietei 


SOLUTIONS REQUIRED 

1 The standard is made bj dissohnig 64 nig of cnstallin hemin piepaied 
bA' the method of ChalfeicAi t in 1 litei of 1 pei cent sodium ca aiiide solution 

2 A solution of appioMiiiateh 0 05 molar 1ia dioeliloiic acid, to Aihieli a fcAV 
diops of eapiAlic alcohol aie added This solution lakes the blood and conA’erts 
its hemoglobin to acid lieniatiii The capiA’lic alcohol pi ca cuts the fiothing 
Ashicli IS oidiiiaiih tioublesomo Ailien AAOiking AAith tlie Saldi colonmetei 

3 A solution of 1 pei cent sodium ca anide This solution is used to dilute 
the acidified blood in the colonmetei chanibei as it conA'eits the acid hematin to 
CA anhematin 

PROCEDURE 


The standard tube of the Sahli instiumeiit is bioken off close to the top and 
the acid hematiii suspension is discarded The tube is then cleaned and filled 
AAith the cjanliematin standaid (Solution 1) (Tlie ongiiial solution picpaied 
in this laboi atoiy has kept its coloi Aalue foi oaci one Acai ) Tlie tube may be 
sealed in a flame oi AAith a small paraffined eoik 

Poi the dilution of the blood sample, the original dii actions foi tlie use of 
the Sahli lustiunient aie followed, Avitli tlie exception that the final dilution is 
made intli cj anide solution The colonineter tube is filled to the iiiaik “10 
AA'ith 0 05 molai hydiochlonc acid (Solution 2) Blood is draAni into a 20 cinin 
pipette, the tip is Anped diA% aud tlien placed duectl3^ undei the leAel of the 
hj'droehlone acid in the eliambei It this is done caiefullj, the coipuscles a\iU 


•From the Clinical Laboi aton of the Chicago Free Dispensan and tlie Department 
Pliisiolog-j of the Chicago Medical School 

Recehed foi publication No\ember 7, 1931 j ,,i,ir.h 

tSOO cc of deflbrlnated or citrated blood is added to 2 liters of glacial acetic acid n men 
has been heated to SO" C As soon as the temperature Ins fallen to the helghborhood ot 
the liquid Is again he ited to MF The crystals which should form it once are „,i,T,-'^nftpr 

washed with seteral changes of distilled water then with alcohol and Rnall} with ether a 
which thej are dried at 115° C 
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form a la^ er beneath the acicl and t]\e pipette rvalls may be rinsed in the clear 
supernatant fluid 

The contents in the chambci are mixed so that hemolisis oceuis Wlien a 
deep brown coloi results 1 per cent sodium cjanide (Solution 3) is added, drop 
bi drop until a eoloi compaiison is secured 


CoiiPirvnxE DrrErMixvTiONS of Hewogi-Obin Concentfation 


NEWCOMER METHOD 

CTANnEilATJN JIFTHOD 

13 75 

13 36 

13 60 

13 54 

15 90 

15 30 

12 30 

12 4S 

12 30 

12 17 


CALcrnmoxs 

The value of “100” on the scale of the Sahli instrument with the cyan- 
hematin standard herein described, represents a blood sample wbicb contains 
1 imllimol of iron or 16 67 gm of hemoglobin in 100 c c of blood To determine 
the gram percentage of hemoglobin from the reading of the instrument it is 
necessan onh to divide the latter figure hi 6 For example if the color com- 
parison IS secured when the meniscus of the fluid in the color chamber is 72, the 
^ram percentage of hemoglobin is 72 — 6 = 12 The arbitrarv normal of 16 67 
IS chosen because it represents an even decimal fraction of the molecular equiva- 
lent of hemoglobin and is at the same time close to the figure given by Newcomer 
for the average (16 93) content in human blood 

It IS felt that certain disadi antages ordinarily ascribed to the Sahli hema- 
tometer have been overcome by adoption of the cyanbematin standard The 
advantages of the present method are 

1 The simplicity of the original instrument is retained 

2 The colloidally dispersed hematin, vuth its complex absorption bands is 
replaced by a true solution with but one absorption band in the visible spectrum 
Theoreticalh , the latter color will more stricth conform to Beer s law and prac- 
ticalh, jt IS easier to match 

3 The final color lalne of ejanlicmatm is attained instantly 

i It IS possible to complete a hemoglobin determination on blood which has 
madiertcnth become clotted in the pipette feneb a sample may be digested mth 
pepsin and In drocbloric acid and then com erted to c% anliematin 


REFERENCES 

Elvehjcni^C^A^^Th^o^Prepwation of Stanfl ird Ac.d Hemitm Solutions From Hemm T Bio! 



A TRANSPARENT RULE FOR SIEASURING BASAL 
METABOLISM GRAPHS'' 


B S Levine, Pu D , Chicago, Iee 


'^niS papci pieseuts a desciiption of a simple tiaospaient lulc foi ineasui- 
mg basal metabolism giaplis Aftei tvo >eais’ ev-peneiice vatb tins lule, 
I believe that its adi outages aie tliieefokl fiist, it enables the use of nniuled 
papei Avitli the Sanboin-Giaphic, Saiiboiii-Benecliet and the Roth-Benedict 
appaidtus, second, it can be used m measniing the giaphs obtained ivith am 
of the machines just mentioned, and thud, it gives the final readings diieetlj 
and simultaneouslj in teims of cubic centimeteis of o\jgen consumed per 
minute and caloiies of heat ladiated per hour No mattci -which appaiatus 
IS emplojed, the calculation of the final lesults is consideiabR simplified, since 
the tables compiled for the use with the Roth-Bcnedict machine can be used 
vith the graphs obtained bv eithci of the tvo Sanboin appaiatus, and nee 
veisa 

The 1 educed photogiaphic lepioduetion of the lule shows its simplicity at 
a glance (Fig 1) 

The lelationship between tlic scale measurements of the lule and the dis 
tances of the intersection points, desciibed below, is a trigonometric one, the 
rule may, therefoic, be enlarged oi i educed fiom its original size vithout in anj 
way distuibing its geueial applicability Tlie most suitable size is one of 
from 8 to 10 inches squaie 

In using the iiile pioceed as follovs Place a plain white sheet of paper 
around the recording dium, securing it by means of small rubber bands Tins 
eliminates the need for pasting and consequent cutting of the lecording papei 
Prepare the patient and obtain the graphs in duplicate follovung the usual 
technic prescribed foi the partieulai appaiatus employed The reeoid should 
extend ovei not less than six minutes Upon the completion of the test period 
and before lemo-ving the drum, make a veitical line iiith the -wuiting pen bv 
moving it up and down at the middle of the papei, thus dividing the paper 
into two parts through its entire length , or make an horizontal line by resting 
the pen in the middle of the paper and turning the diura one complete revolu- 
tion, thus dmding it into t-vo parts thiough its entire width Either of the 
lines thus made may seive as a base line in the application of the rule 

Remove the graph, place it on a flat surface, and in the mannei usuallj 
prescribed, draw a stiaight line through the apices of the respiiatoiy cxcuisions, 
extending this line along the entire width of the paper 

Apply the rule as follows Place the iiile over the graph so that its vertical 
or horizontal guide line completely coincides correspondinglj' with the vertical 

♦From the Clinical Laboratorj Public Health Institute Chicago 111 
Received for publication No^ ember 11 1*)31 
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or liorii'ontal base line on the giapb Non, nioTC tlie lule up oi down, along 
the vertical line or to tlie iiglit oi left along the lioiizontal line until point 
of intersection SG (if the Sanboin-Giapliie is used) or point of intersection 
(if the Sanborn-Benedict is usedl or point of intersection RB (if the Roth- 
Benediet is used) falls upon the line luniiing along the apices of the lespiratoru 
excursions, taking care all the nliile that the guide line and base line remain 
absolutely coincident Note where the respiratorj excursion line on the graph 
intersects the scale line of the iiile and lead the results hi noting the measure- 
ment on the right of the scale line, which gi\es the number of cubic centimeters 



Fig 1 

of oxygen consumed per mmutes, or the measurement on the left, which gives 
the nninber of calories consumed per hour 

The final results include corrections for 0° and 760 mm pressure Correc- 
tions for actual temperature, pressure, age, and sex as w eU as the final percentile 
calculation, can he accomplished with the aid of the tables given m either the 
Sanborn or the Colhns booklets, or the calculations may he completed by the 
method of Campbell^ yiv experience of many vears has indicated to me that 
m mating correction calculations the laboratory tecbnioan is more adept with 
tables than wath graphs Bv the use of the rule described in tins paper and 
■"ath the aid of either the tables compiled for the Sanborn or Collins apparatus 
A complete BMR calculation can be earned out in as short a time as one 
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THE JOURXAE OF Lu\BORATOK\ AXD CLINICAL JIEDICI^E 


SUJIJIARA 

A transpaient lule is dpsciibod foi measuimg basal metabolism graphs 
■which entiieh cbmiiiates the need of the expensive heaiily luled paper used 
heietofoie It shortens the process ot calculation bj giving final leadings in 
terms of cubic centimenteis of oxigcn consumed per miinitc and calories 
radiated pei hour The rule can be made of tiansliicent paper, celluloid oi 
am othei transpaient mateiial 

heperence 

1 Campbell Walter E Nomograms for Met ibolism Estimations, J Lah A Cliv Med 16 
1113 19, 1931 
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anaphylaxis Prevention of Shock, Waldbott, G L J A 11 A 98 446, 1932 

The follovnng conclusions are dnnn from a studv of eight fatal cases 

1 A negatue historv of personal or familial allcrga or of preiious scrum in 3 ections 
should not be relied on in ruling out the possibilitv of serum sensitization 

2 Skin or conjunctiial tests should be performed before administering serum, but 
a negatne test does not dcfiniteh rule out sensitization 

3 Intraicnous injections should be aioided as much as possible Withdrawal of 
the siringe for ciidonce of blood mai protect to some e\tent against accidental puncture 
of a icin but does not i\ith certainti preient this possibilitv 

4 If no loin IS punctured, the rc-pid appearance of a marked local reaction should 
mute caution Epinephrine administered aboie the site of injection and application of 
a tourniquet niai then aid in blocking absorution 

5 Desensitization, according to Besredka, at short intenals is not a safe procedure 
for prcicntion of shock 

6 Epinephrine, if given after svmptoms have arisen, does not necessarilv protect 
against the fatal outcome of shock In cases suspected of sensitization, it should be 
given admixed with the antigen 


anemia, PEENICIOTTS, Macrocytosis and Erythrocytes and Achlorhydria In, Haden, 
® L jama 98 202 1932 

■In increase in size of the average crvthrocvte, best indicated in terms of volume, is 
e most constant and characteristic finding in the blood in the presence of peminons 
anemia An increased volume index was found in cverv patient in this senes 
With l''^Jrochlonf acid is seldom if ever found in the gastnc contents of a patient 
Idiopathic pernicious anemia An achlorhvdna was demonstrated in cverv one of 
tiie lo_ patients in this senes 

ti.„ corpuscular volume max be quite large even with a relativelv hicrh count 

reforc It does not varv with the red cell count ” ’ 

toll. <3cficioncv which is responsible for the dweaso is adcquatelv supplied the 

quantuVlf indication of a relapse or a lack of a sufficient 

Of the missing principle is an increase in the volume of fhe red cells 

but conditions other than pernicious anemia 

s found onlv 9 times m a studv of 4U patients and normal indivaduals 
am frequent finding in various clinical conditions espoo,allv ,n the 

” in which pernicious anemia is most common 

eicrfm.nr'’’'""*'"" of the crvthrocvt.s and achlorhvdna is sehJom if 

1, cveopt in the presence of pernicious anemia 

The finding of an absence of free hvdrochlonc and on gastnc 
crea ec mean coqmscular volume or plus volume index is a jiractieallv 
It \ neecssarv for the diagnosis of active pernicious anemia 

s almost pathognomonic of the disease 

AGR^rGLO^OSIS, Experimental. Pried. B M., and Damashek, W 


analvsis and an 
constant finding 
It deaionstrafed 


Arch Int Med 

1, poepo e of the present studv has been to determine the nr. i i 
vien th. blood picture as seen in agranulocv tos.c nan md that^ fo * ' ‘•■mdantv 
"f <vpc-.mnud sep... nil.b.ts a form 
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THE JOLlK^AL OF L\BORATOB\ AND CLINICAL JIEDICINE 


The results hn\c slioun thnt there me close similnrities between the igninuloce tosis 
resulting from the hematogenous infection of rabbits with Salmonella suipcstifer and 
that obseried in cases of agraniilocj tic angina in man Thus, the reaction in see ere cases 
of human agranuloci tosis corresponds to that of the animals that recoiicd oi eiTrhelniing 
doses of bacteria, i e, a persistent neutropenia and an intense necrosis of the bone 
marrow without signs of rcgenerntion A close siniiHrity likewise cMsts between the 
“reeoieri phase” seen in the circulating blood in clinical agranulocytosis and that dis 
closed in the circulation of rabbits that were infected with rclatiiely small doses of 
bacteria, i c, a marked histiomonoci tosis 

Incidentnlh , Schilling's clinical concept of "regoncratn e” and "degeneratne” 
types of poh morphonuclcar ‘‘shift” was confirmed by these experiments 

LANTERN SLIDES, A Simple, Quick, and Inexpensive Method Preparing, Reid, P E 
Science, 74 418, 1031 

Take a plain glass lantern slide, thoronghl\ clean it and allow to dn AVhen the 
slide has become quite dry apply a thin coat of albumen from i fresh egg and again 
allow" the slide to dry A smooth brush is cssenti il in getting the coat of albumen 
evenly" placed to aioid a streaked appearance when done 

As soon as the albumen has completoh dried, place the plate with its coated side 
uppermost, ocer the diagram or other copy, and trace on tho slide with India ink The 
width of tho lines may be caned b\ using pens of ditTercnt sizes Colored effects may 
be added in the same manner oveept that inks made from aniline dyes (such as the 
common yyriting fluids) should bo used The pigmentation in colored India inks make 
them all appear black on the screen 

Mount in the usual manner after the ink has dried by placing tho ncwlv made 
plate face doyvn on another clean slide and fastening together with tho usual lantern 
slide material or yvitli adhesn e tape 

These slides arc not temporary ns might bo supposed but may be loft in the lantern 
for long periods of time w ithout injury in spite of the intense heat of some lanterns 

BACTERIA, Pure, Smooth and Rough Colonies at Will, Quirk, A. J >Scienco 74 401, 1931 

Make a needle transfer of tho culture (brotli, agar slant, or diseased material) to a Ph 
6 0 and a Pu 7 0 beef infusion broth tube Then make a second dilution tube from each 
Ph grade of the (1) seeded broth tube Hold the (2) dilution broth tubes in both 
Pn grades for 18 or 24 hours at room temperature 

After this growth period again make (1) and (2) dilutions from each Ph grade 
of tho young culture to a corresponding Pn grade of brotli Prom tho last (2) dilution 
broth tube transfer to a melted Pn 6 0 and P„ 7 0 beef infusion agar tube for poured 
plate examination 

This modified technic produces on tho plates pure culture of the S or B colonies 
This technic involc es three factors neccssam to assure the pure S and B colonies 
They are as follows 

(a) Dilution before and after the y oung grow th period of the organism 

(b) Toung culture 

(c) Pn of the culture medium 

Por the smooth colony use only Pn 7 0 medium For the rough colony use only 
Pn C 0 medium 

Tho S Colony is virulent, the R colony is aa indent 

Attention is called to the fact that an interchange of Pn grade from broth to agar 
plate may result in intermediate types wuth a corresponding interference in demonstration 
of virulence and nonaimlcnce on the host plant 

TUBERCtTLOSIS, Direct Culture of B Tuberculosis from the Blood, Kren, O , and Lowen 
stein, E Klin Wchnschr 10 974, 3931 

Preparation of Culture Medium Five unbroken eggs ire placed m 5 per cent solution 
of washing soda for 30 minutes, then rinsed in running water for 20 minutes then soaked 
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m 1 1000 biehlonde solution for 20 minute>. and aguin rinsed in ivatcr, and finally with 

70 per cent alcohol 

The following solution is prepared 


Mono potassium sulfate 1 0 gram 

Sodium citrate 1 ® gram 

Magnesium sulfate 1 ® gram 

Asparagin ^ ^ gram 

GU cenne 60 0 c c 

Distilled water 1000 0 c c 


To each 150 to 160 c c of this solution add 6 grams of potato meal^ and 12 c c of 
glycerine This mixture is boiled for 15 minutes and then placed in a 56 C water at 
for 1 hour with frequent shaking 

The entire contents of four of the prepared eggs are now added and also the yolk 
onlv of the fifth egg The mixture is then shaken \-iRorouslv vath glast. beads and o c c 
of 2 per cent stcnle aqueous solution of Congo red The medium is then filtered through 
stenle gauze and distributed in stcnlc tubes 

The tubes are placed in a thermostat m a slanting position and the medinm 
coagulated after which it is sterilized in the Arnold for 1 hour on two snccessiie days 
The tubes are finally incubated 48 hours at 37° C as a check of their sterility 

Collection and InoculaUon of Blood From 8 to 10 c c of blood are drawn by yenipnnc 
tore with a svnnge into which 2 c c of stenle 5 per cent aqueous solution of sodium 
citrate have preMouslv been drawn 

The blood is expelled into a stenle tube, centnfuged, and the plasma drawn off and 
discarded by means of a stenle pipette 

To the sedimented corpuscles add 5 c c of stenle 5 per cent acetic acid and stir 
With stenle precautions and again centnfugc Withdraw the supernatant fluid with 
a stcnle pipette and wash the mass twnce with stenle distilled water 

The final sediment is now distnbuted oxer the surface of 4 to 6 slants being well 
spread and the tubes allowed to stand until the film of inoculum has dned The tubes 
are then sealed wath sealing wax and incubated at 37° C Stnctlv aseptic technic must 
he observed throughout the whole procedure 

If the blood is receix ed in a nonstenle condition it should first he shaken with 
15 per cent sulphunc acid, allowed to stand 5 minutes, washed twice with stenle water, 
and the sediment thus obtained used for inoculation 

FHil uMOCOCCI, Immediate Typing of, Armstrong, B. B Bnt if I 3703 187, Jan 30, 
1932 

A method is desenbed whercbv pneumococcus typing max be earned out directlv 
from the sputum • 

4 Gram stained smear is first examined to determine that pneumococci are present 
and also to gain an idea of the general character of the bactenal flora 

‘^elected llahes of sputum are then placed on each of four slides marked I, II, HI 
and C (control) 

A large drop of the respectixe txpe serum is placed next to the sputum, a drop of 
normal saline being used for the control The sputum is then mixed xvith the serum, 
a coxcr slip applied and the preparations are allowed to stand while the Gram preparation 
IS being examined 

Positue reactions are xerv striking and consist of a marked increase in the size 
of the pneumococci xvhich al=o take a ground glass appearance and appear surrounded 
bv a higlih refractive peripheral zone 

The reaction max sometimes be delayed for as long as 15 to 20 minutes but is 
highlv accurate xvhen checked bv the more elaborate metbods 

The nccuracx of tlio method is corroborated and highly commended bv Lo"an and 
^>c ill (Direct Method of Tx ping Pneumococci Logan W P and Smcall T T Bnt if J 
>><03 IS*! Tan 30 1032) 



832 


THE JOUKVAL OF LABORATORA AHD CLESHCAL MEDICINE 


Because pneumococci mn-\ be unccciil^ distributed in the sputum these latter authors, 
hoivever, prefer to conduct the test uith a saline emulsion of the sputum 

MUSEUM TAGS, Chemical Proof, Schmidt, K P Science, 73 1031, 23, 1932 

The paper knoun as Dennison’s fiber proof paper uas dc\iscd especially as a 
chemical proof paper for Iniindri tags It appeals to be i paper impregnated uith 
albumin, -nhicli is subscqiienth hardened bj treatment inth formakleha de This paper 
comes in 20" \ 24" shoots, somcuhat inriablc in thickness It does not soften in iiater, 
alcohol or formalin solution 

The 20" \ 24" sheets in practice, arc cut into strips These are printed nith 
rules set V\" apart Xuiiibors are then stamped into the piper, to a depth of about 
half the thickness of the stock, b\ means of an automatic numbering machine The 
printed rules sene as guidis, so tint the tiiiislied tng measures These impressed 

numbers are then inked bi hand uifh Higgins iinterproof dramng ink, to increase the 
logibiliti of the numbers, and dried The numbering machine perforates the strip oppo 
site each number, and the number strips nevt liaae the strings attached The indi'idual 
tags arc then cut from this strip ns u inted 

TUBERCLE BACILLI, Stain for Non Acid Fast Bacilli and Granules, Alexander, E G 

Science 75 1937, 197, 1932 

Smears arc stained uitli carbol fiichsin and dccolori/ed as usual after 11111011 one 
of the eounterstains described bclon 13 applied 

rOtJNTERSTMN SIFTIIOD 1 

Flood the smear iiith S drops of LocBlcr’s mcflnlcno blue Add imnicdiatclj 6 S 
drops of 0 Oj per cent NaOH from a medicine dropper Moie the shdo gonth from 
side to side to nii\, and let stand tno to three niiiiutcs ^Ynsh mth tap irnter, dr> and 
examine under the oil immersion Ions The contrast betnoen the red acid fast tubercle 
bacilli and the blue non acid fast tubercle bacilli is sinking 

COUNTEKSTAIN METHOD II 

Flood the smear mtU S drops of 1 per cent aqueous cnstnl iiolct solution Add 
immcdinteh C S drops of I per cent NnHCOa Moie the slide gontlv from side to side 
to mix, and let stand not more than 2 minutes Wash in tap ivatcr, appli Gram’s iodine 
for 2 minutes, nash, and decolorize 20 30 seconds mth a mixture of equal parts of 
acetone and 95 per cent alcohol, nash dn, and examine undci the oil immersion lens 
The non acid fast bacilli appear iiolet In addition the “Granules” in the red acid fast 
bacilli and in the iiolet non acid fast bacilli stand out prominenth ns iiolet black bodies 

MONONUCLEOSIS, INFECTIOUS, Presence of Heterophile Antibodies In, Paul, J E, 

and BimneU, W W J M Rc 183 90, 1932 

The follomng technic nas used 

The authors haie omploied the methods used bi Dniidsobn for determining the 
presence and titci of sheep cell agglutinins and hemolisins The technic is quite simple 

Sheep Cell AgglvtMws Sera, obtnincd as for a Wasseriiiann test, were inactivated for 
15 minutes at 53° C Dilutions of inactnated sera, ranging from 1 to 4 to 1 to 33 (or 
higlier if the heterophile antibodj content ivas suspected to bo present in unusual con 
centration) nere sot up in 0 3 c c portions To those 05 cc of a 2 per cent suspension 
of sheep cells ivere added followed bi 1 c c of salt solution, thus bringing the tota 
lolume in each tube to 2 c c The test tubes nere shaken and placed in the water bath 
at 38° C for 1 hour, left in the icebox oicrnight and on the following morning were 
read, after each tube had been ini erted three tiiiios with its mouth coi cred bj the finger 

For the sake of conforiiuti mth preiious nork, the readings haie been recorded 
in terms of the original dilution of the 0 5 c c of sera added to each tube AVith t e 
subsequent addition of 0 5 c c of the suspension of sheep cells and 1 c c of saline, t e 
dilution of serum becomes much higher so that actualh the tube designated 1 to 
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contains 012 cc of ccnim in 2 c e of ctll *:u<;pcnsioii tlint dosiRnated 1 to S contains 
006 cc of serum in 2 c c ot suspension LoRcnfls for recording the readings are giien 
m the folloiving terms — ^ Firm disk, -M- disk oasili broken into large flakes, - fine 
agglutination, ± barelv perceptible, but definite agglutination 

Sheep Cell Hcmoli sins In the obsen ations recorded bclon all of the results hai e 
been given in terms of sheep cell agglutinations Sheep cell hcmolisins ivere found to 
parallel the agglutinin content iiith such rcgulanti that the former haio not been 
recorded In mam of the earlier determinations both tests were run and were found 
to sene as a rough check, one for the other 

Hemolvsm tests were run as folloiis Original dilutions of 0 5 c c of inactivated 
'era, similar to those used in the agglutinin tests, were emploied To the=e Ice of 
guinea pig complement in a dilution of 1 to 30 was added then 0 5 c c of a 2 per cent 
suspension of sheep cells, folloned bi 1 cc of saline thus bringing the total lolume 
to 3 c c in each tube The tubes were shaken placed for 1 Hour in a water bath at 
3S° C and read 

Thee conclude from their stuaies that 

1 Heterophile antibodies, demonstrable in the form of sheep cell agglutinins, 
have been recorded in rather high concentrations in the active stages of 4 cases of 
infectious mononucleosis 

2 Apart from eases of serum disease, and one notable cs-ception the authors hai e 
failed to note this finding in a largo senes of cases representing a lanetv of clinical 
conditions, including cases of Vincent’s angina, Ivmphatic leucemia and other blood 
di scrasias 

5 There would seem to be two possible explanations for this finding d) that the 
unknown agent responsible for infectious mononucleosis contains the heterophile antigen, 
(2) that we are dealing with an example of isoaggliitinin production elicited hi abnormal 
cells, which are present either in the blood or elsewhere during active stages of the 
disease 


BBUCELIjA INTECTIONS, The Endennic Beaction In, Leavell, EL B , and Amoss, H L 
Arch Int Med 48 llb2, 1932 


The following conclusions are adi ancod 

1 The endermic reaction is of value in the diagnosis of undulant fever, particularlv 
in cases in uhich no agglutinins for Brucella are present in the blood scrum and in which 
Brucella cannot he grown on culture of the blood, nnne, stools or bile 

2 The lutncutaneous test is not definitelv specific Although the result is generallv 
posihi e in undulant fev or, it is not f requentlv- positiv e or highlv suggostiv e, in controls 

3 Bepresentative strains of several different tvpcs of Brucella should be used in 
mahing the te«t The interpretation of the test should be based on all the reactions 
rather than on a single one 

4 Extracts of Brucella prepared according to the methods of Lancefield and of Ando 
for securing the soluble specific substance gave no more specific results in our cases than 
did the simple saline suspensions and extracts 

1 It IS probable that an extract of Brucella prepared bv prolonged shaking of a 
saline followed bv centrifugation to remove most of the organisms gives 

fewer fake reactions than other preparations But such a preparation does not alwavs 
gi'e a positive reaction in undulant fever 

G Heat killed bacterial suspensions seem to hav c more specific action than bacterial 
filtrates 

' It IS of value to titrate the degree of the endermic reaction bv using varving 
' ' etions of suspensions of the strains being tested as in the tuberculin reaction 


anemia, PEENICIOES, Pigment MetaboUsm and Destruction of Blood In, Earqnharson, 
B. P , Borsook, H , and Goulding A, AL Arch Int Med 48 1156 1932 

The authors thus siimmnnrc their studies 

j Tn patients with tddison’s “pernicious ’ anemia in a state of relapse the excrc 
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tion of urobilinogen is groath mcrensctl and inaj bt se\oraI times the normal \alue 
In so; ere cases the amount c\cietod dnilj is cqunaknt to S to 13 gin of hemoglobin, 
amounting in some instances to more than one tenth of the total blood hemoglobin of 
tho body 

2 Following In or tlierapj and beginning about the peak of tho reticulocjte crisis, 
there is alaiajs a sharp decrease in tho excretion of urobilinogen, nhich falls in a few 
days to a le\el within normal limits 

3 In cases of pernicious anemia showing little anemia, wath general macrocitosis 
but little niicroc; tosis or poikilocv tosis, the excretion of urobilinogen is increased some 
what abo; 0 a high normal aalue With Iner therapj tho excretion of urobilinogen falls 
after a low reticulocate response and is alwajs normal when the blood picture has become 
normal 

4 The amount of plasma bilirubin in pernicious anemia \niies m the same direction 
ns the excretion of urobdinogon and opposite to that of tho red blood cell count It is 
highest in those patients who arc cnticallj ill When it is high it falls to a normal 
level during the reticulocj te response 

3 In seaerc cases of pernicious anemia, urobilin is frequently found in the urine 
Large amounts arc present onia when patients arc a era ill Its excess then is attributable, 
in part at least, to altered liacr function 

6 The disturbance in blood pigment metabolism in pernicious anemia is probablj 
due to an abnornialitj of the red blood cells in airtuc of which thea suffer earla destruc 
tion The abnormal red blood corpuscles present in relapse are the ones most affected 
Adequate lia cr treatment, promoting the production of normal red blood colls, retards 
the rate at avhich destruction of the blood occurs and allows the blood picture to become 
normal 

BLOOD SUGAR Folloavlng the Rectal Administration of Dextrose, Scott, E L , and 

Zweighaft, J F B Arch Int Med 49 221, 1932 

It has not been possible to demonstrate a nse in tho blood sugar curao as a result 
of administering dextrose in retention enemas 

The slight drop that the cura os show maj be due to a stimulation of pancreatic 
activity brought about ba the absorption of a slight amount of dextrose, or, more probablj, 
to chanco variation 

A variable and frequcntla considerable amount of dextrose administered by enema nnj 
be recovered from the stools after taro and one half hours 

TUMORS, a Coaguloflocculation Test for Malignant, Weiss, E Arch Path 13 IOC, 1932 

The details of tho method folloaa 

Glassware and Apparatut — For the measuring of scrum and antigen, 0 2 cc pipettes 
are required For the dilution of the serum, 1 c c serologic pipettes are most satisfactory 
Wassermann tubes with a diameter of Vi. inch (127 cm) and 4 inches (1010 cm) long 
appear to bo vera suitable Similarly, tubes of the same diameter, but 2 inches (5 cm) 
longer, are useful in instances in which deeper submersion in the water bath is necessary 
or more desirable The glassavare should be rinsed with warm water and placed over 
night in a cleaning solution (equal parts of n G per cent solution of sulphuric acid and 
a 6 per cent solution of sodium or potassium dichromatc) then rinsed several times with 
distilled avater and allowed to drj Racks of Wassermaim tubes with two or three 
rows of holes arc most useful A water bath easilj adjustable to from 54° to 55° C and 
maintaining a uniform temperature is required An interval timer with an automatic 
alarm is cona enicnt on account of the brief incubation 

Blood Serum — Serums should be fresh and thoroughlj centrifugated, thej do not require 
inactivation Serums that are rich in hpoids, contaminated or hemoljtic should be 
eliminated as unsatisfactorv for the test 

Seium Diluent — Distilled water is used instead of salt solution 

Antigen — Plain alcoholic beef heart antigen Beef heart is freed from all fat and 
finelj ground One hundred grams are extracted wath 1,000 c o of 93 per cent alcohol for 
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three dav^ at 37° C and then lo£t oacrnight at room temperature The extract is then 
tatcred and "kept in dark hottks, closed avith rubAier corka The antigen is then ready 
for use 

Sod.nm Chloride Solution —Sodium chloride solution is prepared bv dissobing 40 gm 
01 cheniicalU pure sodium chloride in l^O < c of distilled water A saturated solution 
of sodium chloride is equalli satisfactora if filtered before it is u'ed 


PKOCEDUPE 


Ife'Jiod of Calculating Dilutions of Serums fretions to Use in Test The dilution of 
scrums IS earned out according to the percentages of hemoglobin Tallquist’s scale is 
most commoulv used in the determination of hemoglobin, it is disacU antageous because 
it IS less accurate than other procedures In order to hai e unifomiitv in the results 
obtained, Dare’s hemoglobinonieter is used as a standard To the percentage of hemoglobin 
obtained imth Dare, 10 is added and the sum is dmded bv 20, which gives the dilution 
for the respectne serum (For instance, if the reading is 70 per cent, 10 is added, giving 
80 This divided bv 20 equals 4 the dilution of the serum in this case would be 1 4 ) 
Tallquist’s scales can be used if their average reading is prevaouslv compared with Dare 
and the difference taken into consideration in the calculation of the dilutions of the 
serums (For instance, if the Tallciuist scale shows a 10 per cent higher reading than 
the Dare nothing is added to the he noglobm reading before dividing with 20 If the 
Tallquist reading is 15 per cent or 20 per cent higher than Dare, 5 or 10, respectiv elv, 
IS subtracted from the reading before dividing with 20 ) IVhcn the Dare reading is 
40 per cent or less, the serums should be diluted onlv to 1 2 5 

Tifration of Antipeiis Preiioiis to Vse in the Test — The selection of the proper amount 
of antigen is based on its react’on with malignant and svphilitic serums The svphihtic 
serums are more sensitive than the normal serums and are therefore more valuable for 
the titration Properties similar to those of svphilitic serum are observed also in the 
serum in jaundice All antigens are titrated in the following manner In each of two 
rows of a rack, eight tubes are placed Increasing amounts of undiluted antigen (0 12 
014, 016, 018, 0 20 0 22, 0 24 0 26 c c , etc) are placed in the corresponding tubes of 
both rows In each tube of the first row 0 6 c c of the diluted (according to the procedure 
described) malignant scrum is added, and each tube of the hack two receives 0 6 cc 
of the siimlarlv diluted svphilitic serum The tubes are thoroughlv shaken and then 
placed m a water bath for five minutes at from 54'’ to 55° C After the incubation, 
the content of each tube is slowU diluted with 2 5 c c of saturated sodium chloride 
Solution, and the results arc recorded Fsuallv , the smaller amounts of antigen cause 
turbiditv in the svphilitic and malignant tubes, “lower nonspecific zone ’’ Larger 
amounts cause turbiditv in the svphilitic tubes whde in the malignant tubes the more 
or less Coagulated serum floats on the surface of the saline solution which contains 
floccule® This IS the “specific zone ” Stdl larger amounts of antigen cause a positive 
reaction (floccnlationl both in the malignant and in the svphilitic tubes “upper non 
specific zone ’’ The largest amount of antigen that causes onlv turbiditv in the svphilitic 
tube and a distinct toaguloflocculation m the malignant tube is selected as the proper 
amount for the test (= titer) The titrated amount of antigen should also be tested 
■aith ictcno and anemic serums The titer remains the same for an indefinite period 
if the antigen is propcrlv preserved 


J otirinc Tesi — IVassermann tubes art pi iced in two rows in the racks The tubes of 
m first row arc iwcd for the mam test with the unknown scrums and also for the 
"u ignant svplnlitic ictenc and anen ic controls The last tube in the fir«t row contains 
>c antigen control The tubes m the second row servo as the scrum controls for the 
an nown scrums and abo for the malignant stphilitic ictenc and anemic scrums The 
'trated amount of the undiluted antigen is placed in each tube of the first row The 
cfirrpponding amount of distilled water is placed in all tubes of the second row 
cntis t,f cubic centimeter of each diluted serum is added to one tube in the first row 
an iqual amount of the same scrum to the tube behind in the second row ^^iv tenths 
a cubic centimeter of distilled water (instead of semnO is added to the antigenic 
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coutrol The jiigrodients of nmlignaiit, s\philitic nnd jtfcric controls and their serum 
controls should bo tho same as those used for the unknown scrums All tubes arc then 
shaken and placed in a ■natorbath at from 14° to 11° C for li\o minutes *Vfter the 
incubation, 2 5 ce of a saturated, or 12 5 per cent sodium chloride solution is slouh 
added to each tube, and the results are read 

If the required amount of the iinknoun scrum is not aiailablo, the tost niai stdl 
be performed successfully if tho icm iiiniig constituents for the reaction are decreased 
proportionateh 

Controls — Tho following controls ire necessary eich time the test is earned out 
(1) antigen control, (2) sonini control ((uch serum should haie a scrum control), 
(3) malignant, syphilitic, icteric and anemic contiols 

Interpretation of the Jicsults — The controls should be csamincd before making readings 
of the unknoun seriiins The malignant control should shou a thick layer of coagulated 
serum floating on the surface of tho salt solution, uhich contains many large floecula 
All other controls should remain uniformly turbid One tube is read for each unknown 
serum Tubes shoyiing the same reaction as the malignant control arc road ns stronglr 
positiye Tubes uith a distinct flocculation ynthoiit shouing in addition a layer of 
suspended coagulated scrum on the surface of the saline solution arc read as yvcakly 
positiyc Uniforinlv turbid tubes are read ns negatiyc Tubes yiitli a doubtful flocculation 
are also read as negatn c and the test should be repeated 

Sources of hrrot (1) The used serum is hemoljtic, contaminated or inactnated, or 

contains an o\cessiye amount of lipoids, (2) the strum is not properly diluted, (3) some 
other diluent was used instead of water, (4) the antigen yyas not properly prepared or 
preseryed, (5) the antigen uas not accurately titrated, thus causing either nonspecific 
reactions or a lou portcntago of spctiflc reactions, (C) the antigen uas not yigoroush 
nii\od with tho diluted scrum, (7) fallacies occurred in the reading of tho temperature 
and in tho duration of incubation, (S) another reagent than tho saturated salt solution 
y\as used for tho dilution of tho scrum antigen mixtures after the incubation, (9) the 
tubes yvoro shaken after addition of salt solution, thus rendering the reading difficult 
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Ergebnisse der medizuuschen Strahlenforschung- 

T o THOSE familiar iMth German ‘ergebmssc” nothing more need be said These 
statcK annual lolumes of about 700 pages (7 bv lO’jA inches) are of the usual high 
standard Ther arc especialU -nell illustrated as one might expect from the nature of the 
subject ^ olume III has monographs on the x rav diagnosis of pulmonarr eechinococcosis 
and of conditions in tlie nose and accessory sinuses, the car, petrous bone, bronchi, esophagus, 
mtestme, appendix, gall bladder, also radiation and the normal skin, light and metabolism, 
radiation of adenoids and diathermy m gynecology Volume IV contains ultravaolet rays and 
resistance to hght, pigment and light resistance erythema from light, principles of the 
biologcal treatment of caremoma and diatherma in ear, nose and throat work Volume V, the 
cascade stomach, the physics of light therapy, mutation by radiation, radium surgery, bone 
tumors and work natli monochromatic light 


Ueber die Akute iind Chronisclie Gelbe Leberatrophie mit Besonderer Beruck- 
sichtigTing ibres Epidemiscben Auftratens m Schweden im Jahre 1927 

'^HIS monograph reports 163 cases of yellow atrophy of the liyer, 97 of which occurred 
J. m epidenue form in Sweden in 1927 There is a good epidemiological account of the epi 
emic and a well illustrated chapter on the pathologic anatomy of the disease Because the 
isease so closeh resembles icterus eatarrhalis and because it may occur in epidemic form, 
e author feels that it must be due to some specific cansatne agent not yet discovered 


Allergie des Lebensalters — die bosartigen Geschvralstey 

OOME years ago yon Pirquet observed that m his pediatric chnic in Vienna there were 
Wo more girls than bovs under fourteen years of age who showed tuberculous mfection 
forigiT^//’'*^ gf-neraUv, he turned to a report of the English vital statistics 

tube S^'un to his cluiic and made a graph of the deaths from 

scre'^T found from these figures also that the curve for bovs rises 

and Z became interested in vital statistics 

cover H * T excellent senes for England and Wales He hoped to 

tmm subject but the part on malignant tnmors was the only part complete at the 

Pfcscnt volum?*"' Herbert Orel, forms the 

to numbers of curves showing deaths from tumors according 

cxanLc different types, that is, for 

gans^on’l ll'" diSercnt parts of the bodv or for different or 
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illergj of age In tins « ij lie mikes wliat he consiilcis natural gioups of tumors as follows 
those of the abdomen, tlionx, month, male sex organs, fcmnlc sex organs, skin, and other 
organs 


Human Biology and Racial Welfare 

T his xs aet another lolumo in nhich Hdniund Condrj demonstrates Ins abilities as an 
editor and impresario Hirst, ho has good ideas concerning subiccts that ivould be of 
special interest, and second, he has the knack of persuading men ivlio are peers in their rcspoc 
ti\e fields to collaborate with him As the title iiould indieato, this is a lolumc of no mean 
ambition Indeed, it is a eonipilation of the frontiers of thought and iniestigation in the 
social sciences and in the studj of man and Ins ciniionmcnt 

The start is breathtaking enough, dealing ns it docs with what wo know of the whole 
universe, particularh of the possibilities of life in the uniiersc Following this are several 
chapters on the origm of man and eiolntion — ^iiidmdual, mental, and social Then, comes a 
discussion of man himself as a physiological unit, built tip from the cells or Mtal units, through 
cell aggregates, and the importance of the Miscular system, later of the nerious system, and 
on through the more highly complex discussion of sex integration 

Part Four deals with the effects upon man of his environment and Part Fnc ventures 
some prophecies ns to the future The list of contributors is breath taking and the scope 
of the discussion is almost truly unncrsal as it relates to man 

This IS a monumental work, the kind that a rcalh intellectual man likes to haic near 
him for piecemeal reading, with the assurance that all that he can absorb thercfroin is 
autlioritatu 0 and will keep him conicrsant with the most adianced thought of the day in 
the study of mankind 

You liaic soon the adicrtiscmcnt of the bashful loung man who never had anything 
to say at social gatherings, but who utter taking the Benjamin Frnnkbn homo correspondence 
course in French astounded his friends by his subsequent ability to lead the field in anv 
intellectual conversation Tlic rcMowcr \enturcs to say that any one who can readily assimilate 
all tint IS in tins volume would bo able to acquit himself regally thereafter in any really in 
tollectual drawing room levee 

Not all of the contributors Inic been unncrsalh successful in acquitting themselves 
equally well in grading doivn the tempo of their discussion to the sjieed of the average reader, 
not specialists in tlieir own subjects, and as a consequence paifs arc rather hard reading, but 
the majoritv have acliiovod tins admirably 


American Physicians and Surgeonsf 

T his book is a really laudable effort to establish a reliable Who’s Who in American 
klcdienie Directories of American iihysicnns and surgeons have appeared in the past 
but a cursory examination almost alwavs rcicals that the price of having one’s name appear 
therein is the purchasing of a eopv of the directorx 

This volume, issued by the pubbslieis of "The American Bar’’ winch Ins been a rec 
ognized AVlio’s Who in the legal piofcssion for several years, has been developed strictly on 
a who’s who basis The selection of names Ins boon based on niembcrslnp in special so 
cieties and direct reference to the prominent plivaicians of each coninninltv 

As IS inevitable in a first edition, the names of a number of outstanding men in different 
communities have been left out But it is bettor to have errors of omission than of commis 
Sion In those cities with which the reviewer is well acquainted there have been practically 


•Human Biologj and Racial Welfare 2S Authors Edited bv rdmund V . J"™ 

fessor of Cjtologj W^nshington EnUersltj St. Louis WhUi an introduction bj Law in 
Embree Illustrated Cloth Pages 012 Paul B Hoeber Inc New Members 

tAmerican Physicians and Surgeons A Blograpliical Dlrectorj art 

of the Medical Profession in the United States and Canadi Including countries 

listed and classified the Lading hospitals s„„itnriimis and health resorts 
Prepaied bj James Clark Plfleld I ditoi of The American Bar Leather Pages ii 
Midwest Companj Minneapolis 1931 
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no nnmes inoludoA \\l\a did not dc‘n.r\o tlic rocognitioii The others nho sliould be m enn 
easdv he added in the iie\t edition 

Of course there are in iiiv who did not fill out the biograpliie il d ita requested before the 
pnhbcation of the \oluiiie Their names Iiowlmt appear with as much information as the cdi 
tors could cull from the director! of the Amcnean Meilienl Association and the list of the 
special societies 

The price of the lolumc is high but nc presume tint it must be so in a first venture 
of tins sort m nliicb the ontcome is uncertain 

TTc hope that the editors mil succeed, mil adhere to their high standard evhich thei 
have set for flicmselvcs, and mil be able before long to reduce the price of the solume 


Symptoms of Visceral Disease 

0 CCASIOKALLT a medical prophet, far ahead of his times, mil conceive and develop 
a neiv interpretation of disease or of certain diseases He may tell liis storv repeatedlv 
to an unheeding multitude, univiUiiig or unequipped to grasp the significance of the storv 
If he IS so unfortunate as to pass on before tbe aeerage doctor lias gained an adequate compre 
hension of Ins theorv, all of liis labors will be lost for a time until some new thinker, pos 
sihlv many vears later, will rediscover the idea Such a man was Sir James llacKenzie and 
such an idea was liis principle of the reflex arc 

"Wliv IS it that the average doctor shuns all invitation to anv profound stndv of organic 
neurologic reflexes and responses’ Is it because as a rule ho is poorlv trained m nenrologv 
and prefers to leave the subject for a specialist’ Scarcely anv field of medicme is more 
neatlv a true science than that of organic neurology and neurologic localization, and diag 
nosis IS a verv simple thing provided one reallv knows the anatomy of the central nervous 
system All that is required is a bttlo real studv 

The tramed neurologist is too often so occupied with his studies of organic disease of 
the central nervous svstem and peripheral nerves, that he has scant time to give to the 
neurologic facors in functional visceral reflexes 

It 13 the internist who should be prunarilv interested m tlic latter, for as a rule these 
reflexes are manifested not so much as disease of the nervous svstem, but more as disease in 
the mternal organs which onb occasionallv produces functional neurologic manifestations 

UTiile klacKenzie was unfortunate m that he did not bve to see a general acceptance 
of his prmeiple of the reflex arc, he was fortunate m having a disciple able to comprehend 
his tcachmgs and to carry on. The volume bv Dr Pottenger under review is however, not 
a mere contmnation of ilacKenzie ’s teachings It is a summary of a life study by the author 
into which he has incorporated much of HacKenzie’s teachings and m which he has cor 
related these with his own entirely original, and different in many respects, concepts of the 
functional ncnrologic reaction m visceral disease 

Tears ago Dr Pottenger became enthused over a study of tbe autonomic nervous 
system with its two antagonistic subsvstems, and from bis investigations he rapidly popu- 
larized the concept of the function of the vegetative nervous svstem IVhile his first interest 
was in its action as related to pulmonary disease he has extended this to visceral disease in 
general 

The volume does not lend itself well to abstraction, but we may state without hesita 
tion that It is the most compiclicnsivc and intelligible of the available treatises on the function 
of the vegetative nervous svstem in its relation to the remainder of the nervous system and to 
organic visceral disease as applied to clinical medicine The fact that it has already reached 
Its fourth edition would indicate that there arc nianv doctors who do not possess tlie illusion 
that neurologic studies are too drv or too deep 
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EDITORIAL 


Malignancy m Radioactive Persons 

Radium poisoning as a new and exceedingly dangeious occupational 
disease was first bi ought to light by the studies of Maitland and his associ- 
ates,^ m 1925 as a lesult of investigations conducted upon individuals engaged 
m the manufacture of luminous watch dials 

Piom these studies it was shown that radioactive substances entering the 
body by ingestion, absoiption thioiigh the skin, oi inhalation weie eventually 
stored as an insoluble sulphate, in paiticulate oi colloidal foim, in the maui 
oigans of the reticuloendothelial system and especially in the long bones fiom 
which lattei site in paiticulai they continued to emit then characteiistic 
emanations 

It has been demonstiated also that as little as one one-hundi ed-thousaiidth 
of a giam of ladioactive substance so deposited contuiues to emit alpha 
emanations at an inciedible speed and in innumeiable numbeis for indefinite 
peiiods of time so that it has been estimated, foi example, that assuming such 
a deposit to have occuired in the body m 1925, the skeleton will still be emit- 
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tmg 185 000 alpha paiticlc'' pei sccoiul at a speed ol 18,000 miles pei second 
in, the yeai 3491 A D 

As the alpha pai tides aie jiiobabH the most potent and ohstiuetne agents 
knoiMi to science, the niipoit nice o£ this indiistiial ha/aid becomes at once 
apparent 

As a result of this constant and contiiiiial ladiatioii fiom the deposits in 
the hones, the bone maiioii, and the blood-foiming oigaiis, periods of iiiitativc 
stimulation and oieistimnlation aie followed by pciiods of exhaustion, the 
sjTnptomatic expressions of which aie seen in nccioses of the jaw and in the 
development of a leucopcnic anemia of legeneiatn c type, icsistant to all means 
of treatment and nltimatelv as w ell as often rapidh , fatal 

The bone necioses lesnlted from the occuiience of an intense osteitis and 
when, as in the jaw, a supeiimiiosed bacterial imasion occimed neciosis was 
a natnial afteimath 

These were the eaily symptoms and it has lemamed foi contmued studj' 
and observation the lesnlts of which aie now lepoitcd by Maitland' to estab- 
bsh the fact that a late lesnlt of the deposit of ladioactiie substances in the 
human body is the mentable deielopment of lapidh giowuiig embryonal or 
anaplastic osteogenic sarcomas 

Six deaths are now leported fioin this cause and sei eial other cases are on 
record in which death has not as jet oeenired but in which a fatal outcome is 
ineintable 

The sequence of ei ents in the production of these tei i ible sequelae is be- 
lieved bv Martlancl to be, first, a bj-perplastic manow iriitation, succeeded by 
a peiiod of leplacemeut fibiosis which in its initiation is i erj cellulai and as a 
product of which osteogenic saicoma occius 

For the first time m the history of medicine the stoiy of the etfect of 
the internal bombaidment of human tissues by the alpha paiticle has been re- 
coided, an imposing list of lesions iintatiie hyperplasia and compensatory 
stimulation of the bone manow of a veiy pnmitive type, lencopenias, mild 
anemias of the psendoaplastic type , fatal anemias of the regeneiatn e or mega- 
loblastic tvpe with lencopenias approaching an agranulocytosis, but with no 
evidence of hemolysis and raiely marked hemorrhagic tendencies, replace- 
ment fibiosis with piodnetion of a ladiation osteitis, necrosis of the jaw due 
to a supeiimposed infection upon a ladiation osteitis, crippling and deform- 
ing bone lesions due to heabng radiation osteitis , wuth coxa vara, deformities 
of the spme, spontaneous fractuies, etc , a packing of the bone marrow ivith 
primitive stem cells resembling leucemoid state , the possibibty of the develop- 
ment of mveloid leucemias and even multiple mjelomas, and finally osteogenic 
sarcomas 

Martland also itiv pertmentlr emphasires the relation of his finebngs 
to the man^ ladioactivc watei’s emanatois aetivatois and so on which are 
offcicd foi sale to a credulous public 

Eicn though then content of ladioactive substances maj be so sbn-kt as 
to lendet am good effects fiom their use pnreh psvclnc the studies aboie 
suminari7od clcaih show that extensive lesions of seiaons chaiactei follow 
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the implantation in the body of ineiedibly small amounts of ladioactive sub 
stances Even less than one-half a mieiogiam may be dangeioiis in JIait 
land’s opinion 

That the conception of ladioactive waters as a dangeioiis source of deposit 
of such substances in the body is neitlici evticmc nor fallacious is shown bv 
the fact that peisons ingesting them ovei a penod of one oi two yeais have 
been shown to have ladioactne deposits in then bodies, deinonstiated both by 
electi ometiic tests, and also by the occiuiencc of bone neeiosis 

The studj and the icports upon which it is based and fioin which it has 
developed, are of absoibing niteiest, not onlj*- as lecoiding the story of a neiv 
and teiiible industiial hazard, not nieiely as an outstanding scientihc achieie 
ment, but also as suggesting new avenues foi the expciiniental study of 
mabgnancy 


REFERENCES 

1 Mirthml, H S, Conlon, P, ind Knef, J P Some UHreeogiiizi.d D iiigors jn the 1156 mid 

Handling of Badio Actno Substances, etc JAMA 86 1769, 1925 
Martland, H S Microscopic Changes of Ceitain Anemias Piie to HadioActmtj, Arch 
Path & Lab Med 2 4C5, 1926 

Heitter, G L, and Martland, H S Leueopeme Anemia of the Eegencratne Type Due 
to Exposure to Radium and Mcsothanuiii, Am J Roentgen 16 161, 1926 
Martland, H S Octupationnl Poisoning in the Jlanufacturo of Luminous Watch Dials, 
J A M 4 92 466, 1926 

2 Martland, H S The Occurrence of Malignanej in Radio Actnc Persons, Am J Cancer 

15 24S5, 1931 

—F A K 



voL mi 


The Journal of 
Laboratory and Clinical 
Medicine 

St Loi.i‘« Mo June 1932 


No 9 


SYMPOSIUM ON HEMATOLOGY 


THE TECHNTC OF A BLOOD EXAjnXiTIOX* 


Ilr<=5ELL, L Ha.dex MD Clevelaxd Ohio 


JT ilAY not appear to be netessaiv to preface a senes of articles on hematology- 
Mitli one on the technic of a blood examination Knoivledge of the blood 
J^ciasias IS dependent howevei on the data obtained from a studv of the 
ood The presence of an anemia leucemia oi othei blood cbsease mar be sur- 
mised but no chmcian would hazard an absolute diasmosis or outline a course of 
treatment wnthout the aid of the laboratom- 

It IS important to base at hand as complete laboratorv data as possible and 
^1 moie important to make sure tliat these findings are absoluteh accurate 
00 0 ten the clinician is called upon to express an opinion based on blood films 
lien are poorh made or unsatisfaetonlv stained or on a blood picture foi 
1C 1 1 le data is incomplete oi evidentlv inaccurate The selection of the best 

onth!^ aie mi excuse for attempting in this article to 

methods Vr tr'i 1^’””'^ e^nnnat.on and to suggest satisfaetom technical 

the elucidation of the siinplei problems of hematolom 

hemoglobin estimalion and 
' 5 houIcl be Id 1. T ^ Starting point for a moic complete blood stuch and 

nlciD 1 1 ! largeh as a means of deterraininn whether or not a com 

tutir;;;^ ^oiw 

5 Ron Qorpu'^cle count 

- tlctcrnnnation of tlie ni les of p lekcd corpn«ok- 

3 Itcmnplohin c«tinuiKm 


•From Cle\cl-\nil Clinic 
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4 C^lcul^tlon of nuliceb 

T A^olurac iDtlex (cntlnn('-\tc ■\olunic rcl iti\c to iioiimt) or moon corpustulir ^otUIIle 
b Color index (cnthroeito licinoglobin ichtiie to noimil) oi me in corpuscuHr 
hemoglobin content 

0 Sotuntion index (< oncciitr ition of lienioglobiii per unit lohtmc of picked cells 
rclatne to normnl) oi mem coipiiscnlii hemoglobin conccntntion 

0 White coipuscle count 

C Studx of st lined blood film (size, slnpe, stnimiig icictions nnd nbiioini'ibtics ot red 
cells, diffeieiitnl count of uhite cells, relatue number of platelets) 

7 Count of retieuloci tes 

5 Deteimimtion of bile pigment content of the plasm i 

These examinations aie all necessait and aie xei\ easily done I much 
jirefci to make all examinations except tlie stiub^ of the stained film, on blood 
xinthdiaxm fiom a tein The blood film alone is made fiom a diop of blood ob 
tamed fiom the eai lobe oi the fingei tip A simple method foi the entiie ex- 


lA 


, 10 CC BLOOD CONTAIN INGr , . 
;5/'MLU0N RED CELLS PER aWl) 7^ 

'2CC t4|-S0DIUC\ OXALATE 

1 G-JVES , 

iWfiEN CENTAIFUGSD FOR. 

I I HOUR- 


46 

ASCKED 

CELLS 


Pig: 1 — Centrifuge tube used for determlnntion of mass of red blood cells 


amination is as follows 20 c c of blood is mthdraiMi bj means of a sjninge, 
and exactly 10 c c is inn into a 12 oi 15 cc ccntiifuge tube, containing exactly 
2 c e of 1 4 2 ier cent sodnini oxalate solution * This is mixed bv inveiting and is 
then spun in a laige ccntiifuge foi one lioiii at 2500 i evolutions pei minute 
The lemaindei of the blood is added to an ounce bottle containing one diop of a 
30 pei cent solution of potassium oxalate The lattei specimen is used foi the 
led and nhite cell count and toi the hemoglobin detennmdtions The examina 
tions aie made as indicated belon 

1 Bed Cell Cojiiif — One soiiiec of inaecuiacv in eixthiocjte counts is the 
use of a lATiotonie diluting fluid T picfei to use a 0 9 pei cent sodium chloiide 
solution as the diluting agent Aecuiate endhiocide counts leqiiiie much prac- 
tice and expeiience on the pait of the technician It is absolnteh necessaiy that 
aecuiateh calibiated counting chambers and pipettes be used These should e 
certified by the Uinted States Buieau of Standaids 
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2 Xohmc of PaUal Fed CilP—Tlm is icad ofl duecth from tlm lubo 
after ecntiifiiging' The Aohime is leeoided as the ouiubei of cubic ecntimetci’S 
of cells pel 100 cc of blond and m pei cent of iionnal The noimal is cal- 
culated for each laboiatoi\ In dcteimimii" In means of the centrifuge the num- 
ber of cubic ceiitimeteis of pached cells pei 100 e c of blood in normal in- 
dividuals iiith a red cell count of 5 imllioii cells pei c mm With om piesent 
apparatus ue lia\e found 45 c c of cells pei 100 c c of blood to be equal to 100 
percent (Pig 1) Foi an^ gneii specimen of blood the nnmbei of cubic centi- 
meters of packed tells obtained bi centiifiitruni 10 c c of blood is read oflf on the 





npr Hau-sser hPmoglobinometer I Complete in-^trument. A mot able car- 

f llghtshuuer n Com » readmg m,cro.cope ^ tt edge-shaped chan“[ 

g Shutter II Comparator slide HI Comparator slide with coter glass m metal holder 


tube and dn ided bv 4 5 c e (or other figme determined as normal for the 10 c c 
of blood) 

5 Urmorilobin Esitmaiion — Aceniate hemoglobin determinations mav be 
nrnde qmte easdv bt the OKjaen capaciU method using the Tan Shke an- 
paiatus or bt one of the non methods Such procednris are not practical lion- 
et or m routine ehnical nork The e\act number ot grams of licmodobm present 
u mit git on blood is of no great dinical importance It is exeeedin^h- im 

nrr* the hemoglobm content relatit e to norma? Thii 

be done simplt n a bemoulobmometer reading directlv m grams is used lor 
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the detei mination The new Sahh the new Daie, the Bansch and LamhNew- 
coinei, the Klett, the old Jliesehei-jonPlcisehl, and the Haden-Hanssei- instni- 
meuts, all lead in grains although no two give the same leading on the same speci- 
men of blood This makes little diffeience if eveij one in his own laboratorj de 
tei mines foi the instrument used the ai’eiage number of giams of hemoglobin 
pel 100 c e of blood in noimal individuals with a led cell count of 5 million 
pel c mm , and takes this as 100 pei cent The lesiilts aie then alwajs repoited, 
not in the absolute numbei of giams pei 100 e c , but in pei cent of noimal In 
noimal indnidnals the eoloi index is alwais 1 00 inthin the limits of eiror Bi 
this method the peicentage of hemoglobin foi a gneii specimen of blood w'ould 
alwajs be the same in all kiboiatoiies although the actual miiiibei of giams of 
hemoglobin detennined would be diffeicnt in each In our laboi atones the 
Haden-Haussci hemoglobniometei (Pig 2) which leads only in grams is used 
loutinely and 15 4 grams of hemoglobin is taken as 100 per cent 

4 Calculation of Indices — Bi the methods outlined we aie now able to de- 
tciniine aeeuiateh the led cell count and the packed cells ui pei cent of noimal, 
packed cells (noimal equals the numbei of cubic eentimcteis of packed cells 
found in 100 c c of noimal blood with a led cell count of 5 million) and the 
hemoglobin in pei cent of noimal hemoglobin (noimal equals the numbei of 
giams of hemoglobin found in 100 ce of noimal blood with a icd cell count ot 
5 nullioii) Suppose foi a gnen laboiatoiv a specimen of noimal blood with a 
led cell count of 5 million pci c mm jields 46 c c of packed cells per 100 c c on 
centiifuging with an isotonic anticoagulant for one lioiii at 2500 revolutions pei 
minute and contains 15 giams of hemoglobin pei 100 cc, and a specimen of 
anemic blood with a led cell count ot 1 5 million jnelds 18 4 r c of packed cells, 
and contains 6 0 giams ot hemoglobin, then 


('ll The lolume index (loluiuo of uenge cell rclotne to nornnl) 
Numbei of c c of packed cells found pei 100 c c 
Nornnl number of c c of picked cells per 100 c c 


of the 1101111 il blood:; 


Number of led cells found 

Normal number of red cells 
46 

46 


= 1 00 

5,000,000 


5,000,000 

18 4 


46 

of the iiiemic blood = = 133 

1,500,000 


5,000,000 

The mem corpuscular lolume’ (the loluiiie of the iierige led corpuscle in cubic microns) 
IS eakulited bj diiidiiig the \oluiiie of picked cells pei 100 c c br the number of cells con 
timed lu 100 cc of blood The result nni be cilculited in cubic microns bj niultipljmg 
bj - the lolunie of picked cells pei 100 cc pei 5,000,000 cells 
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Thus the meun corpu'cul ir \olume of the normil hlooii--!*'/ cubic 

of the oucmic Mood = / : = 61 T x 2 = I’T cubic microns 

1,’ioo oon 

o, 000, 000 

(b) The color inilex (omomit of hemoplobin per ccU rclotne to uormol) 
Xiimber of grams of hemoglobin found per 100 c c 

Xormil number of grams of hemoglobin 

of the normal blood = — — — — — 

Xunibcr ot colls found per c mm 

Xoriml number of red cells pei c nim 
13 


60 


13 

=1 00 

3,000,000 


5,000,000 


13 0 

of the anemic blood 1 33 

1,500,000 

5,000,000 

The mean corpuscular hemoglobin (the hemoglobin content of the aierage red corpuscle 
in micromicrogramsl is cakul ited bv dmding the hemoglobin in grams per 100 c c of blood 
hr the number of cells contained in 100 c c ot blood It is simph calculated in micromicro 
grains br niultiplvmg bv 2 the number of grams of hemoglobin pei 100 c c of blood per 3 mil 
bon cells 

Thus tile mean corpuscular hemoglobin of the normal blood iii 15 0 xO — 30 micro 

60 

microgr mis of the anemic blood = ■■ 2 = 20 x 2 = 40 mieromicrogr jms 

1 500,000 


5,000,000 

ic) The saturation index (amount of hemoglobm per unit volume of cell relative to 
normal) 


of the normal 


blood = 


Xumber of grams of hemoglobin found in 100 c c 

Xormal number of grams of hemoglobin per 100 c e 

Xumber of c c of packed cells found per 100 c c 

Xormal number of c c of packed cells per 100 c c 
15 


15 

= = 1(10 

46 

46 

C 


of the anemic blood = 


15 

= 100 

IS 4 


4C0 
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The mean corpusciiHr liemoglohni conceutr ition’ (the coiieeiitntioii of the liemoglohin 
111 pci cent pci unit loluine of eclls) is t iltul ited bi diMdiiig the niimbci of grams of liemo 
globiii jicr 100 c e of blood bj the number of cubic centimeters of p ickcd cells per 100 c e 


Id 

Then the iiiean coi pusciil ir hemoglobin concentr ition in the norniil blood = — = 32C 

4G 


G 0 

per cent, in the anemic blood = = 32 C per cent 

18 4 


The calculation of the different indices is facilitated bi the use of a nomogram (Fig 3) 



Fig 3 — Nomogram for calculating indices from led cell count hemoglobin in 1?®^ i,_ 

normal and packed red cells in per cent of normal The mean diameter of the red bloo 
can also be calculated 


5 Wlnte Coipnsde Count — This is subject to fetiei eiiois anct gieatei 
taiiation tliau is the led cell count but should be cqualh eaiefullt done 

6 P) epm ation of Stained Film — In manj^ laboiatoiies blood films aie made 
only on slides For the studj of the niorphologjr of the ted cells foi retieuloeAde 
counts and for examinations foi paiasites, such films are satisfactoij lot 
accuiate diffeiential count for detei mining the lelative numbei of platelets, and 
for studjnng the morphologj of the ■white cells, films made on cotei glasses aic 
fai piefeiable The technic of a blood examination is certainh not mastcied 
until one can make satisfactoiv eoaei glass piepaiations These are easilj made 
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if certain piecaiitions arc olisenod I fiml no thf[louU^ in liaMiijr tlie best of 

preparations made In efficient teehnieians 

The most satisfattor% fo\ei "lasses aie Xo 2 ; inch sipiaie of "ood nianii- 
factiirc The\ must be absolntch clean and tree fioni dust Home cleaniinr 
solution such as a conecntiated acid oi bichiomale acid nnvtuie is often ein 
ploiecl The best method of cleaning is to scinb them nith some jrrit-free scom- 
mg ponder such as Dutch Cleanser Tin hands aie thoionghlv n ashed a num- 
ber of coier glasses placed in the palm oi one and the scouring ponder and a 



^ — The ^reparation o( blood films b\ the co\er gla'is method A a co\er gla*-^ 
\ s Inch '?nuare No 2 ) is grnsped nt the -idjacent comf*rs UTth the thumb and forefinger of each 
“tna B the drop of blood is touched wtth the co\er glo*5S held in the nght hand C the cover 
c'lrrv mg the dron of blood is ouicKlv placed parallel on the cover gK^^s held m the left 
»nnd j) cover gli«;^es are then drawm apart with i sliding motion care being taken to Keep 
P The film** are allowed to dr\ in air and are then readv for «taining The drop 

oi hjond iTiu^t he globoid on the linger tip and just large enough to cover the cover gla*-? when 
Proptrh vpreid (From Haden — (.hitical Laboratoi v Methorls ) 

small amount of ccatei added The glasses aie then mcII scrubbed wnth the palm 
of the other hand using a lotarc motion Thee are rinsed w^th distilled ccater 
placed m alcohol dned nith a chan Imt-f roe cloth and stored m boxes lust 
hcfoie use thc^ are brushed oft with a camel s ban brush and placed on edge m 
1 block of wood or in the top ot a box IVe usualh make a number of slits in the 
<op of a 20 { c sMingc box and keep in the box an automatic lancet the box of 
clomed co\ei "lasses a camel s hair bnish cotton gaiire and a small bottle of 
alcohol thus pioMdmg e^er^tllIng needed lor in ikiii" blood films 
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lu uiakmg the films, a clean and dust-fiee cover glass is grasped at the 
adjacent coineis nitli the thumb and foiefinger of each hand and the drop of 
blood on the fingei tip is touched nith the eovei glass held in the right hand 
(Pig 4) The Corel glass caiiving the diop of blood is quickly piessed parallel 
to the covei glass held in the left hand The blood spreads by eapillaiy attrac- 
tion As the spiead is completed the corci glasses aie diawn apait nith a slid- 
ing motion, caie being taken to keep them paiallel The films aie aliened to dry 
in an and aie then leadj for staining The fingei is pnnctuied mth an auto- 
matic lancet since the depth of the punctiue noniid can be legulated best in 
this mannei The diop of blood must be globoid on the finger tip and just 
laige enough to corei the covei glass nhen piopeih spicad 

Staimng the Blood Film — The films are best stained on a small stand made 
bj nailing a ion of eoiLs to a nood block (Pig 5) Wiight’s stain is the most 
satisfactorr one foi loutine use Oiilj chcmicnllv puie, acetone free methyl 
alcohol such as Mcick’s Blue Label should be emplored in making the staining 
solution Covei the blood film mth about 10 diops of stain and aftei one minute 
add an equal niimbei ot diops of distilled nater Veiv often prepaiations 
made in this mannei aie too blue due to an excess of alkali in the stain The 
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Fig 0 — Comcnient st'rncl for ‘Staining blood dims nride on con or glasses (From Hftden 

Cbnfcal Lahoraloiy Methods ) 


simplest nar to coiieet an excess of alkabiiitj is bj^ adding a phosphate biiftei 
solution The optimum amount of bnlfei solution to be added must be deteimined 
hr tiial Usiiallj the most satisfaetoiy stains aie made bj adding 3 drops of a 
phosphate buffer solution mth a Pn equal to 6 4 and 8 to 10 diops of distilled 
natei If the staining solution is veij alkaline, only the buffei solution is used 
Let stand foi foui to fir e minutes The phosphate buffei solution rvith Ph equal 
to 6 4 IS made as follorrs 

Pnmaiv potassium phosphate (KH PO,) G 63 gm 

Anhadrous secouclar^ sodium phosphate (Na-HPOj) 2 56 gm 
Distilled avator to m ike 1000 00 c c 

The stained films aie mounted film side dorrii in neutral gum damai solu- 
tion A rathei thin solution of gum dainai in chemicallr pine zylol is made, 
ealcinm eaibonate is thoioiighly mixed mth it and the solution placed in the 
mudorv in the sunlight for seveial rreeks After the calcium eaibonate has 
completely settled out, the solution is ponied off and placed in a rrarm place 
until it lias cyaporated to the piopei consistencj'" The gum damai thus made is 
neutial does not daiken mth age and does not cause fading of the stain 

7 Count of Eeticnlocytcs — The leticulocrdes maj be stained mth biilhant 
ciesjl blue in a nuinbei of difteient rrajs Often a film of eresjd blue is pie 
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paicd on co\ei grla<=scs and the blood film made on tin*? He piefci the follow - 
insr technic A diop of a ‘satiuated solution of bnlhant cicsaI blue in aleoho^ is 
placed on a poicelam chop plate {Fipr 6) and allowed to eiapoiate to dmicss 
One drop of the blood taheii fioni the eontrifiifre tube piepaicd foi the de- 
temnnation of the led cell lolunic is mixed with the stain This is taken up 
with a pipette Tilms are piopaied on covei grlasscs and countei stained with 
Wright s stain 

If onl\ a leticuloei'te count is to be made a drop of blood fioni the finper 
bp IS taken np with a caplllal^ mixed with the dried stain in the drop plate 
and blood films made fiom the mixtuic 



8 Defei muiations of Bile Bigment Conieiit of file Blood Plasma — ^The bde 
pjgments aie easilv and satisfactonh estimated as the letems index I ixse the 
method suggested bi ilurphA * Foi the color eompaiison a senes of standards 
aie prepared flora larious dilutions made from a 1 100 solution of potassium 
bichi ornate to eonespond with laning icterus index figmes as shown m Table I 


Table I 


bilction 

COPPESPOXDING ICTEPIS INDEX 

DILUTION 

CORPESPONDING ICTEP’CS index 

1 10,000 

1 

1 500 

20 

1 j,000 

■) 

1 400 

25 

1 2,000 

5 

1 200 

50 

1 1,000 

10 

1 133 


i tiGG 

15 

1 100 

100 


The solutions are kept m a lack in small test tubes 10 mm in diameter 
(Fig 7 ) Ojig (jj cubic centimetere of the supernatant pla«ma is pipetted 
flora the centrifuge tube alter spinning into a similar test tube and compared 
"itli the bichi ornate stanclauls The figure correspontlirg to the dilution which 
matches the set urn is the letenis index of the serum A correction is made foi 
t le cbUition w ith oxalate The noi nial icterus index is 4 to 6 To as oid cloudmn 
hood should be taken when the patient is fasting In prepanmr the dilutions 
0 potsssnim bichromate 2 drops of concentrated sulphunc acid should be added 
<0 each lOO c i to pioscnt fading 
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To Recapiiiilate — T^^ent’^ cubic eeiitinietei s of blood liaic been taken horn 
the patient’s ■vein and blood films liaie been made tiom the fingei t'p Ten 
cubic centimcteis of blood ba've been mi\ed mtli isotonic sodium oxalate Be- 
foie centiifuirni" films foi a count of the leticulocj’ics have been made fiom a 
diop of the oNalated blood Aftci centi ifutring, the ^olume of led cells has been 
lead oft and the icteius index has been detciniined on the supeinatant plasma 
Red cell and i\hite cell counts ha've been made on the specimen to mIucIi a drop 



Fiff — Set of bichromate vlo.nd'iid*? for estimating the Icterus jnde 



Fig 8 — X diagram to illustrate different t>pes of nuclei in pol> morphonuclear 
philic cells i polj morphoniiclear uith nucleus of fl\e lobes connected bj tlilck bands 
tissue The nucleus shous fne distinct masses but since the connecting thieads are tmcK 
cell is designated nonfilamented 2 3^5 pob morphonuclears In which tuo or more looes 
connected onlj bi n fllanient The=;e foui cells are ill designated filamented ."us 

clears B 1 2 1 (5 nonfilamented poUinorplionuclears In eacb cell the lobes or the nu 
are connected h^ thick threads C 1 2 3 4 5 filamented and 

fno or more lobes are connected onlj hi a filament o£ nuclear tissue (Adapted from CooKe 
Ponders — The Pohinnclent Count ) 
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of pota'^uun oxalate has been added The blood film has been stained and ex- 
amined and the indices haie been ealcnlated fioin the data obtained abo^e A 
complete exauiiiiatioii has thus been made mth a iiiininiiim cxpendituie of 
tune and tiouhle Tests othei than those outlined .iboic nia\ be indicated The 
more connnon one of definite lahic is a spreta] ^liidij of uhde rclh 

a Foi IMatiuiti Xuineious classifications to indicate the matiiiitA of the 
polvnioiphoinieleai cells based on a stud\ of tlie iiiieleiis hace been suirgested 
(Ametli Schilling Cooke and Pondei Pons and Kiiinibliaai ) In mv opinion 
the most satisfactoic and piactical classification is the sepaiation ot the poh- 
moiphomicleai nentiophiles into two frronps filainented and nonfilamented as 
suggested be Failew St Clan and Reisingei ^ Siuii counts can be made onli 
on well prepaied and piopeih stained blood films on coaoi irlasses One hun- 
dred polcTiioiphonucleai nentiophiles are counted Cells 'n which the lobes of 
the nucleus aie connected onlv be a thin strand oi filament of nucledi mateii&l 
are counted as filamented cells If theie is am band of nncleai material except 
this chi omatm filament connecting difieicnt paits of the nucleus such a cell is 
counted as noiifilaiiiented (Fig 81 If 100 poh morphomiclcai cells are counted 
not more than 25 per cent should be nonfilamented If onli 100 white cells of 
all twpes aiP counted not o\ei 16 pei cent of the nentiopniles should be 
nonfilamented 

-■km iriegulaiiti in size and staining leactions of the granules should be 
noted, since such changes aie a aood index ot the degiee ot toxioitv and mav be 
ecpialh impoitant as laiiations m matming ot the nucleus 

b Foi Oxidase Content This is of xalue m difterentiating cells of the 
bmpliocrte and bone marrow senes I think the best method is a shcht modifica- 
tion of the Goocipastuie' stains The following stock stain is kept on hand 

Alcohol, 95 per cent 100 00 c c 
Sodium nitropmsside 0 05 gm 

Eeuzidiiie c p 0 05 gm 

y Basic fuchsm 0 05 gm 

The soclimn nitroprusside is dissoJied in 1 to 2 e c of water and added to 
the alcohol m which the benzidine and fuchsm ha\e been dissolved Ten diops 
of the reagent die poured on the blood film allowed to icniain two minutes and 
then diluted with an eciual cjuantity of phosphate butler solution fPa = 6 •1'' con- 
taining 0 5 pel cent licdrogen pei oxide added just befoie use 

c Jenner-Giemsa Stain for Special Stndi of Leucoevtes Thu films stained 
In Ti rights method aie satisfaetoic for most purposes The Jenner-Giemsa 
stain bungs out beautifnlh the finei details of nucleai and other cell structures 
In Icucemia espceialh such piepaiations die laluable Thev aie made as 
follows 

The COCCI glass prepaiatum is co\ creel with Jenner s stain for thiee minutes 
and an ecuial luimbet of diops of distilled watei added After one minute the 
slam IS washed oft Tlie coiei glass is then placed with the film down in a watch 
glass The Gienisa stain (15 chops ot the stock Giemsa solution to 10 c c of dis- 
1 cd watci) IS lun into the watch erldss from tlie side and left foi from ten to 
' tea'll mmntcs Wasli dn and inonnt in neutral gum elaniar 
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SEECIAL EXAMIAATION’S IXDir ITED IN HEMORRHAGIC DISEASES VXD OTHER CONDITIONS 

1 Plaielei Count — An e\cellent idea of the iclatne niimboi ot platelets 
maj be gained fiom an examination of a propeih made eovei glass piepaiation 
If the numbei seems diminished a count should be done The Rees Eekei method 
IS a veiv satisfaetoij one A small amount of diluting fluid (sodium eitiate 
3 8 giains, formalin, 02 ec biilhant ciesvl blue, 01 giam distilled natei 
100 c c ) IS diaiin into the bulb of the diluting pipette to moisten the eapillan 
The blood is then draAvm up to the 0 5 maik and the bulb filled u itli the diluting 
fluid The counting and calculation is done as foi a i ed cell count 

3 Defenmnatwn of Fiagibfy of EiytJuoiylcs — The method desciibed foi 
this bv' Giffin and Sanfoid" is a simple and satisfactoiv one (Fig 91 Tuehe 



Flgr 9 — Method for determination of fragilitv of red blood cells One drop of nhole blood is 
added to each tube of hjpisotonic solution (After Giffin and S'^nford ) 


"Wasseimann tubes are set up in a rack and numbeied 25 to 14 fiom left to light 
uitli a capiUai*} pipette run into each tube the numbei of diops of an ac 
curately made solution of 0 5 pei cent sodium chloride being indicated bv the 
figure on the tube Distilled uatei is added by means of the same pipette to 
make the total numbei of drops of an accurately made solution of 0 5 pei cent 
sodium cliloiide indicated bv^ the figure on the tube Distilled nater is added 
mth the same pipette to bung the total numbei of drops in each tube up to 2o 
Blood IS witlidi anm from a vein bv means of a drj’- sterile sjTinge and one diop 
run into each tube The tubes are allowed to stand at looin tempeiature foi one 
hour or moie The dilution in nhieh theie is lust a slight tingeing of the supei- 
natant fluid due to laking of a feiv of tlie least resistant coipuseles is noted as 
the point of initial hemohsis Beading fiom left to right complete liemohsis 
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IS indicated in the fiist tube in mIiicIi no coxpuscnlar residue is esident b\ shak- 
ing the tube 

The peicentage of soduini chlonde in am tube is calculated bv multiphung 
the number on the tube bv 0 02 Xoinial blood shows intense heniolvsis in 0 42 
or 0 38 pel cent sodium chloride solution and complete henioh sis m 0 36 to 0 32 
per cent 

3 Bcfcnninaiwn of Coagulafioit Time — It is a waste of time to deteimine 
the coagulation time on a drop of blood obtained b^ pieicmg the skin The 
method suggested bj Lee and White* is a satistactoiv one for clinical use Blood 
iswnthdrawn from a •vein with a siringe in which the space between the end of 
the plunger and the needle is filled with salt solution and one cubic centimeter 
IS run into each of 3 small Wassermann tubes 8 mm in diameter The tubes 
should be sciupulousU clean and washed with salt solution iiist before use 
After standing for thiee minutes a tube is lotated endwise eceiv thirty seconds 
and that point at •which the blood no longer flows from its position but mamtams 
Its surface contom when imerted is taken as the end point Normal blood 
coagulates bv this method in five to eight minutes 

^ BJcednio Time —This is easily and tiuickh done bv the method of Duke ■' 
The blood report form is a comenient one on which to report the results of 
the examinatiom 

BLOOD EEPOBT 

Hattie _ .. 

Cwe Xo 

• — cemce 

1 Rro BLOOD CELLS ~ — 

1 ^'umber per c mm — 

- Size m stained preparation — 
o Shape in stained preparation— 

■i wior in stained preparation — 

° Kcgeneration forms 
(•i) Xneleated red cells— 
fb) Basophilia punctate or diffuse — 

W) Xuclear particles— 

mgilitr hemolTsis begins in % complete m % 

„ 7 BhticulocTte count- > 

3 t CllmI bed blood cells % of normal ( c c per 100 c c ) 

•1 HEMOGLOBIX ^ 07 corpuscular volume = cubic microns) ’ 

' COLOR IXDEX r ^1 p> 100 c c mth hemoglobmoraeter) 

0 '^^tTIOX IXDEX ^ ‘'enioglobm= m.cromicrogranis) ^ 

(Mean corpuscular hemoglobin concentrations 
~ tCHlTE BLOOD CELLS for cent) 

o c 

“ ^luerential count 

S! tasSr- s 1— S.,. 

'5 t’lLE PIGMfxts IX "ontrophiles 

('>) Icterus index ' 

/' plvtellts^''''’' per 100 ce 

' L^BORvtoRV DIVGXOSIS 


(Xormal 4 to 6) 
(Xomial 0 I to ’ units) 

method) 


Ximo of Examiner- 
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Chart 1 — Showing: clasblficatlon of anemias 
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THE LABOR \TOn\ CL V«^IFI CATION' 01- AXEAIIA ON TIIL B VSIS OF \ OLI AIE VND 

IlEAtOGIOniN* CONTENT 

The laboratory classification of anemia has alwais been imsatisfac torA A 
rough differentiation into prinian and secoiidari ti'pes is \cit frequently used 
The anemias liaMiig a coloi indeN gieatci than 100 are usually classified as 
primary and those liaA mg a color indeN of 1 00 or loss as secondarj Hampson 
and Shackle’” first suggested the classification of anemias on the basis of cell 
size, using the teims “megalocA'tic and “ nonincgalocytit ” ’^introbe” sug- 
gested four groups (1) macrocytic, (2) normocytic, ’3) simple microcAdic and 
(4) hypochromic Ceitainly the most logical laboratory classification is based 
on all three lariants of the erithrocyte naraeli number size, and hemoglobin 
content The following teims may welt be cmploied to indicate lariations ihicli 
have been observed in these factors 

f Hvpeicjtheinic =red cell count > nonnal 
Xniuber -< Isormoevtlieinic = red cell count mthm normil limits 
HypocTthemic =:red ccU count < normal 
f Macrocytic = mean corpuscular i olume > normal (VI > 1 10) 
toiume •! Xormocvtic = mean corpuscular volume = normal (AT = 0 90 110) 

(_ Microcytic =mean corpuscular volume < normal (VI < 0 90) 

r Hvpereliromie =Mean corpuscular hemoglobin > normal (C I > 1 10) 
Hemoglobin ■! Xormochromic = Mean corpuscular hemoglobin = normal (C 1 = 0 90 1 10) 
Content 4 Hvpochroraic =Meaii corpuscular hemoglobin < normal (C I < 090) 

All the different tvpes of anemia which mav occur from this standpoint aie 

.. f Xormocvtic and hypochromic 

Xormocrthemic | Microcvtic and hypochromic 

TT _ r Xonnocytic and hypochromic 

Hvpercvthem.c | ji.erocytic and hypochromic 

Macrocytic and hvperchromic 
Macrocytic and normochromic 
Macrocytic and hypochromic 
Hypocvthemie Xormocvtic and normochromic 
Xormoevtie and hypochromic 
Microcytic and hypochromic 

These different types of anemia are illustrated in Chart 1 The circles in- 
dicate relative volume, not diameter and the intensity of color indicates the 
relative hemoglobin content A typical example of each type of anemia is given 
Every anemia should be thought of in terms of number, yolume and bemoglobin 
content of the aveiage erythrocyte, and every ease should be classified on such 
crUena An anemia w itli a red cell count of 3 50 millions, a volmne index of 
O'o and a color mdcN of 0 65 is reported as a hypoeytliemic micioeytic and 
hypochromic anemia rather than simplv as ‘secondarv ” anemia Likewise an 
anemia with a count of 2 millions and a volume and color index of 1 50 is re- 
corded as hypoeytliemic maerocvtic and hvpcrchrnmic rather than “pnmarv 

SLVIVI vpv 

I have tried to emphasize the need for an accurate and complete evamina- 
tion of the blood m studvmg hemotolo£nc pioblems Anv clinician who has had 
>0 oppoitnmtv of utilizing such an exammation will never be satisfied with anv 

UTpM swr.?'''' ” "'ll 
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I lla^e indicated one satisfactoiy technic foi carli of the tests suggested, 
although otheis inaj be equally satisfactoiy One good method should be used 
until it IS thoiouglily inasteicd 

Only uith such laboratoiy data can an accuiatc knou ledge of the blood 
djsciasias be gained 
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THE VALUE OP ACCLRATELY DETER]HIXED COLOR, VOLUME AXD 
SATURATIOX IXDEXES IX AXEMIA&-T 


Ba'^ed ox a STI.DY OF Oyer Two Hexored Pattexts 


Edwix E Osgood MD noA\A.PD D Hvski\'> MD \xd Frank E 
TROTArAX, D PORTLAXD, OREGOX 


J^ECEXT dcA elopments* in tlie therapx of anemias liaAe gxeatlv increased 
the importance of accmate diffeiential diaimosis The Aalue of the coloi 
index in differentiating between pei melons and other anemias was learned 
long ago, hut the use of inaeeniate methods and incoirect standards for cal- 
culation have prcAented the full realization of its possibilities The more 
recentlv introduced Aolume and saturation indexes hare been far less thor- 
onghlv studied, but appear to ha\e equal or greater diagnostic value 

The perfecting of a simple hemoglobin method- ^ of research aceuracr, a 
uniform system of hematologic methods^ for use ivith oxalated venous blood, 
and the establishment of normal standards- ' for comparison has made 
possible the present restudv of the value of these indexes in the differential 
lagnosis of anemias This study has revealed far more diagnostic value for 
these indexes than we had dared to hope 


REVIEW OF THE LITERATITRE 

toh.mes Duncm'- (18G7) vras the first to recognize the possibihtv of 
on in size and in hemoglobin content of the red cells in different diseases, thus form 

Kite IT and saturation indexes 

LreaS !rf , t He did demonstrate the relative 

-e m hemoglobin content and size of the red cells in chlorosis 

'vas an?sre!!r calculated bv Havemm n (1878) Leeuivenhoekie (1673) 

t'‘c blood comuscSs in 1 ? •'PPl'cition of the method He demonstrated that 

^ u corpaccles in chlorosis were snnllcr than normal 

'-C ofTlmTeTJ,!®'^’ was appnrenth the first to point out the fact that the increase in 

popular spread r/ tirinowled '"''f features of pernicious anemia, but the 

^-chew (1SS3, BlmLerr’d llciI^U" tS“Ls“’\ 

pf'ictic'il ^ j A \ *- ) c the first to work, out a cluncalli 

Credit Lrt intodtTr^^^^^^ ‘o ’-aJoJl 

belongs to ncdinia (ISOOl ‘ ^ ’>c"^‘ocnt for the determination of red eel! volume 
(lSn3) was the X 1 1 ^ Gaertnera. ( 1 S 9 W 

b, a, a ’ , ’ "« Jmd.a ,i* 

P* ‘^ci.minc juk 5 ijaq , , 

Vuitrlnn il Ileal -oclation Juh ia->a ,r d';'rionstrat<vl at 

5-r, - Portland Orrson. 
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possible 1 elotionships bctM eon cell count, volume, and lienioglobin content He reports 
results on ac\eral cases 

the end of the nineteenth century the color index ivas in common use and findings 
in different types of anemia bad been fairly tlioroiiglilj studied Methods uere available 
for the determination of cell lolume and diameter and a feiv students of the anemias knew 
of the more important changes in cell size and hemoglobin content 1x111011 occur The volume 
index and saturation index had not been calculated and ler} few indiiiduals had any clear 
concept of the changes in the red cells which these indexes express Full reviews of this 
earl} literature will be found in the monographs of Eichhorst,i- Laache,i" Eeinert,22 and in 
the iintings of Bhrhch, Lazarus, and Haegeli 24 

In 1901, Capps2j first reported the method for calculation of the lolume index and in 
1903,20 he reported detailed studies on the blood of 175 persons, 10 of whom were normal 
These studies included hemoglobin estimations b} the Fleisclil method, red cell counts, cell 
volume determinations b} the hematocrit* method, computation of the average diameter of 
the red cells based on the measurement of 100 cells ivith the e}cpicce micrometer, and the 
calculation of the color and the volume index Had his methods been as accurate as those 
of today, undoubtcdl} he would have discovered almost everything that is now known of the 
value of these indexes The failure to recognize the importance of this work has postponed 
for at least twenty five years the attainment of the accuracy in diagnosis of anemias which 
a full understanding of Ins researches makes possible Notwithstanding the fact that with 
the technic used he could not have obtained full packing of the red cells, that his hemoglobin 
estimations cannot be transformed into absolute v ilucs, and that he based his normal stand 
irds for comparison on the study of only four men and six women, he arrived at the follow 
mg conclusions, all of which have since been confirmed ’ 

“1 The centrifuge accurately determines the mass of red corpuscles, but cannot be 
relied upon to estimate the number of cells, because the volume of the cell undergoes vans 
tions in disease • 

“2 The volume of the individual erythrocyte is best obtained by using the centrifuge 
in conjunction with the hemacytometer Volume Index is an expression used to designate 
the volume of the erythroevte relative to the normal Measurement of diameters for the 
detennin ition of cell size is of limited value and often misleading, especially when poikilo 
evtosis IS present 

“3 The cell volume is invariably lucieased in pernicious anemia and usually more sO' 
than the Hb content of the cell This heightened volume index is a more constant and trust 
worthy sign of pernicious anemia than the increased color index The polychromemia m 
pernicious anemia is due to an increase in cell volume and not to an increased affinity of the 
protoplasm for Hb 

“5 In a large proportion of clilorotics the cell volume suffers as well as the Hb, al 
though always to a loss extent The volume index is of gieat significance in prognosis 

“7 The Hb content of a normal ervthrocyfe, as indicated bv a color and volume index 
of 1 00, represents the point of saturation of the protoplasm When, therefore, the color 
index rises above 1 00, we assume that a corresponding increase has taken place in the cell 
volume (except in jaundice, where the color test is unreliable) Supersaturatiou of cell 
protoplasm wath Hb probably does not occui On the other hand, the cell mav lose Hb with 
out necessarily losing in volume 

“S Cell volume seems to be chiefly altered by influences affecting cell growth or de 
generation The large erythrocytes of pernicious anemia are probably voung cells Small 
cells may lesult from a malnutrition of the bone marrow, as in chlorosis, or from an actua 
degeneration, as in sepsis 

“9 The cell volume suffers lemarkably little change from osmotic influences accor ing 
to my observations Dropsy, cyanosis, the Indremia followmg acute hemorrhage, and jaundice 
(with some exceptions) do not materially alter the volume of the cells " 

His data permit many conclusions which he did not report 


•He centrifugated at 10 000 revolutions per minute for thret minutes 
speed of manipulation to secure pack ng of the cells before clotting occurrea 


reljing only on 
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Wrotli" (1907) stuflicd clc\cn cntcs of menin, but ndtlcd uotlnng to tlic work of 
Capp-i In 1911, Lirrabce^s studied 130 indi\idinls, 21 of wliom i\cre normal, but bis 
method'! were so imecunte tint bis results md conclusions nrc incorrect in imns cases 
Mder"! (191S), using a viscosimctTic rretbod for tbe determination of cell volume, studied 
eleven cases of inemin He was app irentlv tbe first after Herraa to use a quantitative 
method for expressing tbe relationship of tbe bcmoglobin to tbe cell volume, tbe ratio now 
expre “sed bi tbe saturation index Tie simplx divided tbe hemoglobin percentage bs the 
cell voluinc per 100 c c , considering 2 2 to 2 4 as the limits of normal variation This ratio 
corresponds to tbe hemoglobin index of IMupplc and Hobscbeit Robbins Alder was the 
first to state that red cells tend to approach the spherical form in hemoljtie icterus He 
confirmed Cipps^s obseri ition tbit tbe concentration of benioglobiii in the red cell is not in 
crca‘!ed in pernicious anemia, lint that tbe increased color index is due to tbe increased 
average cell volume and that tbe hemoglobin content of the red cell is low in chlorosis 

Bonmngerai (1919) was the first to ealenlatc the saturation index in essentialli its 
pre*!ent form He called it tbe Farbeindcx A^olumcn in contradistinction to tbe color index 
which he tailed Farbeindex Zabl He gax c cell \ olume figures in terms of cubic micra of tlie 
average red cell instead of in terms of tbe \ohnnc index, but the latter mav rcadilv be 
calculated from his data In a previous paper, be studied results on sixtv normal persons 
and he adds twentv in tins p iper He was thus tlie first to studv anv adequate series of 
normals His red cell counts and bemoglobim estimations are obviouslx inaccurate, but bis 
cell volume determin itions were much better tlian anv previonslv made His average figures 
for total volume of packed red cells per 100 ce of blood, namelv, 44 7 cc for men and 
■HO cc tor women, would stand todav He reports results on 61 patients witli various 
diseases, being tbe first following Capps to give data of clinical value on an extensive senes 
of patients He confirmed most of the statements of Capps and Alder 

Gram-ia (1920) reported verv bnefiv liis conclusions from volume index studies on 6H 
pet'ons 

'^uzukiaa (1920) and Beicba-t (1921) review and compare methods for tbe determination 
of cell volume Reich was also appareutlv the first to use oxalated blood for hematologic 
studv He reports results, including color and saturation indexes (Farbeindes Tnlumen), on 
33 patients with vanous diseases, 15 of whom he inadvisedlv used as normals His methods 
were so inaccurate, however, that bis figures have verv bttle value 

Csakio (1922, claims work was completed in 1919) was the first to emphasize 
centnfugition to a constant volume rather than for a definite time interval He calculated 
color, volunie and saturation indexes (Farbemdex Tolumen) Had be bad an adequate series 
0 strict normals tor comparison, his results would have been more accurate than those of anv 
0 his predecessors TJnfortunatelv , he based his normals on the studv of 23 hospital patients 
e reports results on 47 patients with various diseases aiid confirms most of the points men 
loned hr Capps’c and Bonninger oi Manx of bis conclusions do not seem warranted bv tbe 
"I a presented and have not been borne out bv subsequent investigations 

Came FroUilicbw 0*122) re lewcd the literature ind studied Si healtliv persons and 04 
pa lents Sl,c published results of color indexes on 65 normals and 28 patients and results 
Decolor and saturation indexes (Farbemdex Volumen) together with tbe average volume of 
UMl'^'i additional 20 normals and 36 patients Her technic calculations, and 

^>c 10 of selecting normals were far more satisfactorr than those of anv of her predecessors 
<ir igiircs are the first to show that the red cell is sbghtlv larger in women (bv 1 3 per 
““t) than m men ^ 


null (1923) reports results of studies on a few patients using unsatisfacton 

'O S JTis CDucbisions arc difficult to correlate with his data 

Mudv w process Hadcn s’s avork appeared This 

3:: paticms?! 1 ? pernicious anemia, and 

•'n oxalatLl veT' ® ’‘■''■‘"S “leondirr anemia His determinations were all done 

*'f hi. prcLe-rs Ho '’r more accurate than those 

""CO Tuen s,,La contnfug.tc to constant volrnne, and it has 

n that the tunc and speed of centrifugation which he nsed are not sufficient 
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for complete pocking of the red cells iii all coses Appnrentlj unaivore of the previous ivork 
on the soturation index (riirboiiidex Voluinen), he coins this term and gives directions for 
calculoting this index, which Capps-u hod so iieorlj discovered (see poragrapli 7 of liis con 
elusions quoted obove) Most of the current interest in the color, volume ond soturitioii 
indexes d ites from this orticle bj Hoden 

Drucker^o (1924) studied the hemoglobin, coll volume, ond soturotion of the cell with 
hemoglobin in 270 heolthv cluldnn ind 217 children with vorious diseases Unfortunatelv, 
he did not do red cell counts 

In 1924, Hadenro republished 1 is previous results with the addition of 30 coses of 
pernidous anemia ond 20 ot sccondorv oncmio 

In 1920, Osgood-* suggested o tentative classilicotion of anemias bj color, volunie ond 
saturation indexes, based on the studv of the first 63 coses included in the present paper 
In this clossifieotion, the diagnostic value of a low saturation index in anemias of chronic 
blood loss was first pointed out 

I(lrgensen and Warburgn (192C) give a ver} valuable review of the literature on the 
size and hemoglobin content of the red cell Thej report color, volunie and saturation indexes 
with measurement of cell diameter on 7 normal persons iiid 45 patients The most complete 
bibliographv of this subject vet published is appended 


Table I 
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4 46 



13 44 

14 00 


36 09 
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5 4 

to 
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15 80 

to 

to 

44 79 

to 1 

1 to 

(196) ■■ 


6 40 



pin 

18 00 



48 97 



4 14 




12 00 




"Women 

48 

to 

to 

13 70 

to 

to 

41 00 

to 

to 



5 55 



16 49 

15 50 


45 89 



Greppi <2 (1927) reports color and volume indexes, togethei with total blood and 
plasma volume determinations, on 6 patients with pernicious anemia and 12 patients with 
pecondaij anemia 

Cameron" (1928) reports color and volume indexes and grams of hemoglobin per 100 
c c of packed cells on 10 normal persons, 10 cases of pernicious anemia, and 25 other patients, 
drawing the conclusion that "in pernicious anemia the hemoglobin content of a given volume 
of red blood corpuscles is invanablj above the average normal value, and usuallv much above 
this value ” This statement is dircctlj contraij to the statement of Capps, Haden, and others 
that supersaturation of the cell wath hemoglobin does not occur 

Some time after the first presents tioiiv* (Jiilv, 1929) of the data and conclusions in 
eluded in this paper, Wintrobe^s lo (Maj", 1930) published preliminarv reports of studies on 
140 patients with anemia He" suggests a cl issification v erv similar to that prevaouslv sug 
gested bj one of uso (1926) 


SELECTION or SUBJECTS 

More than 200 patients^ vveie selected foi study because thej^ had been 
diagnosed as anemic hv some one Time did not permit the study o£ all sudi 
patients available during the seven jeais ovei which this leseaich extende , 

•These were from the Multnomah Countv Hospital and tiom the piivate pi notices of Z>r^ 
Harold C Bean I C Billl N VV Jones Laurence Selline- and others 
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COLOR, AOITjAII \\I) ‘^\TLI ATIOV rs*DL\l>f5 IX \NEAII\S 

SO om figures have uo Aaluc for a dcteninnation of the relatne frequencies 
of different tvpes of anemia 

All cases ivere discarded fiom tins senes m ivliieh an almost ceitainlA 
complete and coirect diagnosis was not ttUunaicJy made h} criteria ot er 
than the color, Aolnme and saturation indexes and agieed to bA* other physi- 
cians seeing the case This left a group of 167 examinations on 144 eases 
vrliicli vrvll he discussed in detail 


ASETHODS" 

The chnical examinations were carefullA* checked bv one of the authors 
Oxalated venous blood ivas used for the hematologic methods ■* Gastnc con- 
tents anahses stool examinations and iiranalyses including tests for uro- 
bilmogen, were done in almost all cases 

ked cell counts were made Avith research accuracA', using Toisson s dilut- 
ing fluid and Bureau of Standards appaiatus The counts reported are the 
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1 11 
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average of two or more dilutions agreeing Avithin 100,000 Hemoglobin esti- 
mations were made by the Osgood-Haskms method ' ^ Cell volume determi- 
nations*’* as ere made bA the methocH preAaously described by us Centrifuga- 
tion Avas earned out until the cell Aolume remained constant, a precaution 
■»hieh has been neglected bv many other workers A correction of 3 5 per 
cent of the Aolnme of the packed red cells must be added if it is desired to 
compare the results with those in which an isotonic anticoagulant was used 
Control stuclv showed each of these three methods to base limits of error of 
phis or minus 2 per cent 

Calcidaiion of Indexes — The normal standards (Table I) used were de- 
<crmined b\ the authors on 196 t healthv A-oung men and 106t healthv roun«’ 


’"tthods u^Pcl ma-v be found b^ relerencc to the Textlool of LahoraioT-,, 
mm-mclpbla ^ ^ Ossood and Howard D Haskins P Blakiston s Son a cA In" 

Ci-matlon' Ponders* studa of our methoa of determlnln- cell \oIume 1= a eon 
bx lA, ..° n on ten cases differs from ouf aterace ?n 

uAi O ‘•’O probable error of his results erase on lao cases 

erlMcUm „ recosn.^e“i t^?n\ "maA^tht 


vvinit* 

outtvetph th<i *"**“rx me 

•^nd ^\x \x!nu\^* papers were pub««:he<l hemitolopic •rtudie's of fift\ mna 

' r. AA”tArt'^i " -Wed to the .cries without 'isnlflcantlf 'of™h^ 
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women,® using the same technic and apparatus as that used in the present 
reseaich Oui standaids have been sho^^n ' ® to agiec closel's uith the aver- 
ages of all leliahle studies made to date 
The indexes weie calculated as follous 

Coloi Index Per cent Hemoglobin , nhen the hemoglobin coefficient^ 
Pei cent Red Cells 

foi normal peisons (foi men, 14 7, foi women, 14 3) of the patient’s sex and 
age gioiip IS taken as 100 per cent hemoglobin and when 5 million pei cmni 
IS taken as 100 per cent led cells It expi esses the latio of the hemoglobin 
per unit number of cells in the patient’s blood to the aveiage hemoglobin pei 
unit number of cells in the blood of noimal peisons of the patient’s sex and 
age gi onp 

Volume Index = Pci cent Cell Volume, ■when the volume coefficient^^ 
Pei cent Red Cells 

for normal peraons (foi men, 41 , foi women, 43) of the patient’s sex and age 
group is taken as 100 per cent cell volume and when 5 million per c mm 
IS taken as 100 pei cent led cells It expresses the latio of the mean size of 
the cells in the blood examined to the mean size of the cells in the average 
blood of normal individuals of the patient’s sex and age group 

Satmation Index = Pci cent Hemoglobin , ■when the hemoglobin coeffi 
Pei cent Volume 

eient and the volume coefficient foi normal persons of the patient’s sex and 
age group aie taken as 100 pei cent hemoglobin and cell volume, lespectively 
It expresses the latio between the hemoglobin per unit volume of cells in the 
blood examined and the aveiage hemoglobin per unit volume of cells in the 
blood of healthy peisons of the same sex and age group 

In the present study all calculations were made with five place logarithms, 
but for clinical use a table and a cbaif*" have been prepared ivhich gieatly 
simplify these calculations 

A smear stained with Wright's stain was studied and saved foi reference 
in each case Otliei hematologic studies such as white and differential cell 
counts, icteius index deter miiiations, platelet and reticulocyte counts, fragility 
tests, peroxidase stains, etc , n ere made as indicated Whenei ei possible, an 
antopsy ivas performed on those patients who died 


RESULTS 


TJntreated Peiniciovs Anemia — In Table II aie shown the results of 43 
blood examinations on 37 cases (20 men and 17 women) of imtieated per 
melons anemia Patients 3 and 10 weie uniisnally young for penneions 
anemia, but in Case 3 the diagnosis wms confiimed by neciopsv and m Case 
10 the achlorhydiia, combined system disease, leucopenia, and normal le 
cell fragility seemed to us sufficient evidence to exclude the foimei diag- 
nosis of familial hemolytic icterus and to establish the diagnosis of peimcions 
anemia This patient died, but no neciopsv wms secured 

A tlieiapeutic test -was not applied m most cases because thev iveie stndie 


♦The hcmogloUn coefflcleiit is "i term introauced ■b^ the f of 

hemoelobln per 100 c c of blood calculated to a red cell count of 5 ® fill", nf niched 

bemoglomn^per^^^^^^ coc^ictcnl is a term introduced bt the aumrns fortbeyffiume of pn 

red cells per 100 c c. of blood cilculattd to a led cell count of 5 million per c mm 
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before the discoieii of “liiei” (nuclear) tlieiapi Free hjdrocWoric acid 
ivas not found in the stoniacli contents of am ease repoited as pernicious anemia 
Kote in Talile II the niiif ornilv high color and i olnme indexes n itli nor- 
mal saturation indexes This completely confirms the statement of Capps 
Bonninger^' Haden and others that the fundamental alteration in the red 
cell in pernicious anemia is an increase in si/e with a corresponding increase 
in hemoglohm content In no case is there a true Iia perchromia as is claimed 
bv Cameron^® and as is stated in most of the oldei texts 


T\BLr II 


Untreated Pernicious Axejiia 
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52 

0 51 

16 6 

2 29 

1 00 

1 54 

169 

0 91 

2 

ii 

3S 

0 42 

16 7 

2 31 

7 14 
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24 
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60 
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5 

31 

57 
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65 

0 45 
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138 
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8 

JI 

66 
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28 6 

3 94 

10 91 
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140 
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9 

P 

68 

101 

29 5 

4 07 

1134 

141 

131 
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10 

F 

16 

102 

34 7 

4 79 

14 33 

164 

163 

101 

11 

F 

77 

0 80 

30 1 

4 15 

10 27 

1 82 

1 50 

122 

12 

31 

62 

102 

37 2 

514 

13 00 

171 

1 55 

110 

13 

P 

71 

114 

38 8 

5 35 

13 11 

164 

133 

123 

14 

P 

59 

118 

40 2 

0 55 

14 84 

164 

146 

112 

13 

JI 

44 

133 

40 7 

5 62 

15 36 

144 

141 

102 

16 

F 

72 

139 

419 

5 79 

15 89 

145 

133 

109 

17 

JI 

75 

128 

42 8 

5 90 

IS 39 

1 57 

175 

0 90 

18 

31 

74 

126 

43 5 

6 00 

18 67 

1 62 

181 

0 90 

19 

P 

71 

163 

43 9 

6 06 

18 27 

130 

1 30 

100 

20 

JI 

65 

132 
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16 00 

1 58 

1 48 

1 07 

21 

31 

78 

151 

46 4 

6 41 

17 25 

1 44 

1 39 
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JI 

45 
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2 53 

74 0 

10 21 

32 98 
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p 

51 

2 43 

79 5 

10 97 

32 10 

1 58 

1 54 

1 03 

34 

3" 

JI 

67 

2 58 

2 91 

80 7 

82 0 

11 14 
11 32 

32 79 

33 16 
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1 32 
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1 39 

1 02 

0 95 

35 


70 

3 21 

84 2 

1162 

32 23 
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1 17 
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66 
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1 12 
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78 

59 
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Obsei%e that 100 pei cent of the diagnoses noulcl h<ne been coneetlr 
made if both the coloi and lolnme indexes neie determined and if a result 
of 01 er 1 25 in eithei iieie consideied diagnostic of pernieions anemia Onl} 
one ease (35) noiild haie been missed if the volume index alone had been 
used, and only tvo (28 and 37) if an accurate color index alone had been 
lelied on These facts should be kept m mind foi compaiison with the clini- 
cal diagnostic average on fii'st examination which will be discussed latei 
The aieiage eoloi index is 148 with a range of 112 to 2 04 The aierage 
volume index is 147 vith a langc of 117 to 2 43 The aveiage satuiation 
index IS 0 99, oi almost exactlj’ noimal, and the lange is 0 84 to 123 nliicli is 
almost identical nith the iioimal lange as shonn m Table I 

Studj ot the stained snicais in some of these cases slioned lery feu 
deviations fiom the normal, although it is possible that the tedious pioeediue 
of measuiing the diametei’s of 1000 cells might liaie led to the diagnosis 
Megaloblasts and nucleated led cells iveie found so inconstantly that it iias 
CMdent that failuic to find them cannot be used as emdence against the diag- 
nosis of pernicious anemia On the othei hand, tipical megaloblasts iieie 
found m cases of leucemia, lead poisoning and carcinoma n itli metastases to 
the bone mairon, hence thej are far fiom coiiclusne proof of the presence of 
peinicious anemia eien when found 

It IS notewoitln that in the cases (34 to 37) in which the hemoglobin is 
comparatii ely high the coloi and lolunie indexes are still sufficiently high to 
be of diagnostic i alue 


Table III 


TnriTED Pernicious Anemii 
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121 
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57 
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M 

49 

54 
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*XucIear exti-ict 

Murpln tliet 
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COLOR, \ OIL ME \ND ITERATION IXDEXES IN AXEMI 

Treated Pernicious Ajirmifl —Table III presents lesults of studies on 8 
cases of pernicious anemia befoie and after lecemng specific treatment The 
figures m italics are the results before tieatment The fiist four eases (11, 
33 31 and 38) were treated mth the iiucleai CNtract of Jones Phillips, Lar- 
selL and Xokes =" The last fom (12, 15 37 and 39) were treated with the 
liver diet of ilinot and Murpln ' Note that the coloi and volume indexes return 
to normal after a few ueeks on either treatment No changes as marked as 
these were observed in spontaneous remissions of untreated cases Knowung 
this it IS necessarv to find out vvhetliei the patient has been taking such 
therapv before relv mg on a normal or low eoloi and v olume index to exclude 
the diagnosis of pernicious anemia 

Anemia of C/nonic Blood Loss — Table IV presents results of the study of 
ten eases in which clirome hemoirhage was the onlv' discoverable factor tending 
to produce anemia Xote that there is a marked tendenev for all of the in- 
dexes to be low As will be shown later this is the only type of anemia, with 
the exception of the chlorotic type, in which the saturation index is low The 
highest saturation index is 0 91 (Case 45) and this may well hav e been due 
to the large blood transfusion mne days before 

In Table V are presented fifteen studies on thirteen cases in winch chronic 
hemorrhage was the chief, although probably not the onlv, factor tending to 
produce anemia The results are similar to those in Table IV In only two 
cases IS the saturation index well within normal hmits and in one of these 
(Case 60) the duration of the bleeding was unknown, while in the other 
(Case 61) the duration was onlv two months and a second determination a 
week or so latei, 3 ust attei a hvsteiectomv had been pertomed showed a 
deereasmg index Tins low saturation index occurs so raiely in any other 
%pe of anemia that, in oui opinion, c/iionic Jiemoi i Jiage should be consideied 
as the most piobahle cause of any aneiuta shoiiinff a saturation index below 
0 85, intfU if has been definitely excluded This is a very important diagnostic 
point, for it IS thus possible to reach a correct conclusion the first dav the pa- 
tient IS seen, even though the bleeding may have stopped previously or though 
several da vs’ observation may be necessarv to detect its source A high 
Saturation index, on the otbei band, is a point against an anemia being due 
largelr to chronic loss of blood even though bleeding is occurring The diag- 
nostic value of this mdex was apparentlv overlooked prior to the publication 
of our preliminary report,' although it is clearlr illustrated m Capps’s article-' 
(see Ins Table XIV) and also in the results of other writers on this subject 
Aore recently JVmtrobe^® has confirmed this observation A low icterus index 
Was cliaraeteiistic of this group of cases 

-liicmiff? Due to Infection — It has been ciistomarv to group these under the 
ueading of hemolvtic anemias, but it appears to the authors that this is un- 
J«sti6able, since depiession of bone marrow activitx bv circulating toxin and 
sensiti7atioii of red cells to normal blood destrovmg mechanisms probably 
P av a part m the production of these anemias, also The relative proportion 
nt tlie memn due to these different factors undoubtedlv lanes with different 

1 es and tvpos of infection and with varving virulence of the organism 
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In Table are presented t'\ventj'’-si\ studies of twenty-three eases in 
winch the anemia was due, as far as could be determined, solely to infection 
They aie ananged by disease gioups The hist seven are cases of subacute 
glomeiular oi chronic diffuse nephritis Our studies confiim the statements 
of Blown and Koth,“-' namely, that anemia is almost constantl}^ associated 
with this type of nephritis, that its seventy runs parallel with the seventy 
of the nephritis, and that the nature of the anemia (normal indexes, low 
leticulocyte count and icterus index, absence of urobibnogen in the urine) 
suggests as the chief etiologic factor bone maiiow depression lathei than 
hemohsis Our results disagree with those reported by Ashe,"^ probably be- 
cause he reports results obtained with the Dare hemoglobinometer which has 
been repeatedly shown to have limits of error exceeding plus or minus 35 per 
cent and thus is voise than valueless for color and saturation index calculations 
The normal saturation indexes confirm the experimental observations that 
the loss of blood cells in the urine is far too slight (always less than 5 cc, 
usuallj less tlian 1 c c , ot blood per daj') to be a factor in the production of 
the anemia This ancinia in chronic diffuse nephritis is so constant that a 
hematologic study is of great value in the differential diagnosis from hvpei- 
tensive cardiovascular lenal disease in which anemia laiely occins 

The other conditions listed in this table require no special comment ex- 
cept to point out that these diagnoses should ahiays be considered when 
searching for the cause of an anemia associated with iioimal or low color and 
volume indexes and with a noimal saturation index 

Note that while the color and volume indexes may be either iionnal or 
low in this group, they never exceed the upper normal limits and that the 
saturation index is consistently normal, onlj' two estimations below 0 85 being 
recoi ded 

Table VII shows results on eight cases in which infection was the chief 
factor in the production of the anemia The results are similar to those in 
the previous table, but the saturation indexes average lower, due to the fact 
that hemorrhage was a complication in four cases 

Note the frequency with which elliptical erythrocytes were observed m 
these eases Case 79 is the same as Adriana N reported by Hunter and 
Adams They demonstrated similar elliptical cells in members of three 
generations of this same family, some of whom had no anemia Lawrence-’ 
had previously reported the finding of elliptical and sickle-shaped erythro- 
cytes in the blood of white persons A search through our slides revealed 
typical elongated cells in certain eases of almost every type of anemia, hence 
we were forced to agree with Huck®' that this is either merelv one type of 
poikilocytosis or, which is more probable, that it is a familial anomaly of red 
cell form which is exaggerated by coexistent anemia but is not a factor in the 
production of that anemia It is readily differentiated from true sickle-cell 
anemia which ocerris only, as far as is knoivn, in the negro race 

Anemia Assoaaicd With Diseases of ihe Blood-Forming Oigans Table 
V TTT presents results of fourteen studies on twelve eases Note that, with 
few exceptions, the indexes are normal In the one ease (98) m which the 
color index was high, the white and differential eell count at once gave the 
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dvfterential diagnosis fiom pciiucious anemia Theie is some doubt nhether 
these indeNcs aie coiiect as adult staudaids iieic used for calculation since 
no satisfactorc standards exist for cluldicn of tins age (sin a ears) In the 
one case (99) in Viliicli tlie saturation indcN was low, hemorrhage could not 
be excluded 

Mncdlaneons Anennas —Table IX contains tweutA -eight studies on a veiw 
uiteiesting group of nineteen cases of anemia of seveial tApes, the number of 
each tApe being too small to aa aiiant a separate table 

The first tAio cases aie the only chlorosis cases that we A\ere able to find 
in a peiiod of seAen A'ears These A\eie mild cases and the findings resemble 
those in the chionie hemorrhage group In more scAcre cases Capps,'® Bon- 
ninger’^ and others liaAe fomid still lower color, Aolume and saturation indexes 

Malignant tumors (Cases 108 to 113) showed practically normal satura- 
tion indexes in contrast Avith the low indexes of caicmoma cases with hemor- 
iliage (Table Y) Case 111 deseiAes special mention as it Avas the only case 
with high indexes (aside fiom one leucemia) in which the diagnosis of per- 
nicious anemia seemed doubtful This patient aaus first seen by Dr X Y7 
Jones and the diagnosis of multiple mAeloma (proyed correct at necropsy) 
was made by him chiefly on the basis of the tApical loentgen-raA findings m 
the hones His laboratory also found a high color and yolume index There 
was nothing m the clmical picture either particularly to suggest or to rule 
out pernicious anemia XecropsA reAealed in addition to the multiple mieloma, 
a marked megaloblastic hypeiplasia of the bone marrow but the spleen was 
not enlaiged and shoAved none of the changes common in pernicious anemia 
We are undecided as to whether this is a coincidence of multiple myeloma 
and peinieious anemia, which seems aciw improbable or Avhether the blood 
picture of pernicious anemia was produced by tbe inyohement of the bone 
marroAv The latter would seem more probable were it not for the fact that 
the othei malignant tumors in which the hone marrow was involyed showed 
no eleyation of the color and yoliime indexes We haye been unable to find 
icpoits of other cases of multiple myeloma in which sufficiently accurate 
licmatologic studies were made to form a basis for conclusions That anemia 
IS associated as a rule with multiple mjeloma has been shoAyn'® repeatedly 

Tlie mode of production of anemia associated Anth malignant tumors is rm- 
questionabh varied and complex Hemorrhage, bone marrow metastases, 
toMii production (") and secondary infection may all play a part and the 
t fleets of toxin production and secondary infection may be local blood de- 
stiuction generali7ed hemolysis, or depression of bone marrow function In 
our OApeiiencp, hemorrhage and bone mairow metastases are by far the most 
iinportaut since anemia occurs late or not at all in those tumors m lyhich 
these can be definitch excluded 

Tile two cases (11-4 and 115) of malaria show normal indexes This 
agiees with the obserAation of Wintrohe"' Ileie the chief factor m the 
production of the anemia is unquestionablA* the destiuction of red blood cells 
Within the blood stieani Similar findings were observed in one case (116) 
of lead poisoning and one ease (117) of acetanihd poisoning The case of 
bad poisoning is notew ortln in that as main as eighteen nnclcatcd red cells, 
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nianj’’ of them tyi>ical megaloblasts, wcie seen in tonntiiig 100 ■vvliite cells 
Tins ease wonld nnqnestionablj' have been diagnosed as peinieions anemia 
fiom a study of the stained smear bad the ciiteiia given m most te\ts been 
used 

Case 118** had a veiy inteiesting polyglandulai deficieney in which Inpo- 
tunction of the thyroid and supiaienal glands predominated The counts 
extend oiei a period fiom Febiuaii, 1925, to Noi ember, 1926 Note the leiy 
seveie teimmal anemia foi which even at postmoitem examination no cause 
othei than the glandular deficiency could be found Notwithstanding the 
statements, fiequently made, that the anemia of myxedema may simulate that 
of pernicious anemia, her eoloi and volume indexes lemained normal through- 
out This agiees with the obsciiations of IMaeKen/ie 

Case 119 is oiii only case of pernicious anemia of piegnanej Note the 
high coloi and \olume indexes 

Case 120 is probablj' the fiist ease of sickle-cell anemia in which color, 
volume and satuiation indexes have been caleiilalcd However, ue had to 
use adult white standards, since those foi negio cbildien aie not known It 
seems piobable that all the indexes mil be normal in sickle-cell anemia if 
calculated fiom conect standaids 

In the foul cases (121 to 124) of acute hemoiihage all the indexes weie 
normal Case 124 is oui onl} case of acute blood loss in a healthv loung 
man, and is particulaih interesting in that lecoids are a^allable befoie and 
at inteiwals aftci donating 875 c c of blood This loss did not i educe the red 
cell count oi the hemoglobin below the louei limits of iioimal (no anemia) All 
blood findings letmned to piactically their previous Iccel s\itliin a month 

Nonamimc Gionp — Theie weie a large number of cases onginalh diag- 
nosed as anemia ivliich could not be used in this paper as tiue anemia cases, 
fiom these we liave selected 20 as being paiiiculaily instinctive (see Table X) 

We would define anenua as a dcciease in eitliei the ted cells ot hemoglobin 
01 both below the loivei noimal limits foi pci sons of the patient’s sex and age 
gioup It is possible that in some of these cases theie is a lelative decrease as 
compared to the normal level for that pailicnlai peison (cf , Case 124) but as 
previous detciminations on these individuals are lacking, it seems only fair 
to segregate them This is a precaution which other nriters liaie not observed 

It IS noteuortliy that the first cases (125 to 130, inclusive) had been ei- 
roneously diagnosed as having pernicious anemia Thej mil be discussed in 
detail in connection with Table XII 

The next two patients (131 and 132) had been told ivitlim a day or so of 
the date of our study that they had anemia which required treatment In 
each instance, the basis foi the diagnosis of anemia was a Daie hemoglobin 
estimation of 65 per cent 

Cases 133 and 134 aie examples of the condition called by the Germans 
"Schemanamie’' or “apparent anemia ’’ They had no symptoms but looked 
so strikingly pale that it was difficult to believe that anemia was absent 

Cases 135 to 141 aie examples of conditions in which anemia sometimes 
occurs, but which, in these instances, show no anemia In our expeiience 

•This case Is to be reported Dr Rush» 
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anemia is tlie exception in lij'pertensn e cardiOA asculai renal disease, infec- 
tions mononucleosis and in tuberculosis ■winch is uncomplicated by bemor- 
rhage or secondan* infection The absence of anemia in infectious mono- 
HDcleosis IS an impoitant point m differentiating it from acute lymphatic 
leucemia "which it may closclv resemble in other respects 

Cases 143 and 144 "were examined solely because the mother (Case 71) 
showed numerous elliptical red cells, but their bloods contained only a few 
such cells 

Pe) melons Avetmas Chmcalhj Misdiagnosed — More than these eight cases 
(Table XI) might have been included had we not strictly adhered to our rule 
to discard all those eases in which a reasonably certain diagnosis was not ulti- 
mateh i cached by othei methods than a stndv of the color ^olume and satu- 
ration index The color and a olume indexes were high in e^ ery case at the 
time when the erroneous diagnosis (see last column of the table) was made 
If the criterion of a color or volume index above 1 25 had been used by the 
clmician there would not have been this failure of correct diagnosis m 20 per 
cent of the pernicious anemia cases 

Erioueous Clinical Diagnosis of Pernicious Anemia — These 13 cases are 
summarized in Table XII Note that if reliance had been placed on the color 
and volume index, question could have arisen onlv in Case 70 and m that 
case the indexes do not exceed the highest observed in perfectly healthv per- 
sons Nevertheless, each of these cases was diagnosed pernicious anemia at 
the time the first recorded studies were made The correct diagnoses ulti- 
matelv reached are noted in the last column Observe that the conditions 
■which are hkely to be confused clinicall\ with pernicious anemia are with the 
exception of carcinoma of the stomach, not those ordinarily mentioned in 
texts as difficult to differentiate 

Case 92 was demonstrated twice to senior medical students by rvell-tramed 
internists as a typical case of pernicious anemia Following the detection of 
normal color and volume indexes, positive blood cultures for Streptococcus 
Mndans were secured and a postmortem examination revealed a typical sub- 
acute bacterial endocarditis with the rare complication of an abscess in the 
spleen from which Streptococcus nridans was cultured 

This initial clinical diagnostic error of 13 cases out of a possible 106, or 
12 per cent, is to be contrasted with an error of only two eases (98 and 111) 
or 2 per cent, if both a color and volume index below 1 25 be taken as the 
criterion for excluding the diagnosis of pernicious anemia Here again this 
senes might hai e been increased by less strict adherence to our rule for dis- 
carding cases 




It IS regretted that opportunity did not present for the study of the anemias 
of sprue, Dibothnocephalus latus infestation, aplasia of the bone marrow or 
amihal hemolvtic icterus It seems howecer, definitely established that the 
color and a olume indexes mav be high m some cases of anemia associated -with 
sprue or infestation with Dibothnocephalus latus ” It has not however 
cen suihcienth empliasized that the pernicious anemia svndrome is the ex- 
P >011 rather than the rule m patients harbonng the broad tapeworm 
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If seems certain that the coloi \olnme and saturation indexes aie normal in 
true aplastic anemia, although ue haic studied onlv one case (not included 
111 the senes) If Alders-”' ohsercation that the cell Aolumc (Aolume index) 
IS normal while the cell diametei is decreased in familial hemolvtic icterus, 
can be substantiated, this mil be one disease in which the tedious determina- 
tion of the average red cell diameter adds to the information secured by the 
easilv determined i olume index 

ilurphy and Fitzhugli'”^ have published data on a considerable number of 
anemias fiom which the color a olume and saturation indexes mav be calcu- 
lated Their results agree quite well w itli those herein reported The tend- 
encv to a low saturation index in chronic hemorrhage is strikingly demon- 
strated by calculation of these indexes from the data in their table although 
thev do not comment on that fact The few exceptions are probablv due to 
the occasional use of the Dare or Tallqiist hemoglobin methods, although most 
of their data were secured bA the use of an accurate method "VTe heartily 
agree with their conclusion that the deteimination of cell volume is a more 
simple means of determining the average size of the led cell than is the meas- 
urement of the mean cell diameter 

IVe regret that the time and funds aiailable for this study did not seem 
to warrant a determination of the total blood and plasma volumes in each 
ease, as this would haA e imdoubtedlA- eontnbuted further information of value 

Criteria for the difterential diagnosis of 28 types of anemia based chiefly 
on the other laboratory and clinical studies in this senes of cases are sum- 
marized in a table in another article,®^ together with a discussion of the 
fundamental causes of anemia 


STJAniAKT 

The literature on the color, a olume and saturation indexes is renewed 
Detailed results, obtained by methods of research accuracy, are reported for 
hemoglobin red cell count, cell a olume color index, a olume index and satu- 
ration index on 144 cases of anemia and related conditions 


coxcLtrsioxs 


1 Capps s Avork on the eoloi and Aolume index m anemias has neAer re- 
ceived the Cl edit it deserves 

2 Bonningei (1919) ivas the first to calculate in essentially its present 
01 m the ratio Avhich is now called the saturation index, although Haden 
(1923) deseries credit for coming this term and for reaivakening interest 
111 these indexes m English-speaking countries 

3 The most characteristic change in pernicious anemia is the pre- 
ponderance of raacroejtes m the blood This is most easilv recognized bv 
the A olume index deteimination 


■i Tlie high color index in pernicious anemia is due to the increase in 
we of the cell not to increased concentration of hemoglobin within the cell 

rot ouur"Tl'''’ tnie hvperchromia does 

cciir cither m pernicious anemia or in anv other condition so far studied 
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5 If either the color oi volume index is aboA e 1 25, the patient, ivith rare 
exceptions, ivill piove to liaAe pernicious anemia 

6 Such a high coloi and %olume index constitutes a definite indication foi 
the administration of “liver” theiapy 

7 A Imv satuiation index, as uas first pointed out by one of us in 1926,-' 
strongly suggests that the anemia is due to chionie blood loss, and constitutes 
a definite indication for a seal eh foi the cause of the bleeding, an effort to 
stop the bleeding, and for the administiation of “non” in large doses 

8 Anemia is laie in patients having malignant tumors without bone 
mariow metastases, hemoirhage oi secondai 3 ’' infection Hence, the finding 
of anemia in such patients should suggest that one or moie of these compli- 
cations has occurred 

9 The coloi, volume, and saturation index dcteiminations are extiemely 
valuable aids in the differential diagnosis of anemias It is necessai}’’ to warn, 
howe^ er, that they may be not only of no assistance, but actually misleading, 
if the}' aie not deteimined bj' accuiate methods with controlled technic and 
if the calculations aie not based on the coirect nonnal standaids now avail- 
able, instead of on the obsolete \alues still included in most texts® 
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M uch of the accuracv in inteipietation of the blood picture in clisease is de- 
pendent upon an understanding of the imderlving mechan’sm of hemo- 
poiesis The many technics fixed iital and snpiantal which have been de- 
veloped for the studv of the cells of the blood together ivith data on cell origins 
and differentiation obtained fiom embryologie and experimental investigations 
now provide at least a woiking basis for the approach to the clyserasias involv- 
ing the hemopoietic svstem Quite aside from the primary blood diseases, there 
are verv few pathologic conditions inth which the hodv has to deal in which 
one, or more of the types of cells repiesented in the circulating blood is not 
secondanlv mvolved That these circulating cellular elements may represent 
an important and pow erful increment in the defense forces of the body is a fact 
attested bv repeated obseiw ation G Lovell GuUand^ in his Harveian Oration 
on the Circulating Fluid “looks forwaid to the time when the differential count 
will be more important than the auscultation of the heart,” but that dav wnU 
come in its fullness only when “the Imowledge to intei-pret such data properlv’ 

IS ours 

The bone marrow thioughout extranteiine hfe is the natuial source of 
en*throcytes, thrombocytes and the three kinds of gianulocvtes The phagocvtic 
macrophages (clasmatocvtes) while alwavs present in mariow, are quite as 
regularlv and normallv found in spleen, bvei and diffuse connective tissues 
Then size and abihty to arise in situ throughout the body, as the need presents 
tend to muumize their appearance in the ciiculation - ^ Lj-mphocAdes and mono- 
mdes, the remaimng elements which utilize the lascular bed as an aienue of 
distribution, de^elop in Ivmph nodes, spleen, and in the more diffuse Innphoid 
and connectne tissues of the bod^ Hence hemopoiesis in its bioadest sense in- 
volves bone marrow spleen hinph nodes, connective tissues and the vascular 
and Ivmphatic svstems 

Se^e^al circumstances ha\e coutiibiited to the confusion winch has existed, 
and which still continues to pievail, among hematologists relative to the oiigins 
and relationships of the cells of the blood It is agreed that all take their first 
beginning from the mesenchymal cells of the mesodermal laver in the embrvo 
But thereafter the theories and lupotlieses diverge more or less ladicallv though 
1 would venture to assert that the differences arise moie in the interpretation 
than in opposing ob 3 ective obseivatious where experiments have paralleled in 
materials and methods In the usual hvpci plastic red marrow where blood 
cells are developing it is difficult to distinguish the tissue landmarks which 
^^oparat c and segregate tlie units comprising different cell strains This diffieultv 
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M uch of the accuracy m interpretation of the hlood pictuie in disease is de- 
pendent upon an underetandins of the imderlviD" mechanism of hemo- 
poiesis The many technics fixed vital and supravital ivhich have been de- 
veloped foi the study of the cells of the blood, together vnth data on cell origins 
and differentiation obtained from embi'vologic and experimental investigations 
non pronde at least a working basis for the approach to the dyscrasias involv- 
ing the hemopoietic system Quite aside from the primary blood diseases, there 
are very few pathologic conditions with which the body has to deal in which 
one, or more, of the types of cells represented in the circulating blood is not 
secondarily involved That these circulating cellular elements may represent 
an important and pou erful increment in the defense forces of the body is a fact 
attested bv repeated ohsenation G LoieU GuUand^ in his Harveian Oration 
on the Circulating Fluid “looks forward to the tune when the differential count 
inll he more important than the auscultation of the heart “ but that dav will 
come in its fuUness only when “the knowledge to interpret such data properly 
IS ours 

The bone marrow throughout extrautenne life is the natural source of 
erythrocytes, thrombocytes and the three lands of granulocytes The phagocytic 
macrophages (clasmatoccdes) while alwavs present in marrow, are quite as 
regularly and normally found in spleen, livei and diffuse connective tissues 
Their size and ability to arise in situ throughout the body as the need presents 
tend to minimize their appearance in the circulation - ® Lvunphocvdes and mono- 
evtes, the remaimng elements, which utilize the vascular bed as an avenue of 
distribution develop in Ivmph nodes, spleen, and in the more diffuse lymphoid 
and conneetiv e tissues of the bodv Hence, hemopoiesis m its broadest sense in- 
volves bone marrow, spleen, Ivmph nodes, connective tissues and the vasenlar 
and lymphatic sv stenrs 

Several circumstances have coutiibuted to the confusion which has existed 
and which still continues to prevail, among hematologists relative to the oiigins 
and relationships of the cells of the blood It is agreed that aU take their fii^ 
beginning fiom the inesenchv-mal cells of the mesodermal laver m the embryo 
But thereafter the theories and hypotheses diverge more or less radically thonnh 
I would venture to assert that the differences arise more m the interpretation 
than in opposing objective obseiw ations, where experiments have paralleled in 
materials and methods In the usual hvporplastic red marrow where blood 
cells an developing it is difficult to distinguish the tissue landmarks, which 
separate and segregate tlie units comprising different cell strains This difficultv 

l-rom till DiPTrtm.nt of Mtaicnl ^na Sunricvl P<>««arch thf- Ohio State Crner^itv 

SST 
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lias been obMated bi certain ini ostig’atoi s tJiioiifrb a stud^ of less complex 
aieas, eitliei cxpeiimentalh piodnccd'* ” oi natiualh occnrun", as in the zone 
bet^\een led and xello^^ niaiiov, ■when beinopoiesis is extendin':' Under these 
conditions eii tliio»:eiiesis iiiaj be obsened to occiii in foci sepaiate and distinct 
flora ra%elop:enic centers and it is tiom anahses of sncli material that ne have 
learned most about the lelatne location distribution and independent oiigin 
of endhioectes and {rianiiioc^des One of the pimcipal difficulties to an uiiaii- 
imons api cement upon those inteicellnlai lelationships lesides in the fact that 
all of the cells of the blood contimie to aiise thioughout life as primitive, im 
mature elements incapable of pcifoiminpr tlicii specific functions until after the 
completion of a definite matniation cede Jlost of the ciitena chaiaetenstic of 
the definitne cells and 11111011 foim the basis foi moiphologic differentiation 
and classification, are claboiated dining tins matniation penod Hence, the 
eailier ineciiisois of each stiain of cells lack in direct piopoition to their im 
matiniti, clcai cut distinguislnng featines upon iiliich hematologic 1111 estigators 
can agree Furthennoie the ciidencc obtained fiom tissue culture has tended 
to emphasize the inipoidanee of eninonment, and of paitieulai food mateiials 
in modifving the 11101 phologie cliaiacteiistics of cells Tins evidence has 
bioadened the basis foi the concept of citologic dediffeientiation, and cone 
spondinglv diminished the piobabiliti of limited 01 biglilv specific potentialities, 
moie partieiilaih as applied to the hTiiphocvte '' It is not stiange, theiefore, 
that many students of tlie siibiect (Maximov Dovnei, Weidenieich, Dan- 
chakoff, Fcriata) haic concluded that one piiniitne, innlti- 01 toto-potential 
It mphocj'tc 01 1 } mpliocj'te-liKe stem cell, the h inphoidocide of Pappenheim, 
piovides the sole ancestial backgionnd foi all of the definitive blood cells nov 
recognized A consideration of this element must theiefoie, pieeede any con 
sideiation of the othei blood cells 


THE Ll JIPIIOrVTE 


The typical hmphoeite of the eireulnting blood lacks the Iiemoglobin the 
specific granules or the iieutial lecl losettc, vlncli chaiactenze the ei idhroci te, 
the gi anuloei te and the monoei'te lespectneh It thus lacks the more leadib 
recognizable ciiteiia of functional matiuiti Moreoiei, the hmphoc3'te has 
neier been demonstrated to peifoim anv vital function comparable to that of 
the oxjgen-eaiijing piopcrti of led blood cells, 01 the phagoeidic defense 01 
pioteohdic enziine actions of the neutiophilic leucocytes The appearance of 
azur gianules, oi of an occasional neutral led lacuole, m the evloplasm of the 


Ijmphocite has onlj seived to confuse rathci than clarih the issue 

Tlie extensile, and teehmeally peifect, histologic studies of Maximow, ni 
eluding both embiionie and adult tissues, coni meed him of the essential henio 
cjiiogenic function of the “limphoeite ’ 11 Inch exists soldi to be plaied upon 
bj' the various foiees of the bodj, mth the conespoiiding eellulai differentiation 
a direct lesult of the need of the moment 

The Claiks’“ have studied extensiveh the ei'tologic responses of blood an 
connective tissues in the neb of the fiog and nioie recently in the mammal 1 
means of the ingeniously placed Sanclison “nmdon ”” in the eai of the la 1 
While identifjung monocite and tissue niacropliage as different phases 0 le 
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same cell U'pe thcv lla^o foimcl no c\iclciicc of the tiansfoiination 0+ the blood 
lmphQc\'te into othei defiuitne foiins 

The Leinses‘= liai c studied the chaiifres oceurnnir in hanfriu" drop prepara- 
tions of blood fiom niani species Thcv ha^e followed the deielopnient of 
lacuoles in nionocides to the point wheie it was impossible to distinpcuish am 
morphologic difference between these changed cells and the natnrallv occurring 
highly phagocytic macrophages oi classmatocj tes of the in mo tissues Xo 
such obvious tiansfoimatimi of Ivmphocvtes was encountered ’ howeier 

Parker and Rhoads'- studied the cells lemosed from the eiieulation m cases 
of lymphoid leiieeTnia aftei inenbation foi raiious periods of time They ob- 
sened that the UTnphocytes “often showed some increase in the number and 
size of their neutral red giaiiules which in ariangement freiiuentlv suggested 
a rosette Such a losette howeier could not be confused m am wav wuth that 
of a monocyte owing to the shape and color of the granules 

Carrel and Ebeling'* found that the hinphocytes disappeared in their cul- 
tures of hen’s blood and that onh the “mononuclears were transformed into 
macrophages and fibroblast -like cells 

Cunniiigliam &abin and Doan' conclude from their experimental studies 
that a primitne stem cell for the white blood cells mai be recognized in bone 
mariow lymph nodes spleen and the connectne tissues Fixed cells in the 
reticulum of these oigans gne rise bi mitosis to a free pninitive cell the size 
of the small lymphocyte During times of increased demand foi myeloid oi 
bmphoid elements these small romid cells mar be found in increased number m 
association ivith the more mature cells of the respectne strains These studies 
differentiate this piunitiie stem cell tiom the hmiphocvte, which latter was 
neier obseiied hi these im estimators to deielop into other definitiie forms 

Jordan and his associates liaie studied hemopoiesis in the frog extensiveh 
01 er a period of sears'*' and thev conc'nde that the differentiation of lympho- 
cites originating from reticulum cells provides the source for the various types 
of definitne hlood cells in this species Tischtschenko'" in a recent imestigation 
of hemopoiesis published from His laboratoiv in Berlin concludes that the 
mieloid and hmplioid elements of the fioar s blood “must belong iinconditionally 
to two different liemnci'togenic sistenns ’ Bloora'^ cultured the Ivmph tiom the 
thoracic duct of the rabbit and found changes occiiinns which he interpreted 
os a metamorphosis of both large and small h-mphocvtcs into typical inflam- 
maton mononuclears, the so-called poh blasts of ^Maximow 'seeman"' working 
'll Aschoff s Institute of Pathologi at the Unnersitv of Freiburg has found in 
stiuhing the blood of the white lat that tlie “real hinpbocyte from hmpliatic 
tissue IS not c.ipable of traiisfoi niation into monoci-tes and histiocvtcs ancl 
states fnrtlieimore that “tlic evtieme monoplnlenc school of Haxiniow places 
Under the categors of hmiphoci-tes entirely different forms of cells which are 
onh separitcd hi supiaiital staining or biologic experiment 

-fpphine: these two methods suegestecl bv Seeman Bbseman^*’ has recenth 


iiddnted some \ 


on pertinent facts bearing on this cinestion of the identity of the 


1 , ‘ — r- Vi Hit- luemitv or tlic 

p loeiie Tins iincstigator first inaKml all of the criteria which haie been 

f maturation m cntluoci-te ancl grannloci-te Quite 

rnm the ihhnratioii of specific materials in these better understood 
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shams of cells, ihacli will be desciibed latei eeitaiii ofbei significant elianges 
occm The dense basophilia of Ibe crtoplasni vommon to all very 3'oung blood 
cells giadnallv disappears as hemoglobin oi specific granules increase The 
niitochondiia, as leiealed bj’ snpraiital staining nith Janus gieen, rapidly de- 
ciease in nunibei nith the appioach of full matuiitj’ though in the earlier stages 
of development they aie piesent in laige nuinbei The elaboiafioii of cJiromatm 
luateiial in the nucleus bungs about a veiy definite change in the density of this 
stractiue fioin a young lesieulai to a matme p^knotic state With these 
ciitena in mind, a supeificial suiwej’’ of the ]yniphoeji;es of the blood levealed 
difteiences in nucleai stiuctuie, basophilia and mitoehondna stiilungly smnlai 
to those noted in the othei blood cells and which could quite leadilj be submit- 
ted to stud5 and ciitieal anahsis Wiseman analyzed these differences fii’st in 
the noimal adult, then in the newboin, and finallj luidci conditions of expen- 
mentallj’' induced, Ijunphoid, Inqio- and lirTieiplasia in labbits lie has classi- 
fied the l3Tnphoc3’tes into thiee gioups, aceoiding to the ciiteiia cited In the 
noimal adult human being and the rabbit a lelativeh stable equibbnum in the 
pioportion of 5 3muug, to 49 matuie, to 46 old lymphocytes is maintained As 
would be expected, if the ciiteiia chosen leally leflect the lelative age of these 
cells, theie was a maiked “shift to the left” fioin this noimal Y-M -0 foimula 
in the newborn and nndei conditions of l3'-mph node In-peiplasia That is to 
sa 3 ', Wiseman has recognized tluough these studies a matuiation cycle foi the 
l3Tnphoevte of the circulating blood, based upon changing ciiteiia identical 
with those winch aeeoinpany the essential tiansfoiniation ot inegaloblast to 
erythioc3'te and of nneloblast to neutiophilic leueoc3de, with a shifting of the 
Y-M -0 index depending upon the state of actint3 of the l3Tnphoid tissues He 
has thereb3' established the IjnTiphoe} tc, it would seem, — this enigma of the 
hemopoietic S3Tstem — ^upon an equal and independent basis of existence with 
the other blood cells A i eiw distinetii c t3iie of inotilit3' for the inatuie l3Tnpho- 
cyte is ieadil3’^ seen in living piepaiations of blood"’ "" w'hicli coutiibutes fnrthei 
circumstantial evidence, peihaps, towaid its independent identit3 

It should now begin to be appaient wdiy tlie mteipietations of equall}' com- 
petent and careful mvestigatois Jiave differed so widely up to and including the 
liiesent time Supeificially, and even with the most meticulous caie in aual3'’zing 
fine cytologic diffei entiation on a moiiibologic basis alone, piiinitne basophilic 
cells destined to elaborate hemoglobin, or gianules, oi vacuoles paitake of the 
undifferentiation, which marlts to a large degree the entire life c3mle of the 
blood l3mpboevte Only the most disci immatmg obseiwation, and the subnnt- 
ting of these cells to such biologic expenmentatioii and stimulation as involve an 
accentuation of then number and activity, can be expected to continue to 
further oni knowledge and nndeistandmg of this stiaiu of cells Om piesent 
information, then, justifies both the position taken b3’ those who have contende 
that “lymphoc3de-hke’’ cells mas' dilferentiate into othei specific definitive ce 
tsTpes, and those who have seen no evidence of transfoimation m a large propor- 
tion of the small “mononucleai ” round cells, which exist in blood and tissues 
Neither hypothesis may bo coiisideied as mutualls^ excluding the other 

Those who have used the snpiavutal and fixed technics extensively toget er, 
each foi its lespeetive unique eontiibution to the pioblem, feel that the eai y 
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precursors o? the lnphoc^ te e^ ele the l\'mphoblasts mav he clistmjruished 
from the “piimitne stem cell of the white cells and also fiom mvcloblast 
and monoblast The hnnphoblast has a relatn elv deepei basophilia, larger rod- 
shaped nutochondna and fewer nucleoli (one to two) than do the leucoblasts of 
the othei two strains of white cells These difteiences mav best be studied as 
exemplified in the “blast” cells of the acute leucemias mveliod, Innphoid and 
monocvtic wheie the presenee of moie matin e stages in the lespectiie cell tvpes 
clearli identifies those wntli less ehai act eristic criteiia In this pioblem we hare 
an excellent example of the contribution which the experimental studv of 
phisiologic function and of changing lathei than static biologic fonn, mav 
make to the science of pure morphologi so frequentlv unappieciatiie of the aid 
which mai be rendered bv these handmaidens 

The implications of the fundamental studies of ^ iseman winch are now 
being apphed to the studv of the diseases imolmng the Ivmph nodes and lym- 
phatic tissues give pi oniise ot a i erv i eal advance soon in our undei’standing of 
the different pathologic mechanisms underlying the dj sfnnctions effecting the 
Irmphocvtes 

THE GRAXX'IOCTTE 


As has been stated alieadv the principal difterence of interpretation with 
reference to the details of the mechanism of hemocj-togenesis abides m the dis- 
cussion as to 3ust wheie if at all specifiicitv and irreiersible dedilferentiation 
finalh begins Before am specific gianules ha%e been elaborated there may be 
found in the hier and spleen of the embrvo and in the bone marrow at later 
‘'tagcs extiaiascnlai round cells, wuth a moderately basophibc cidoplasm many 
fine spherical mitoehoudna and a vesicular nucleus containing from two to 
file niicleoh these cells usuaUv in close association with other exti avascular 
Rints containing a few scatteied granules Partlv because of then extravascular 


position in part because of then moi-phologic cbai act eristics as outlined and in 
part thiough their association ivith definite mvelocvtes these units mav be 
identified as mveloblasts Though Xaegeli, to whom we owe tlie original con- 
cept of the mveloblast does not limit the teim to nongianulai cells, it would 
seem best to leseiwe this designation foi the agraniilai precursor of the myelo- 
crte An imolved and higldv teclinical nomenclature together wnth difteiing 
definitions foi identical teinis emp loved bv the sexeral schools of hematologic in- 


lestigafors hare combined to surround this subject with an unnecessarv misterv 
and complexiti Certain phenomena occur simuitaneouslv and usuallv recip- 
locallv during the period of matuiation of the granulocvte and to comprehend 
le underhung facts in this metamorphosis is far more important than to be 
able to understand all of the terms which bare been applied to the manv minor 
Riorphologic lanations which mac be found among the mveloid cells whereier 
thei aie obsened to be dm eloping 

The priinitne “ hunplioerte-hke precm-soi of the mveloblast mm be 
recognized most readilv in lelatnelv In-poplastic areas where mvelopoiesis is 
aetnch extending Under such circumstances mitoses mav be obsened occur- 

rnm 111 the fixed colls of the inteiwascular spaces of the marrow reticulum sitn 

•-.1 

oclmndnal and basophilic content of the free cells thus tomied increase to 
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a ma\iimim mst piioi to the appcaiaiice of the fust few specific giamiles 
Piom tins point on thcie is a rapid incicasc ni tlie niinibci of specific giainiles 
■\nth a giadnal disappeaiance of the initochoiuliid and basophilic substance 
The onlj necessitj foi distinguishing \aiioiis stages in this matin ation peiiod 
and chiistcning them with names is to facilitate an appiaisal of the acuteness 
of the pioeess in a given case of iniclogcnons leuceinia oi seieic infection, and 
to goAcin theiapA Poi those pin poses the most acemate and dependable single 
ciiteiion of maturity is the luimbei of giannles picsent in the eitoplasm ot a 
given cell The ehemistn of the gianules basophilia nucleai ciitcna etc aie 
much moie vaiiablc with lespect to tlie ultimate eiiteiion of inatuiitv, which is 
actiic motihfi of the cell Except undei conditions of extieine toxiciti, when 
an occasional motile neutiophilc maA be seen in the peiipheial ciiculation with 
an incomplete complement ot giannles a CAdoplasm filled with gianules plus 
motility aie the essentialh constant findings significant of functional matuiitA 
in this stiam of cells 

But to proAide means of statistiealh expiessnig the seieriti of the bone 
manow insult oi leuceinoid Injieiplasia in the patient it has been suggested 
that the phase of gianule elaboiation, the iineiocAte peiiod soialled be aibi 
tiaiilj dnided into thiee stages those cells containing ten oi less specific 
gianules bi actual count mat be designated -MielocAtes 1, when appioxiinateh 
one half the citoplasm is filled with specific gianules mitoehondiia and baso 
philic material being still plentiful tins adolescence of the cell mat be desig 
nated as JIjclocAte B, pist bcfoie the nucleus elongates prcpaiatoii to the 
foimation of two lobes and befoie am cMclence of motiliti is ajipaieiit, but set 
AMtli the cytoplasm filled with gianules, we baic what inaj be termed the most 
inatuie of the im eloevtes ili cIoca te C 

As soon as the gianulocAte becomes motile then except tor the occasional 
Aestige of those cAtoplasmie ciiteiia impoitant dining the niAclocAtic matuia 
tion, no fuithei changes aic noted except in the nuclei, until the final “non- 
motile” stage of Sabin lepieseiitatne of the pliASiologic death of the cell 
Aineth,-- and latei Schilling-'’ and still latei maiiA otlieis, haAe pioACcl eon- 
ehisivelA' that the numbei of lobes m the nucleus ot the nentioplnle is the cii- 
teiion oi age ioi the matin e leucocAte Eaih and mild reactions afteetmg the 
mjeloicl function of the bone maiiOAA inaj be detected bA aiv increase in the pei- 
centage of those neutrophilic leiicocA'tes haAing onh two lobes oi no lobing of 
the nucleus A still furthei “shift to the left ” aid its degice, inaA be ascei- 
tained bA' partitioning the mjelocA-tes accoiding to the cAtoplasmic ciiteiia 
aboAC mentioned the stuch of the Aihole CAcle thus pioAiding data ipioii which 
to estimate quite accuiatelA the state ot niAeloicl aetiAitA in the hone niaiiow 

The Aarious degiees of leucopenia aaIiicIi aie noA\ being lecognized elm 
icalljq including tlie malignant neutropenia ot Sclmltr"' may be diAided accoul 
ing to Avlietliei an actual cleficiencA of niAeloid cells exists in the hone maiiow 
or Avhetlier other factois have combined to piodnce teinpoiaiih a loweied count 
m the blood stream, with the potential source of supph still intact ® The 
latioiiale ot nucleotide tlieiapA-® ” m nentiopenie conditions must depend 
upon a verA careful diffeiential diagnosis ot the nncleilAing inechaiusm lespon 
sible foi the finding 
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The matiiiation c\clc's of eo=;niop]nle and ba'-ophil*’ in no particular 

fvomthat described for the ncutioplnlc tlio caihcst "lannk's in tlicse cells slioii- 
ing the special iiioipholo^ic and staininir diaractciistics so mcII knoiin in the 
respectu o defimtu e cells 

Xo loiigei IS it sufficient to Uiiow oiiK the total iiliite cell count and the lela- 
tive proportion of gi aiiuloec tes limphoertes and inonoLites piesent it the 
niaMnniin of infoiiiiation is to be secnicd in the clinical appraisal of the patient 
VTe liaie alicadv indicated the me leased \alue mIiicIi niai attend the additional 
(iiiahtatne studr of the gianiilocvtes and iMiiphocvtcs ind it can be said that 
this geiieial principle is in no mse excepted when it comes to the stndc of the 
iiionocrte 

THE MOXOClTr 

Until leii recentli the nonmanulai cells of the nlood iieie all classified to- 
gethei as h'mpliQc\tes the transitional or large mononuclear of Ehrlich, or, as it 
IS non more fiequerrth designated the monoerte leceiimg little attention from 
pliisicians TVlien stained nith ant of the Romanon ski dye combination's, the 
inonocrte of human blood iisiialh shoiis a mniad of tini azuiophilic granules 
studded m a background of mottled blue ectoplasm Because of this finding it 
"as thought originallv to represent a transitional stage between h-mphoci'te and 
gianulocrte Latei when !Miehaelrs and "Wolfe®* demons rated so-called azur 
granules m ceitain of the Irmpliocctes the monoerte was more closely linked in 
the mmds of man\ with the hmphoccte Schilling®- was the fiist to cjuite defi- 
niteh and finally classify it as a separate entlt^ within the group of white blood 
cells The studies of the past decade hare now made it rery eliai that manj of 
our most important interpietations in climeal medicine aie dependent upon the 
accurate identification of monoerte and lympliocrte in the differential count 
An appieciation of the morphologic eliai act eristics physiologic function 
and pathologic potentialities of the monoerte has followed close upon the de- 
'cJopment of the supiarital staining tc clinic and the modem experimental 
and chnicdl stnclr of tuberculosis-’* Sahin Doan and Cniiningham®'* descnbecl 
a i-ather chaiacteiistic losette of nential red racnoles suiioiinded by mito- 
cliondiia which aie not apparent in the oidinar' fixed piepaiations The ar- 
rangement and beharnoi of these racnoUs togethei with a rcr\ distinct surface- 
film tipe of niotihtr ui In mg piepaiations bare serred to differentiate shar-ph 
the monocite fioni the Ivmphoeyte 

Tliat the monoerte is chiseh related to the “pnniitne cell ’ of the con- 
ncctue tissues snuilai m all morphologic and otlui chaiacteiistics to the pnmi- 
ti'c cells of tlic lymph node and bone manow has been elearh demonstrated 
hian and Sabm* noted the appeal ance ot large numbers of monoblasts deroitl 
‘*f 1 iciiolcs in the bone mauow of rabbits expenmeirta'h infected with bonne 
tiiheriulosis Thc-e cells soon dec eloped the trpical losette of neutral red stain- 
ing lacuoles ind were then rapulh tiansformecl into tipical mono- and multi- 
nndeated epithelioicl cells an inged in tubercles The same s'quence of eronts 
i-is leen obsened in the citologic pioliferation occurring m the \arious onmns 
iiu tissues of the bode dining the dnclopment of a generalized tubercidons 
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Foilcnei^® lias studied paiticulaily the normal foimation of monocstes nitli- 
in the peripheial nodes of noimal rabbits, and has described and elfectneh il 
lustiated, laigc, Aoung monoblasts, plcnlonoc^ tes or early monocAdes shoAVing 
the beginning dcAelopmcnt of Aacuoles and the matin e nionoc'vde AAith its fullv 
deA’'eloped losette all Avitlnn one focus, quite as A\e find mAeloid foci Aiith cells m 
A'anous stages of inatuiitA in the bone maiioAi 

Hj’pei’plasia of iiionoeAdie tissue is thus quite as possible and fiequent an 
oecimence as mjeloid or eiAdhroid hyperplasia, and, Ailien it occurs, is lefiected 
quite as quicKh^ and diiecth', qualitatiA'ch as Aiell as quantitatiAeh, m the 
peiipheial ciiculation The monorj-te-lymphocide ratio is of distinct piognostic 
significance in tubeieulosis, the quahtA’' of the indnidual cells in each of the 
categoiies being equallj impoitant Wliile tubeiculo lipoids liaAe a very strong 
iriitative oi stimulatne effect upon the monocites A'erj manv other substances 
also call foith this i espouse in a gieatei or lessei degiee, and manA^ tAqies of 
geneial tissue icaetions inioh'e the monocAdes 

THE TISSUE JIACROPHVGE OB CLASMATOCA.TE 

In the first section of this discussion, it nas made appaient that no una 
niimty of opinion exists at the present time relatn^e to the monocyte-clasmato 
cjde question Host of the eAudence fiom tissue cultuie tends to support the 
contention that tliCA lepresent tno phases in the life histoij of the same cell 
type "Willie lecognizing the occasional highly phagocrtie monocAde as ap- 
proaching A erj’ closely, and possibly, rarelj , entnely simulating, the tissue macio 
phage in histologic appearance, nei ertheless, the great maioiitA^ of the phago 
C3die cells maA be Aeij' leadih sepaiated into tiio gioups in the supiaAital 
studies after Aaiious e\peiiniental procedures Diffeient pathologic piocesses 
strikinglj' call foith one or the othei in latliei characteiistic piedommance, 
though both aie, of coui'se, fiequeiiters of aU the oigans and tissues 

The laige phagocjtic cells filled nith disintegrating eijdhiocides in spleen, 
IjTnph nodes, and bone man on, and the Kiipfier cells of the Inei sinuses ap 
pear to be eloseh^ i elated to endothelium In the sinuses of Ijunph nodes, which 
are draining an area of liemorihage or necrotic debris, the endothelial cells en- 
gulf in situ the foieign mateiial to such an extent that in raanA places the sinus 
endothelium aaiU have been eutiielj^ denuded and the fiee, lounded up, highly 
phagocytic endothelial cells nill he fiee in the tissues indistinguishable fioni 
those 111 mairow and spleen noimaUj'^ AVliethei theie is also an extravasculai 
oiigin foi cells ivitli this acia' highlj’’ specialized scaienger aetiAutA’^ remains 
pioblematical and unsettled up to the piesent time Pei haps, A\e niaA assume a 
thiee-fold souice of these tissue macrophages on the basis of the eAudence aiail- 
able, from endothelium, fiom raonocAdes, and from preexisting clasmatocytes 
Only larelj do these cells find their aiba* into the peripheial capillaiv cii- 
culation^ ® piobablA because of then laige size and luelasticitA', Aihen liighlj 
phagocytic 

THE BLOOD PLATELETS 

Both diiect and infeiential cAuclence has continued to accumulate dm mg 
the past quarter of a centiiiy, attiibutmg to the magakaiAOCAte of the bone 
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man OB the ongin of the blood platelets The lmsatlsfaeto^^ state of tlie tecb- 
nieal piocecliues fox estiniatmg the total mimbei of these bodies is rcAealed in 
the mxdtitude of methods, Bhieh flood the liteiature and the Bide lange in the 
figures usuallr repoited It, thus becomes important to analvze these essential 
blood elements qiialitatii elv to supplement and strengthen the weakness in- 
herent m the attempt to deteimine then quantlt^ 

Apparentlv these smallest of the formed elements of the blood behaie very 
much like the larger blood cells alieadi discussed Vhen the platelets are 
markedlv reduced in number under pathologic conditions, there is -vanation in 
sue mth a relative increase iii the smaller forms In addition there is a varrrng 
degree of basophilic staining of the cvtoplasm mth irregular distribution of the 
tinr granules IVhen the count is high or when the platelets are rapidlv in- 
creasing in number thev tend to be laigei and less gianular In the period of 
rapid mcrease which reflects a rapid multiplication of magakaivocvtes in the 
marrow, basophilia is common Basophilia of the platelet cvtoplasm indicates 
immatuntv as it does in all of the blood cells 


THE EP\ THROC1 TE 


The ewthioc-s-te is the first of the blood cells to appear in embrj omc de- 
lelopmeut Following the extensive studies of fixed embrvonic material by 
Maximow’' and Danehakoft Sabin'*® studied the Ining chick blastoderm of the 
second day of incubation obsemng the differentiation of the first angioblasts 
from the prmutne mesoderm These angioblastie nests were then seen bv her 
to gne use to the first blood plasma through liquefaction of some of the central 
tells Those on the penpherv elongated to form the first vascular endothelium, 
and the remaimng cells comprised the original blood islands of ervthroblasts ap- 
pearing m the area pellncida Subseqnentlv, Sabin observed the endotbelium 
giving nse to free hemoglobin scnitbesizing units 

Ervthrogenesis ordmanly occurs in the adult in relativelv biTierplastic 
areas of the marrow It has been necessaii, therefore, to anahue relatiiely 
hvpoplastic states, where mveloid and eiwthroid foci were widelv separated, 
and not too nnmeions This has now been accomplished in both the experi- 
mental ammal ■** and m studies of selected human materiar secured at biopsv 
or postmortem 


In the first place it was found that there exists in marrow an extensi%e 
oapillarv svstem ® ■*' most of which usuallv is collapsed and nonfunctioning as 
a patent lascidar bed but which potentiallv is capable of marked hemopoietic 
In-pertrophv and h-vperplasia of the endothebal cells lining 
these “mtersmusoidal capillaries ’ piecedes the appearance of the first cells mth 
icmoglobm The megaloblasts while partaking of the relatn e lack of differential 
criteria noted in alHoiing blood cells in fixed preparations stiU are characterized 
' a faint blush of hemoglobin when obsemed in the Imng state and possess 
n rather distmctuc ^eslculal nucleus with one large nucleolus lerv oceasionalh 
t"o In aieas of rapidlv extending ervthrogenesis endothelial mitoses are 
miniomis and the first megaloblasts are to be found mthm the capiUarv net- 
''ork dose<l to the nctne circulation Small isolated islands of enUhroblasts 
■'"Oloi. from ,1,0.0 f,,., ,„o».,lobl-,s,. a„<l o„ soml s.Can onn bo 
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stiatecl ■\ntlini rndothelial lined channels mIiicIi roinnnnncate intli the 
smnsoids diiecth Bi the <riadnal elahoiation of liemo<rlobin at the expense ot 
a decieasnifr basophilia and initoehondiial eontciit the sta^c of the noiinoblast 
IS reached The main leseiie ot the led cells in niaiioM is held under iioimal 
conditions at this noinioblastie lecel " Extnision of the piUiiotie nucleus pie 
cedes deliveic of the inatuie eirthiocite thiougrh the conical openiii" of the 
eivthrogenic capillan into the aetne ciiculation Beticulatinn oi some othei 
manifestation of lemaining ec toplasiiiie basophilia, such as poh chiomatophilia 
IS the onh evidence of couth uliich can he lecoirnized in the matin c maiiiiiialiaii 
eij’thioccde The peicentage of letienlocc tes pei cubic millimetci of blood is a 
measure of the late ot deliccic of these units to the ciiculation 

Once again lecurs the difFeieiice in inteipietation of eMclence uliich has 
maihed all of the discussions centenng about the oiigin and iiiatuiation of the 
cells of the blood Docs the eivthioecte take its oinrin fioiii a iiiultipotential 
“h mphocc te” uiidei the stimulus of a facoiable einiioinncnt, oi, gneii the 
piopitious eneunistanecs must (luic also be a difPeient stem cell uith a moie 
specific capacitc toi snithcsi/ing hcinoirlobin ’ The lelatioiiship vhich seems 
to exist between endothelnini and ercthiogenesis in eaih embi conic life is the 
logical point of appioach to this pioblein in the adult The eMcleiice of eiido 
theiial actnitc, ulueh ahcacs accompaiiies eicthiopoiesis in the bone iiiaiiou 
ot the adult mammal paxticulaih 1x11011 taken 111 coniiinctioii xxitli Ihe data 
aiailable fiom embiiologic studies xxoiild seem to haic inoie significance than 
that of a iiieie foituitoiis circuniS(ance JJoxxexei it is the opinion of mam 
students of this piobleiii that a fiei hemoblast “Imiphocvtc ’ located extia- 
laseulailj in the marioix paieuehmia is the piecuisoi of the noinioblastie nests 
ot cells, ixliich IX hen iiiatiiie cithci pass thiough fenestrations 111 the lasciilai 
endotheliuni, 01 if, as most iniestigatoi 5 > now beliexe the vessels ot the maiioxv 
form a closed ciiculation, ei ode tempoi anil bi ‘ giow-fli pie=suie”^^ ^ an open- 
ing sutficient to peiniit entiance of the ei vtliiocx-tes into tlie blood stieain 

The peiplexiiig questions conceining the place niiel inode of oiigni anel the 
mechanism of elelnen of the defiiiitne eix'thiocx'tes haie no diiect beaiing at 
the pieseiit time upon the piactical ilinical implications The sequence of 
eients in the niatuiation eicle is quite cleai anel this knowleelge pi 01 ides the 
cliiucal pathologist with a bass toi his anal j sis of the laiious sxndiomes ui 
lolviiig the leel blooel cells, a stiidi which must alwaxs pieceele the institution of 
lational tlieiapv in the indinelual case The InqiopHstic anel aplastic anemias 
aie the lesult of eleficient megaloblastic clitfei entiatioii In pcinieious anemia 
the mariow is hi pci plastic but the megaloblasts foi the most put lack the powei 
to matuie, to elaboiate hemoglobin All ot the mam tipcs of socondan anemia 
nil oil e a deficieuci 111 the abiliti to utilize 01 in the supplx of non and othei 
elements, essential to hemoglobin foimation 

Greatei adiances liaie been made eliuiiig recent leais m 0111 iineleisiandnig 
anel contiol of the anemias than 111 the diseases iniohing piimaiili the othei 
foimed elements of the blooel The iiici eased inteiest, ivliich is centenng about 
the cells of the blooel, as tliej afteet both diiectli and ineliiectli the geneia 
health of the indiiidual,‘° gives promise of a continuall}- impionng theiapeutie 
lationale in oui attack upon disease 
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THE SIZE AND HEJIOGLOBIN CONTENT OF THE ERYTHROCYTE* 


^Iethods of Determinatiox CiiMCVL Application 


M ‘WiNTROBE, M D , B\I TIMORE, ilo 


^^HE fact that e^eIl toda^ lelatnely few ph^&lelaIls inteiest themselves in de- 
tails conceimng the size and hemoglobin content of red corpuscles in at- 
tempting to di&eientiate the anemias, is surprising when one finds that some of 
the most important physical chai act eristics of the ervthiocvte and their "s anation 
in disease have been known almost since the first davs of the microscopic study 
of blood Welcker, who with Yierordt lecorded the earliest ervthrocvte counts, 
determined the Aobune of the led corpuscle with the aid of plaster models He 
found (ISGi) that the blood eoipuscles in a case of chlorosis were smaller than 
normal Johannes Duncan about the same time (1867) recognized the pos- 
sibihtv of variation in size and hemoglobin content of red corpuscles and Sdrensen 
(1S76), Ehrlich (1880), and Laache (1883), noted the increase in the size of 
the cells in Addison-Biermer (pernicious) anemia Havem (1878) measured the 
diameter of red eoipuscles, calculated their mean lolume from these measure- 
ments, and devised the color index. 

There can be little doubt that these deteiminations with the exception of 
the color index, failed to mouse the enthusiasm ot the general medical pubhe 
as much because of technical dilRculties as on account of general ignorance con- 
cemmg the value of such examinations The earher hematocrits, such as those of 
Hedm (1890) and Daland (1891), could not be depended on for accurate and 
consistent information and even instruments developed more reeentlv such as 
the Yan Allen hematocrit (1925), have by no means satisfied critical workers 
-A-lthough the determination of the aieiage amount of hemoglobin m the red 
corpuscles (color mdex) has been lery commonly carried out, the notorious in- 
aceuraev of hemoglobin estimation, so general even today, has brought this 
constant into consider able disrepute The introduction of accurate methods, 
such as those for the measiuement of ceU diameter utilized by Price- Jones^° 
and others,^-’ = has likewise not been followed b\ the universal enthusiasm 
"hich the intormation denied niav desene because of the time-consuming and 
tedious nature of these studies There is bttle question that general interest in 
the studi of the size and hemoglobin content of the erythrocyte, in spite of proof 
ot the importance of these obseiiations, can onlv be aroused bv the presentation 
of simple and accurate methods 


METHODS 

No attempt inll be made in this paper to present completely all the methods 
" iich are aiailablc for the deteimination ot the size and hemoglobin content of 
t 'c red corpuscles In'stead it is propo-^ed to mention onlv briefly those methods 

I'Tom the Medic'll CUnic Johns Hopkins Xjni\ersit\ 
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Mhich are ot histoiieal impoitaiicc or are oi iplatireh little ralue and to describe 
lull's those 'sslrich in the 'wiitei s ossn e\peiience aic most risetnl from the 
standpoint of simplicitA and acerri acA 

Mcdsuicmcii 0 / E) dUu ocifte Dxumcict — Although the diameter of red 
corpuscles as as measured in tlie a or a car 1a daAS oi liematologs, it ss^as not until 
ten A'eais after the Inst ot the painstaking studies ot Price Jones Asas pub 
lished (1910) that considerable interest Avas aroused in these determinations 
Price Jones pioiected the images oi the red corpuscles on a sheet oi paper, and 
alter outlining nr iiencil the cells in a thin portion ot the smear, ineasuied then 
long and short diameters The inagnifieation ot the tell images being knossn, 
it As'as possible to calculate the actual si7C ot each cell The lesults of the 
measuiement ot fiAC liundied cells Ascie plotted in the form oi a cuise Asdncli 
has come to be knossn as the ‘Price Jones curse The method ot Puce Jones 
although quite accurate, is obsiousls too tinie-consunnng foi clinical laboia 
toiA’ ss'oik Vaiious modifications base been lecoinmended, the simplest being 
the lollossung 

A iniei onietei disc of glass niaiked ssitli a scale, the smallest disisioii ot 
sslncli equals appioMinatels one micron is placed in the esepiece of the 
microscope ^inee tube length and lens diifei in saiioris microscopes, it is neees 
sais to calibrate the micrometer disc tor the tube length and lenses emplojed 
This IS seiA easils done ssitli the aid ot a niiciometei slide specialh made for 
this purpose, oi a heinocstometei mas be used instead The micionietei disc 
liaAiiig been placed 111 the erepiece ot the nricioscope, the hemocAdonietei is 
toeused and adiusted in such a Aiar that the cliAisions of the mreiomctei disc 
are superimposed or'ei one ot the smallest dnisions ot the hemocA tonietei Since 
the latter are exacth httj nricions to the side, it is simple enough to deteimine 
hOAV niaiiA oi the niiciomctei diAisions make up fitty micions, and from this 
to calculate the Aiidtli of one diAision 

Piesli blood or fixed and stained smears iiiaA' be emplojed but it is important 
to bear m iiiiiid that a unitoinr technic must be folloAA’ed Fixing and diAing 
ot led corpuscles cause shrinkage 111 then sme Smeais should be A\ell 
stained and thin There is some Aaiiatioii m the Aalues reported lor iiorinal 
mean ei AdhrocA te diametei (Pi ice Jones, 7 2 /x Giosh and Stifel, 7 4 Bell 
et al , 7 7 /x, Wiechmann and SchuinieAei 7 9 /x) The cause ot these diftereiices 
IS not clear but srnce tlrcA nraA be due to slight diftereiices in technic, it is ad 
Aisable to est.iblish the noinial tor one s OA\m Avoiking conditions In exaniinnig 
scACial specimens ot normal blood before cairAing out anA senes ot detemnna 
tioirs nr disease 

The actual nreasrn enrent ot the cells is earned out br bringing the eirdhio 
cAtes in a thin portion ot the piepaiation rriidei the scale ot the niicionietei disc 
The maximum and nrinnnuin diameters of each cell maj be measured and the 
mean ot these taken as the diameter ot the err tin oca te, or oiiIa one diametei ot 
all round cells Avlnelr appear rinclei the scale inaA be lecoided It is obAuous that 
greater accuracy is secured bv measrirnig tAvo diameters of each of a large 
nunrbei of cells Usualh sereial Irriiidied led corpuscles are examined 111 this 
waA' The mean diameter of all the cells is calculated, but it is also important 
to note the degree of scatter (the proportion ot nriciocAtes and maciocrtes) foi, 
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as Pnce-Jones has empliasi/ccl the seattei ma^ be such that the mean cell diam- 
ctei IS normal oi neailv noimal ‘^cattei is best demonstrated bi giaphicalh 
recording the number ot cicthiocdes ot each size encountered (Piice-Jones 
cune) 

Compataiue Yahtc of Mofhods fot Dftc) muuitioyi of Cell — The meas- 

urement ot cell diameter gn^es c]uantit.itnc expression toi what one sees on 
examining a blood smeai This intoimation is \ei\ \aluable but tiom a piactial 
standpoint must be measured in terms ot the time and eftoit lecpiired and the 
possibilih of del Ring similai intoimation b\ simplei methods Various in- 
struments liaie been densed bi means ot which cell diameter mai be measrured 


much more easilv than bi the technic aboie described These methods (diffiac- 
tion methods ot Pijpei Millai eiionietei ot Emmons halometer ot Eie) are 
based on the piinciple that eireulai concentric spectra the cliaiactei and size 
of which depend on the size and shape of the red corpuscles aie produced when 
parallel light ia\s aie passed tliioush a blood smear placed m trout ot a comex 
lens The leiw important disadiantage ot all these methods is that the size ot 
the corpuscles is raeasuied in mass and onh mean diameteis are thereby de- 
termined. ^ anabiliti cannot be accmateh measTiied As Pnce-Jones himself 
admits, ^a^latlons in cell diametei aie relatneh so small and of STich sanetv m 
disease, that mean cell diameters ma\ often not be significantlr altered from 
the nomal Ot thirtv-two deteiminatioiis m 14 cases ot pernicious anemia and 
J cases j)f spiue, I found mean cell diameter greater than the maximum normal in 
on 15 instances and e^en in 6 ot these the \alues weie little greater than the 
noimal « On the other hand, Haden''’ and P" hace shown that it is possible 
0 emonstiate striking differences in mean calues when the acerage \olume 
0 t e led coipiiscles is deternuned, tor, m measuring lolume small lanations 
in size in all dimensions are taken into account and therebc the differences are 
magnified Poi this reason as well as trom, the standpoint ot accuracv the 
measurement ot mean cell diametei In one of the diffi action methods is mferioi 
e detemiiiation ot mean ceil \olume bs the method to be desciibed AYitli 
eeard to the measurement ot indnidual cell diametei as is carried out h\ means 
from criticism can be offered except that which dernes 

Intfe. J f consuming natuie of the piocedure Howeiei the 
111 nn important tiom the standpoint ot general practicabilitc 

the men ' examination ot a blood smeai together wuth 

Iw I'™"’' I- -So-clrt co„s,<I,r»Hv J,!: 

loherl ^ mtmmatioii at the expense ot much less effort than is m- 

hem ito ^^mnietei ol seieral hundred red coipuscles The 
.om, r '"''‘'TV” adcantai kat ni 

Ihocon l«ncor„.„. 

i:™: 
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the volume of the a\eiage eiji:hioejte is calculated The volume of packed red 
cells maj be deteiimned b-\ centiifugiiig a quantity of blood to ivhich a suitable 
anticoagulant has been added Centiifugation is earned out until no furthei 
paclang occuis 

Hematociits aie aiailable ivhich lequue onlj such small quantities of blood 
as may be obtained by fingei punetuie,’ but since gieatei accuracj^ is af- 
foided by the use of largei quantities of blood, venipunctuie is recommended 
TVTien eaie is taken to aioid congestion of the aim fiom tourniquet piessuie, 
no dilfeience is found between lenous and eapillaiy blood It is oui custom to 
piepaie the needle and s^iinge, clean the aim foi venipuncture, and fasten 
the tourniquet just piioi to making the pmietuie "When this loutine has been 
followed, blood counts on capillaiv and venous blood have been found to agiee 
exactly Venous blood so obtained maj be used not onlj foi hematociit detei- 
minations but also foi led cell counts, hemoglobin, leucocyte, platelet, reticulo 
cjTe, and otliei hematologic pioeeduies Theie is the additional advantage 
that eoiuits may be checked without the necessity of tioubling the patient moie 
than once 

Hepaiin is the ideal anticoagulant, since it does not affect the size of the 
led coipuscles but it cannot always be depended upon unless the extiemely 
expensive, puiified material is employed The use of an isotonic anticoagulant, 
such as 14 pel cent sodium oxalate solution, has the obvuous disadvantage that 
the blood is diluted and a source of erior is intioduced not onlj in hematociit 
determinations but also in anj blood counts vv'hich it maj' be necessary to carry 
out Poi these reasons, div potassium oxalate in minimal amoimts, namely, 
10 mg per 5 cc of blood, is piefeiied This quantitv is easilj measuieci by 
running 0 5 c c of 2 per cent potassium oxalate solution from a bin ette into a 
vial 01 small bottle and allovvmig the w'atei to evapoiate In the proportion of 
2 mg per cc of blood, solid potassium oxalate, does not influence red cell, 
leueocjde, platelet, oi othei counts but causes a shiinkage of S 2 per cent in the 
volume of the red corpuscles as eompaied with then volume in hepaiinized 
blood ^ 

For the hematocrit, I have found most useful a glass tube of about 2 5 mm 
unifonn inside bore and flat inside bottom On the sides of this instiument,^° t 
a centimetei -millimeter scale 10 cm in length is etched About 0 7 c c of blood is 
required The hematocrit is easily filled bj-- means of a capillary pipette When 
the leucocyte count is high, it is adv isable to allow the filled hematocrit to stand 
foi an hour oi longer before centrifugation, in order to permit separation of 
the red and white corpuscles Centrifugation at 3,000 revolutions per mmute 
for a half hour is necessarj’’ to seeuie complete packing It is not neeessarv, 
however, to deteimine the speed of the centiifuge for, since the object of 
centrifugation is to secure complete packing, it is simple enough to deteimme 
the time necessary for anj instrument even though its speed is not known 

In order to deal with values which may be readily visualized, it is preferable 
to calculate the mean coipusculat volume in cubic microns This is done by di- 


•The lolume of packed red cells as determined from blood to -nhich his been added 
solid potassium oxalate in tlie proportion of 10 mg per 5 c c of blood should be multipiieu 
bv the factor 1 09 in order to correct for shrinkage -mil 

”” tThe hematocrit may be obtained from Arthur H Thomas Co Philadelphia or Will 
Corporation Rochester, N T 
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coipuseiiHr \oliiiiie ol mil mil blood as detirmimd b\ the litmitoiiit imthod 
here described lureis ibiiost cviith with tin \ dm obt lined b\ I’onder and 
?.nslfiw~ In .111 K eiir.it ( (but libonmisi coloi inn irn imthod 

From .T ditailed stmU ot methods oi mnsiiienient oi red cell Nolunie, 
Pondei and s-aslou"' (onelmlcd that the hmntoint im tliod is in.ntiii itc Flici 
used ns hem.itoeuts c ipillnn tube., 100 mm him: .and tentrifmred thiec sots of 
these tubes at speeds ot 1 dOO 4 000 ami 14 000 r p ui Npmnimr was earned 
out to the att.unim: ot const.ant \ohtme or Koeppe s cnteiion rhe\ tould find 
no consistent airrcement with the lesnlts of aolnme dfttiniin.itioii obtained b\ 
their colorimetric method It secnis likeh howttir that tlic hemntoc iit tcchinc 
emploccd In these iincstiirators is at fault latliei than the liematoci it iiietliod as 
a whole, for the a. dues foi mean coipusculat \olumc obt lined In tlic method 
described In the wTitei not onh atnee ilmost cNactli with those ot Pondei and 
Saslow as dctci mined b\ what thc\ consider a much rooie aci urate method but 
the same results aie consistenth obtained lu Table I will be found tbc results 
ot lour experiments which were cairicd out to determine the piob.ablc eiior of 
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the methods toUowed m oui laboratory In each eNpeiiment the following 
procedure was lepeated fire times on the same sample of '.enous blood (1) two 
red cell counts were carefully made, using two dilutions (the average of the 
two was employed in the calculation) , (2) the hemoglobin was determined bv 
means of a Keweomei hemoglobmometer which had been lestandardized bv the 
Van felvke method, and (3; the n olume of packed red cells was determined, usin<^ 
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a special liematocnt'" and an Intel national Ccntiifnge (Size 1 t^pe SB head 
0 ein ) lotated at 3,000 i p in toi tlmt-s nimntes The small ciioi clcaih 
deinonstiates the i el i ability ot the lesvilts 

Detcniu-iuttion of the Bciiwglobin Content of the E) ijiJn ocyte — If in addi- 
tion to deteiminins the imnihei ot red cells and the ^ohlnlc ot packed eiithio- 
eites in the sample the hemoglobin be del ei mined as ncll it is possible bj 
simple calculation to deinc ^alnable infoimation coneeining the heinoglobm 
content of the led coipuseles This is an impoitant ad\aiitage of the technic 
heie desciibed As in the case of the icd cell counts and liematocnt dcteimina- 
tions aceuiacA is of com sc fundamental AVe cmploj a Ncncomei hemo- 
globiiiometci Mhieh has been lestandaidized In the Van Shke method Hemo- 
globin is detei mined in giams pei 100 e e of blood 

The mean roi pn‘tcnhi) hemoglobin or a^elage amount hi neight of hemo 
gilobm in the led cells is dotei mined bj dniding the amount of hemoglobin, e\- 
piessed in giams pei 1 000 t c of blood In the numbei ot led cells, c\piesscd in 
millions pel cubic niillmietei The lesult gnes the aveiage ueight of hemo 
globni 111 the cells in micioniiciogiams ® 

The mean coipusculai hemoglobin loncenliaiion oi aveiage concentiatioii oi 
satuiation of the led coipuseles uith hemoglobin is dctci mined bi dniding the 
amount of hemoglobin e\piessed in ffi.ims pei 100 e c of blood bj the volume ot 
packed led cells expiessed in cubic centimetcis pei 100 c c of blood and inulti- 
phing the lesult b^ 100 Jlean coipusculai hemoglobin concentration is e\- 
piessecl in pei cent It mil be noted that its calculation is similai to the cal- 
culation of the stiength ol am solution Although the implied piesumption 
that hemosrlobiu is contained in the icd cell in the toim of a solution is piobabh 
ineoiiect, the detei minatiou of this lelationship of amount of hemoglobin to si/t 
of cell is neieitheless leii laliiable, as mil he shomi latei 


Table II 

JIetkod of Calci cation of CoRPiscLLVit Const csTS 


MEAN 

CORl’ESCEEAB VOLUME (CV) 

Volume of jncVLcd red colls (111 cc per 
1000 t c blood) 


in cubic inicions (c n) 

E B C (in millions pei e mm ) 

lAfEAN 

COKPU‘=!CULAR HEAIOGLOBIN (CII ) Heinoglobm (in gin per 1000 ec blood) 


in inicroniiei ogi iins £ 77 ) 

E B C (in millions per c inni ) 

MEAN 

COEPUSetILAK HEMOGLOBIN 

Hemoglobin (gin pci 100 e c blood) 

CONCENTRATION (C C ) 

111 per cent (%) 

Volume pTcked BBC (c e per 100 c c 
blood) 


The method of calculation mai be illustiated bi the follomng 
A sample of blond contains 5 0 million red blood cells pei cubic millimetei 
14 5 giam of hemoglobin pei 100 e c of blood and 42 5 e c of packed led cells 
pel 100 c e of blood Then 

^ microniiciogrnm is the millionth millionth pnit o£ n srain or gnni x 10 • niul is 
abbie\ lated 
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42'! 

lllc^n corpusculnr rolunie (C V ) 

1 0 

u> 

menu corpuscnlir hemoglobin (CH ) is — ^ "j 

o 0 

in^ort corpusculor hemoglobin concentrition (CO) is 


14 '1 
42' 


. y ion = 347p 


It ^Mll be CMdent that these calculations are smiilai to those ;; 

ealcnlationof thc^olnTne color anti sat mation mclexcs ^ { 

from the latter onh m that absolute instead of lelatne lalues 

Tins method is piefeiable to the calculation oi the indexes foi the folio \m^ 


1 The number of led cells and colume of packed led cells foi am sample 
of blood are ahvacs deteriniiicd in absolute terms In older to calculate the 
rndexes it is necessarv to comert tliese ralues into terra- of per cent of norma 
Tins IS not reciuired for the calculation of the lonstants beie leeonimended 
Again although hemoglobin is leeorded m pci cent br manv there is a gromug 
number of critical plnsiciaiis who appreciate tliat 't is moie accurate to expre-s 
hemoglobin direetlv m grams for the reason that the use of nidelv diffenng 
standards of normal is tbeiebr aroidcd Hemoglobin ralues expicssed m abso- 
lute terms (grams) rocpiiie no comei’sion into per cent for the calculation of 
the corpuscular constants 

2 In ordei to concert the led cell count hemoglobin and rnlnnie of packed 
led cells to teinis ot pei cent of uoimal, it is necessarr to adopt standards ot 
normal That such standards must necessanlv be arb.tr an and eironeous js 
obvious nhen one considers the Viide fluctuations in nonnal ralues assof ated 
Mith differences in sex age and possible also geographical location ’’ 

3 Whereas the indexes express onh relative rallies the corpuscular con- 
stants aftord absolute information concerning the entbrome and permit the 
Msuahzation of the pliesical state of the red cell 


CLINIC XL XPPIICXTIOX 

\ 01 null lahie't for the size and hemoglobin content ot the eni:brocvte are 
leeoided m Table HI The 1 allies foi cell diamctei must be considered as some- 
nbat approximate for as aheadv mentioned tbeie aie slight differences m the 

TnLE III 


Xopu\L VicrES rop Size cxd Hemoglobix Context of Ep\THPOcrTES 
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diameter of the led cell as lecoided bj ami ions obseiiers No significant dif- 
feienees in the size oi hemoglobin content of the led cells in legaid to sex liaAM 
been noted, but it is now Avell hiiomi that the cells of the newborn aie laigci 
than those of adults Puce Jones"” ”” and otlieis haie obseiied some inciease in 
the diametei of icd coipuscles dm mg the day and as the lesult oi Aiolent exeicise 
However, neithei Dii eiie et al ” noi Pondei and Saslow-® liaAC been able to con- 
firm these lesults, noi haiM Haden*® or I (unpublished data) obseried similai 
changes in the Amlume of the red cell Likewuse, I could find no i elation between 
the size and hemoglobin content of the led coipuscle and the biologic lefeience — 
flame repiesented bj’' bodi -weight, statuie oi surface area of men and women.®” 
In geneial, the eiA tliiocvte inaA’’ be legaided as being icmaikabh constant in its 
physical chaiactei's and an index of an inteinal ennionment icgulated to gieat 
constancy in the normal indnidual This is m stiiking contiast to the AMiiations 
obserA ed in disease 

Although Welcker (1864) obseiA'ed that in ehloiosis the led coipuscles are 
smaller than normal and S0ienseii (1876) pointed ont that in Addison-Bieimer 
anemia thej aie abnormallA' laige, it lemained foi Capps in 1903, to stress the 
fact that significant alteiations in the size of eiAthiocAtes occur in anemia and 
that these changes aie the lesult of Aaiiations m the gioAAth, cleAelopment, and 
destruction of the cells In 1910 Lairabee made similai obseiAations but imtil 
the last few A^ears iiiteiest in this subject has been onlj spasmodic ® 

In association with certain diseases theie aiise difterences in the size and 
hemoglobin content of led coipuscles, the lecogmtion of Avhicli is not oiiIa' of as- 
sistance in diagnosis, but through moie aecuiate diftei entiation gnes impoitant 
infoimation concerning piognosis and theiapy Not ouIa is it possible by the 
special hematologic methods liere desciibed to lecognize pernicious anemia and 
the other maciocytic anemias but there maA leadily be distinguished a tA*pe of 
anemia Avhich has hitheito laiely been ditferentiated fiom the large gioup of 
so called “secondary” anemias 

It IS possible on the basis of diffeiences in the size and hemoglobin content 
of the erj throcjte to distinguish 4 tj^pes of anemia These aie 

1 Macrocj'tic anemias, characteiized bi an inciease in tlie mean AMliime 
and hemoglobin content of the eiAdbiocjdes and i epiesented cliieflA bA pernicious 
anemia and many cases of spi iie 

2 NormocAdic anemias, which aie distinguished bi* the piesenee of red cells 
of noimal size and hemoglobin content This gioup includes cases of anemia re- 
sulting from acute blood loss, ]iemolAd;ic anemias (malaiia), and aplastic anemias 

3 Simple micioejdic anemias, AvhicIi aie cliaiacteiized bj a modeiate re- 
duction in the size of the led cells with no oi little reduction in then hemoglobin 
concentration In this gioup aie found the majoiity of the anemias asso 
mated with chionic infections and toxic processes 

4 Hypochromic miciocytic aneimas In this type of anemia there may be 
bttle or no i eduction in the led cell count NcAertheless the led corpuscles are 
found to be veiy small and aie poorly filled mth hemoglobin 

The determination of the size and hemoglobin content of eiythroeytes is 
chiefly important in that it makes possible the leadv differ entiation of the 
macrocytic and the hypochromic micioeytic anemias fiom the othei tivo tjpes 
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MaciocyUc Aucmm^—Foi mnnx veais pliAsiuans have largelv depended 
on the color index foi the recognition of inaerocjdic anemias It is common 
Ivnowledge that in pernicious anemias the coloi index is greater than 1 It is 
less generallA appreciated that this does not mean that the red cells are hA-per- 
chromic or supersaturated with liemoglobm an ciioneous conception to which 
the use of the color index has led Bj the calculation of the size and liemoglobm 
content of the eiA-tluocAte in absolute terms a clear conception of the state of 
the red corpuscles in this disease maA be gamed These calculations indicate 
that the average red cell in pernicious anemia contains a greater amount of 
hemoglobin than is normal (mean corpuscular hemoglobin is high) but tlus in- 
crease in hemoglobin content is no greater than the increase in size so that the 
concentration of hemoglobin in these cells (mean corpuscular hemoglobin con- 
centration) is normal and maA ca en sometimes be Ioaa er than normal 

The mean corpuscular Aolume is consistentlv found to be higli m pernicious 
aneima in relapse Of 56 cases examined at various stages of relapse and incom- 
plete remission the mean coipuscidar volume was greater than 95 e in 50, and 
greater than 90 c in 54 Of 37 of these eases in which the red cell count was 
less than three milhon, mean corpuscular volume was greater than 100 c m 30, 
between 95 and 100 e fi m 2 and between 90 and 95 c ft in 3 The mean corpuscu- 
lar volume was lower than 90 c ft in 2 cases In one of these transfusion had 
oust been earned out Subsequent determinations in the other case showed sig- 
mficantly high values In no case was the mean corpuccular a olume lower than 
normal The values for mean corpuscular volume ranged as high as 164 c p, 
but usuaUv were found between 100 and 125 e n Although frequentlv the 
volume of the cells was greater in those cases in which the anemia was most 
severe this was hr no means alwavs true The variations in corpuscular volume 
seem to be related to the nature and extent of red cell formation and destruction, 
and espeeiallv to the reticuloevte response (impnbhshed data) 

One of the most important uses of the determination of mean corpuserdar 
volume is in the recognition of cases of pernicious anemia m which the anemia 
IS slight or moderate in degree It is well known that at such a stage there may 
be considerable difficultv in diagnosis espeeiallv in tliose cases m which neuro- 
logic manifestations are present when confusion with other diseases is not un- 
usual TThen the red cell count is greater than three milhon the blood smear 


mav not be of much assistance in diagnosis and measurement of the diameter 
of the red corpuscles mav afford results whicn must be interpreted as normal or 
so nearlv normal that little help in diagnosis is gamed Here the measurement 
of mean eoipuscular volume bv taking into aceoimt changes m all dimensions 
and thcrebv maamfvung manv small diftercntes finds one of its most important 
uses Haden has pointed out that an increase of 1 micron (13 per cent) in the 
diameter of a rod eeU is associated witn an increase of 44 per cent m its volume 
In Table 15 are recoided the first blood examinations in 19 eases which were 
subsoquentlv proved to be peinieious anemia and m which the red cell count 
was greater than three million It is interest, nu to observe that the mamutude 
of the coriniscular volume was con elated with tie proportion of the red eel! 
count to the normal value for the sex of the patient rather than to thp -.n i 
.t ,hc Tl,o .,„c„ ,„e .oil ", ,l?e Cw 
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Tahle IV 


Size and Hemoglobin Contint of Bed Corpuscies in Cases of Permcious Anemia V mr 
Hoderatf or Little Anemia 
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uiillioii ID females and from tliiee to foui and a half million in males, iiiai be 
consideied as i epi cseiitin<r about the same deeiee of anemia >l’]nc cases oecni 
111 this "ronp In 6 the mean eoijinseulai 'lolunie nas 100 l /t oi hifrhei and 
theiefoie stiiLinglv gieatci than noiiiial In 2 cases it Mas 98 c /x and still dis 
tiiictly abo^e iioimal and in oiil-^ 1 case Mas the mean Aolnme at the niipei limit 
of noinial Naliies Ap:ain, even Mhen the anemia mbs nciv slight (led cell count 
01 ei four million in females and oici foiii and a half million in males) the mean 
coipiiseulai volume Mas 94 c ft oi gieatei in 5 of 10 cases It should be boine in 
mind that the i allies leeoided lepiesent oiih the fiist determinations in the 
eases cited, and Mere earned out foi the puipose of cliffei ential diagnosis In 
most instances eoipiiseular volume dcteiminations Mere fiecpieiitlv lepeated and 
all these subsequent obseii atioiis shoMed results consistent Mith the statements 
above made Pig 1 illustiates the eonsisteiitly high eoipusculai lolume in 3 of 
these eases observed oiei a peiioJ of three and a half months 
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It must of couTse be boj ne iii mincl tbat ttie findiuit of a mean corpusculai 
■\ohuTie irreater than normal does not in itself instjfi a diatrnosis of peinieious 
anemia Siieb a findiiijr simpli classes tlie anemia as beiiijr of the macioevtic 
tiTie This foim of anemia is also ebaiacteiistic ot spine ^lacrocvtic anemia 
IS frequentli stated and lareh found to oceiii in association mtli carcinoma 
especialh ot the gastiointestinal tiaet preananci and si-pliilis and is often 
associated imth Dibothnocephalus infestation I haie also eneonnteied sev- 
eral instances ot macioei-tic anemia in association Mitli certain cases of diai- 
rhea of obscure etiologi disease of the Inei aplastic anemia and anemia of 
acute blood loss Such findings honeiei are nnnsnai 

In response to treatment intb Iner and the pernicious anemia liier ev- 
tiacts, moie and more red eoipusclcs of normal sme appeal and cientuallv nlien 


^ C r 



the blood count has leached normal normal or high normal sallies aie en- 
countered foi mean corpnsculai lohime This is true foi sprue as well as foi 
pernicious anemia " 


Alteiations in mean toipuscular bemoirlobin are similar to those desenbecl 
foi mean corpuscular s oUinie Thes ma^ bonpcei be of less maimitude Foi 
this reason cletennination of mean corpuscular hemoglobin mai be of 
cable than the calculation of mean corjniscular coliime Furthermore cohin e 
deteimmations aic less open to error since The accuraci of the hematocrit is 
much 'rrcatci than tint of the maionts of bemoirlnbin methods 

IlmmcJnomu mnon/lu .liiemms — In most tvpes of anemm mean coi- 
pusLvilar hemoglobin eoiicciination rrnnms normal or at least little reduced 
ns IS as ninch tine of the simnle nncrocs-tic foinn associated uit], diiomc 
fOMc and infectious diseases as ot the macrocMu anemias Tlieic is a -ronn 
o anemias hmceccr m cebidi mean corpuscular bcmo-rlobm conrentratum ,s 
Mjniifu mtl\ roducfd This ^roup aK(> chanctPU7ecl h\ rm f 





910 


THE JOLKNAE OF I VBOR VTORY \^D CLTMCAE MEDICINE 


tmguibli tins group fiom the anemias in ninth theie is mici oc^•tosls mthout 
hj'pochromia (simple mieiocjiic anemia)®® 

It is ehaiacteiistic of this gionp to find a Ion mean coipiisculai volnnie 
(70 to 55 c fj.) Jlean corpuscular hemoglobin is, honevci, more than piopoi- 
tionately reduced (20 to Id 77 ) so that the mean coi pustular hemoglobin con- 
centration IS distinctly low (29 to 21 per cent) This is in strilong contrast to the 
findings 111 other t%pes of anemia (Table Y) :Measniement of the diameter of 

Tablf V 


Size and Hemoolobin 

Content op 

Epythrocitps in 

Vabiods Types of 

Anemias 

TYPE 01 ANEillA 

ME^W CORP 
^ OLUME 

C 

MEAV COUP 

IIBC 

77 

MEAN CORP HBG 
CONCENTRATION 
% 

AlEAK CEBI 4 

DIAMETER 

M^erocytle 

95 ICO 

30 52 

31 38 

7596 

Normocj tic 

so 94 

27 32 

33 3S 

67 80 

Simple Microcytic 

72 79 

22 2C 

3138 

65 85 

Hypochromic Microcytic 

50 71 

14-21 

21 20 

5 8 75 


the ei’j’tlirocj tes is of less value foi, although the Price- Jones eiiiie shows a 
broadened base, the mean diameter is usuall}' little reduced and may eien be 
inthm normal limits 

Slier oevtosis vith hjiiochioinia commonlj occurs as the lesnlts of chronic 
blood loss and is characteristic of the achloihydiie anemia described by Faber, 
AVitts,^® Karnelson,®® and othei s Hvpoehromic microei-tic anemia is not alwaj s 
associated vith aehlorhjdiia, hover ei but is common in pereons who have par 
taken of a diet de£ecti\e in hemoglobin building substances oyci a long period 
of time This tj^ie of anemia pi obabh occurs whener ei there is a lack of heino- 
globimferous substances in the diet, nhen these substances are impioperlv ab- 
sorbed or ntibzed, or vhen there is excessire dram on tlie hemoglobin content of 
the bodj' as m chrome blood loss 

It is in this type of anemia that laigc doses of iron aie so spectacularlv ef- 
fective Under such treatment moie and more cells of normal size and hemo- 
globin content appear, the mean corpuseulai volume and mean corpuscular heino 
globm concentration graduallj use, and final! j nonnal ralues aie attained 
Pernicious anemia Irver extract is salueless in these cases and even vhole Inei 
seems to bar e little effect Hei e again, then the deteimimation of the size and 
hemoglobin content of the red corpuscles is ot lalue, foi it not only faeihtates 
diagnosis but affords information vhieli is of great ralue in indicating the ap- 
propiiate type of therapy 

CONCLUSIONS 

1 The differentiation of pernicious and othei forms of macrocytic anemia 
and of anemias characterized bv mieroejdosis and bvpocbiomia from other 
forms of anemia is not onij of aeademre and diagnostic interest but is essential 
in the guidance of appropriate treatment 

2 Such differentiation is best made, from the standpoint of simplicity and 
accuracy, fay the calculation of the volume and hemoglobin content of the red 
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corpuscles These cakulations Avhen comhnied w itli the simple examination of 
the blood smeai Aield moie information at the expense of much less effort than 
IS entailed in the nioasuiement of the diametei of the red corpuscles 
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THE SICKLE CELL PHEXOAIEXOX® 


I The Rate of Sicklixg in ^Ioist Pfepap AXioy, 


L AY Digg« MD Meaiphi®; Tenn 


A TTEXTIOX was fiist cliiectecl to the phenomenon of sicklinir m 1910 when 
Heruek' leported the presence of “peculiar elonfrated and sukle-shaped 
red blood corpuscles’ in both fi\ed and moist preparations from a case of severe 
anemia Emmel- in 1917 observed that there was an increase in the number of 
siekled cells when the blood fiom a case of sickle cell anemia was left standincr in 
sealed coicrshp piepaiations He also demoiistiated the delaved appearance of 
sickled eriThrociTes in the blood of the nonancmic father of the actne case 
Hiick" in 1924 noted that the sickled cells assumed a sphei ical fonn in from three 
dais to SIN weeks Since that time numerous eNpeiimental obsenatiuns haie 
been made on the sickle cell phenomenon most of which liaie been based on the 
behavior of ved cells in whole blood oi in Naiious solutions when sealed undei a 
coieislip V leiiew of the now rather extensile liteiature leieals that mam 
hpriires haic been-ernen foi the percentage of sickled cells appealing in a "iien 
case 111 a gneii time but no sisdematic stucU has been reported as to the rate oi 
sickling 01 er the entire couise ot the process There has been disagreement as to 
the compaiatiie speed of sickling in sickle ee'l anemia cases and in cases showing 
the capaciti for sickling under suitable conditions but without the characteristic 
heinolitic anemia The reliabiliti of moist preparations as a method foi further 
CNpenniental woik has vet to be established 

In this aiticle the obseiiations and discussion will be limited to the rate ot 
sickling in moist preparations to a comparison of the rates in different clinical 
groups and to an anaU~is of some of the sources of error in the method The 
leadei is referred to recent comprehensne renews of the literature hr Giaham 
and JIcCartr ■* Steinberg and Y’ater and Mollaii' for a d’sciis-^ion of othei 
phases of the problem and for a complete bibliogiaph\ 

JXETllOD 

iloist preparations wore made bs taking a drop of blood from a finger piinc- 
tiiie on a new alcohol cleaned Xo 1 corershp inierting on a new alcohol cleaned 
slide and allowing the drop to spread without pressiiie except fox the weight of 
the co\er glass The edges ot the coici-slip wore rimmed with \aseline n^-ing a 
small hiiish The preparations weie oxaniinecl immediateh at two- to fonr-houi 
mtcnals during the fii-st twehe hour'- and at longer inteiials thereafter The 
niimhei of readings are indicated b\ the points on Rie charts The preparations 
were ill kept at room teinpernturo TUos» which showed OAidenecs of dmn" a 
flu edge of the drop were interpreted as liaiing insecure seals and were dis- 
*- Pieparations with a>r bubbles trapped within tlu drop were not used 


Tt nn 


From th. Cnl^,rsit^ of Tonnfsv.e Modi. •,] =clioo! Puliolotfc-n Institute Memphi 
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No attempt Mas made to lecoid the peicentage of sickhng aftei hemolvsis became 
emdent oi m slides in nliicli tlie cells Aieie fiagmented The peicentage of 
sickled cells Mas detei mined foi each leading counting one hundred cells, 
using the high pouei ohiectivc, and noting the numhei of cells in this group 
having definite, pointed pioiections The peisonal equation in the inteipietation 
of vhat constituted a siclde cell ivas the same tluoughout the stud's, foi the lead- 
ings "sveie all made by the ■ssiilei vith the exception of an occasional count done 
undei diieet supei vision "Wlicie sickling is as not unifoiin tluoughout the 
piepaiation, the peicentage uas detei mined on the basis of an aveiage betsseen 
the most sickled pait of the field and the least sickled In older to compensate 
somevliat foi the vaiiations in picpaiations from the same patient made undei 
supposedly identical conditions, most of the leadings ■weie made on thiee oi more 
moist pieparations, and the a-seiage of these cuiies taken as i epiesentative of 
the individual 

In the selection of cases to lepicsent the tjpes designated as sickle cell 



Fig 1 — Micropliotograph of a moist preparation from a case of sickle cell anemia sho^^ - 
ing the characteristic bizarie and pointed forms 


anemia and sicldemia, the folloving criteiia veie used The sickle cell anemia 
patients u eie all negroes hai mg a marked anemia, chaiactenzed bv definite blood 
destiuction manifestations (laundice, luci eased icteiic inde\, urobilinuiia) and 
an associated legeneiative pictuic (inimatuie el’s tluoeytes, inci eased reticulocyte 
counts, leueocvtosis, thrombocytosis, etc ) They all ga've a histoiy of pievious 
attacks of ill health, of joint and abdominal pains, and of leg ulceis At the 
time the studies ■umi e made, tlie-s m ei e patients in the hospital -syith the classical 
anemia and febiile symptoms associated mth the actne phase of the disease 

The sicklemia patients ■\veie taken at landom fiom a senes of cases found to 
have the sickle cell trait nhen a snivel nas done to detect this anomaly (This 
survey non includes the examination of 827 negi oes, m itli an incidence of S 2 
pel cent ) These patients had no histoij, signs, oi blood pictuie suggestive of a 
hemolytic anemia Although complete blood studies veie not done on the cases 
in this gioup, stained smeais and letieulocvte counts i mealed no evidence of ab- 
noimal eiythropoiesis 
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One patient, a boicleilme ease Avho on admission slioned the blood and clin- 
ical pictiiie of sickle cell anemia but nho latei piesented no emclence of an active 
hemolidic piocess does not fit eitliei group, and the ciiiies foi this case are given 
sepal atelv 

0BSERV\TI0NS VKD DlSCtJSSIOX 

The rate of sickbng in 13 eases of sieklemia is given in Fig 2 In two of 
these patients the curie is taken fiom onlv one prepaiation, but in the others, 
three or moie preparations are used in ainving at the composite curve for each 
individual In Fig 3 the rate of sielding in five cases of sickle cell anemia is 
represented In each series the total number of preparations examined was 39 
The average rates of sickling fiom these two groups aie compared in Fig 4 

SICKLING IN MOIST PREPARATIONS FROM SICKLEMIA PATIENTS 



FIs - — The rate of sicKling m moist preparations from 13 cases of sicklemia 


From these obserrations it is eiident that in our senes sickled eiT-throcvtes 
aie often obseincd in moist pieparations from sickle cell anemia patients as soon 
as the piepaiations are made but aie never present immediatelv m sicklemia 
patients Moieoicr the rise m 'sickhng occurs sooner and the total number of 
er\-tliroevtes sickled at am giien period during the first three davs is greater 
Although the letiun to the spheiical foim nas not followed over a lonir'cnon^h 
period to compaic adeqiiateh the speed of the ronnding-np process in the two 
series the tondonev n for the percentage of siekled eelLs in both groups to de- 
crease aftei tnenti-four to tlinti hours mtli a sharper fall in the sickle cell 
nncinia group “ 


These findings are in ngi cement mth those reported bv Hnck ' 
patients vuli sc\cro, mild, and vitli no s^Tuptoms that tlie sieklin 


n ho noted m 
g percentage 
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SICKLING IN MOIST PREPARATIONS FROM SICKLE CELL 
ANEMIA PATIENTS 



10 20 30 40 50 60 70 

HOURS 


Fig 3 — The rite of iicltllng in moiit prcpnntloni fiom 5 ci‘<es of sickle cell inemii 



HOURS 

Pig 4 — A comparison of the erape rates of sickling- in moist preparations in sicklemia 

and in sickle cell anemia cases 



THE SICK! r CFU PHFNOAIENON 


91T 


was almost 100 pei cent 75 pei cent and 25 pei cent lespectnelv Other Acoikei-, 
have noted the same difteienecs ni anemic ind nonanemic cases' The com- 
monh obseived tact that sicklcd cells are often found in smears from s'ckle 
cell anemia patients and aie not present mi ‘■icklcmia patients is also in asiee- 
nient v\ ith these findings 

Othei obseivcis liowevci have failed to coii elate the speed of sickling with 
the clinical state Coolev and Lec^ did not find that sickled cells occui moie 
leaclilv 01 ill gieatei pioportion in the blood of a sickle cell anemic child with a 
mild glade of licmolvtic laiindice than in other children without svmptoms 
Stevvait” stated that theie is no ‘ relation between the seieritv of the clinical 
picture and the peicentage of sickled cells present Hahn'" noted that although 



f'lp — The r-ite of «;lckling m moist preparations from a mild case of *JicHle cell anemia 
made at ^arIOUs times during a period of impro\ement 

suklc oil! anemia patients have McUed cells in their circulating blood “there is 
no difterence m tbe abihtv of the led corpuscles of anemic and nonanemic snb- 
iccts to foim sickle cells outside of the bodv under suitable conditions ’ 

In the interpretation of these scenunjrlv contrarv obseivations certain fac- 
tor^ must be taken into consideration The treriuent finding of 100 per cent 
sitkled cells after a siifiicient interval of time in individual preparations fioni 
suklemn patients as well as fioni cases of sickle coll anemia indicates that the 
c ipaiitv ol the cells to sickle in the two clinieal tvpes nndei -.niiablr conditions 
mn b( the same In the moist preparation however it is not a cjuestion of how 
mnnv cells could sickle under ideil sicklins conditions l,ut what peicentafm ot the 
sills asMim, bi7.,rr. forms under tlic conditions of the moist preparation tkn 
tlu varubihtv of individual preparations and conclusions drawn from a fev 
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obsei rations maA lead to false ideas as to the aieiago leaetion Another, and 
probably a aciv impoitant factoi is that patients A\ith sickle cell anemia a an 
consideiably in then speed of sickling, and that mild eases oi those Avitli a tempo- 
laiA^ anemic episode of a hemoljtic tA'pe ma'' the sickling chaiacteitistics of 
the inactiAm gioiip Conclusions diaAin fioni such a case Aioiild not hold for the 
11101 e chronic cases 

The late of sickling in such a mild case of sickle cell anemia is represented 
m Fig 5 The patient a iiegio girl of thiee A\as admitted Anth an eijthioblastic 
tATie of anemia, AMth numeious nucleated icd blood cells, a high leticulocAde and 
leiicocjte count, and Avith an increased icteric inde\, etc Theie A\eie no tATiieal 
siclded cells in the fixed smeai, and the sickled cells in the moist piepaiations ap- 
peared sIoavIa’ and in Ioaa peicentages The patient impioAed chnically, hei 
hemoglobin and icd blood cell count lapitlb inci eased, the i eticulocjde count 
dropped, and the immature eiA'thiocAtes disappeared fiom the blood picture 
Series of moist piepaiations made during this letuin to the sicklemia tA^pe of 
condition shoAied no significant changes in the sickling late Although theie 
peisisted a 1oa\ giade ot anemia of tlie defeetne formation tApe the patient after 
returning home shoAied no moie clinical oi actual CAidence of anemia than a 
brother and a sistei uho lilvcwise possessed the sickle cell trait, or another bi other 
Aihose cells did not sickle in moist piepaiations (The studies on this ease dur- 
ing the actiA’e phase, A\eie made dm mg the extiemeh hot summer months ulien 
Aasebne Aias a licpiid and paiaffin Avas necessaiA as a seal This inaA’- have in- 
fluenced the lesults, but A\e liaAC noted no difterenee in the use of these tuo kinds 
of seals in othei eases ) 

Although the eAidence is as j et limited aac aie defimteh conA’ineed fiom oui 
experience Anth a faiih large gioup of sickle cell anemia cases that the late of 
sickling is related, not necessaiily to the immediate seAeiitj of the anemia, but 
to the chronicitA’ of the anemia Those AAith no siekled cells in then circulating 
blood, AAuth a sIoaa use in peicentage and Aiitli a Ioav maximum peicentage haie a 
better piognosis than the “high-immediate, rapid-rise, high-percentage’’ gioup 

The variabihty of moist pieparations and the unieliability of a single moist 
pieparation as lepresentatiAm of the average sickling late foi a given blood, as 
emphasized by Graham^ and noted bj other ini estigators, has been amplj veri- 
fied in our studies Piepaiations quite often sIioaa vaiiations in percentage m 
different paits of the same mieioscopic field Sickling less than 1 per cent may 
be seen in one piepaiation Ai^hile anothei made from the same patient at the 
same time under similar conditions may shoii 100 pei cent Sicldemia patients 
aie more likelj to sIioav a more maiked Aaiiability than are sickle cell anemia 
cases In 194 preparations from eases knoAvn to possess the siclile cell trait, in 
Avliich the rate of sielding Aias followed at fiequent inteiAals for three daAS, 5 
shoAved no cell changes Although this is an eiioi of less than 3 per cent, the 
fact that such a thing is possible is Aimithy of note Preparations have been ob- 
served Avhieli shoAved no sickling m tAi entj -f our houis, but became positive in 
fairlj'’ high percentages in fortj -eight oi seventj-tiAO hours or longer The dif- 
ficulties in distinguishing sickled cells from other morphologic changes in 
ei-ythroeytes, such as maiked crenation, drying and fragmentation phenomena, 
poikilocytosis, elliptical cells and changes produced bi pressure, may, at times. 
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be great The piesent methods do not take into consideration such factors as 
method of collection exposure to air size of di op chai acter of spread weight of 
the coiei glass liTdrogen ion concentration of the blood after placement in the 
sealed preparation bacteiial gioiith minoi variations in temperatuie exposure 
to light and eftectiieness of the seal The fact that we cannot aliiais produce 
the same curie in the same person is eiidenee of the presence of as vet uncon- 
trolled factors and clearli indicates that we will ha\e to considei these sources 
of error in the inteipretation of results and in the incidence of sickling as at 
present reported 

The use of the gas chamber method as adiocated bv Hahn and Gillespie” as 
a means of experimental studv has in then hands led to the most important 
fundamental ohseriations concerning the sickle cell phenomenon hut in our 
hands it has been cumbersome and umeliable eeks spent in attempting to 
deielop the technic 1o a point where it would be usable as a practical measure 
for conducting a suivei met with failure although the feeble responses we ob- 
tained were in agreement wntli the findings reported bv these workers Graham ■* 
Coolev ” and Scmei'- hare experienced the same difficiiltv Others hare re- 
ported positne results with the gas ehambei method, but haie not repeated 
the more detailed obsem ations 

At the piesent time therefoie we lack reliable methods New procedures 
or a better control of the variable factors in the present methods are necessarv 
before the interesting sickle cell anemia pioblem can be unravelled 

CONCLESIOXS 

1 The en-tliioci-tes m whole blood m moist preparations from patients 
watli sickle cell anemia sickle faster and in a liigbei percentage than in sicklemia 
patients 

2 Twenti -four hours is the optimum time for the reading of moist prepara- 
tions hut negatise leadings at twentv-fonr hours do not ebminate the possibzlitv 
of the sickle cell tiait 

3 The late of sickling is esticinelv variable and conclusions that will be 
lepresontatne of the group or of the individual cannot be drawn from single 
cases or from a few pi epai ations 

^pprccntion-is expressed for the shilled technical assistance given in this norh hr Miss 
Tmnita Bibb, and for the cooperation of the clinical staff of the Memplus General Hospital 
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CLINICAL APPLICATIONS OP SUPRAVITAL STAINING* 


Edn-aH Tompkins, MD Nashmlle Ten-x 

A COilPREHENSIVE definition ot supravital staining is difficult It im- 
plies, in general, the staining of Imng tissues independent of the organism 
as a vrhole Speeificallv, it is used to indicate the staining of living cells which 
have heen removed from the organism, or "which are stained after the somatic 
death of the animal 

The phvsical and chemical laws which goiern the suitability of substances 
for supravital staining are understood onlv in part CappelP gives an excellent 
definition of the practical working basis upon which this may be determined He 
states that “the latter,” i e, supravital methods of studv “require agents 
which, while not toxic to the cells, are j et capable of producing their maximum 
effect within a few minutes,’ etc The fundamental investigations of Schule- 
mann-® concerning the chemical and physical characteristics; of vital dyes 
established the fact that a substance must belong in the borderland between col- 
loids and crvstalloids m order to be an efficient vital stain This fact holds rela- 
tivelv true for supravital dyes General laws concerning any other factors which 
regulate the suitability of a substance for supravital staining have not been 
determined So far the best supravital stains have proved to be weak basic 
dyes 

Simpson^' made an extensiv e studv ot the suitabilitv of a large number of 
both acid and basic dves as supravital stains for blood. She took into considera- 
tion the toxieitv of the dves, the length of time necessary for satisfactory stain- 
ing, the permanencv of the color once staining had been obtained, the specificity 
of the staining for specific granules and for mitochondria, and the suitabilitv of 
the dves for revealing the vacuolar apparatus She found that neutral red ful- 
filled the requirements ot a satistactory supravutal dye for specific granules and 
phagoevtic vacuoles hettei than anv of the other dves tested, and that janus 
green B was one of the best stains tor mitochondria Furthermore she found 
that these tv\o dves in combination were especially satisfactorv- for depicting 
contrasts betw een mitochondria and v acuoles in blood cells Sabin=* also found 
these two dves whollv satisfactorv foi the supiavital staining of blood, and more 
satisfactoiw than the other dyes which she used Utilization of these two dyes 
bv othei investigators in the field of supravntal staining has vielded equallv 
satislactoiv results so that at the present time, these two stains, either alone 
or m combination have come to be the chief dves commonlv used in the supia- 
ntal studv of the blood Thev aie the onlv dves which will be considered in the 
discussion which follows 

The tochme ot preparing the slides and solutions and of making the supra- 
vital siueirs Ins been given m detail elsewhere' ” and need not be repeated here 
In brief the method consists of flooding clean glass slides with dilute alcoholic 
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solutions ot eithei nential lecl alone, or oi a comlnnation of neutral led and 
janus gieen The slides aie at once drained and dried, and aie then leadj for 
use A drop ot iiesli blood is collected on a cover slip, ■which is immediateh^ 
placed on one of these stained slides Tlie blood must be alioved to spread bj 
capillary attraction and jvithout the aid of piessuie The edges oi the piepaia 
tioii aie iiinmed -Butli laseline to pieicnt evapoiatioii, and the smear is kept in 
a hot bo\ at hod's tempeiatuie long enough to permit staining Fne or ten 
minutes aie sufficient ioi the staining of the mitochondiia About tventi 

minutes aie lequiied foi satistactoii s-taining of the -sacuoles and granules 
Janus gieen is quite toxic, and it is thcietoie iieccssaij that blood stained -Hitli 
it be studied soon after piepaiation It also inhibits, to some extent the 
staining vnth neiitial led, so that an accuiate deteimination of the sire and 
number of the lacuoles must be made i\ith neutial red alone Puitheimoie, 
an-\' estimation oi the vacuolai actnitj must take into consideration the 
length oi time that the blood has stood in contact with the stain, as the lacuoles 
inciease in numbei, size and Pn leaction inth time "We have published else 
where"'” the exact lequiiements for a satisfactory siipiaiital piepaiation as 
well as descriptions ot the appeaiance of the noimal -white blood cells when 
freshly stained, and aftci having stood toi vaiioris periods oi time These re- 
ports contain rery accuiate illustrations in color of the cells stained both with 
neutial red alone and with neutial red in combination with janus green It 
seems W'lser to refei any one wishing to studj exact desciiptions of suprarntallv 
stained cells to those ai tides than to attempt at this place a repetition which, to 
be of any value, would liar e to be Icngtln 

It can be seen from the foiegoing brief review' ot the requirements for satis- 
faetoiT supravital staining that there are some inherent disadvantages m the 
method At first thought, these may make the method seem impiacticable for 
any very general use, especiallj as some ot the disadvantages do not occur m 
other methods of studMrrg blood 

The chief disadrantage in the method is, perhaps, the fact that the smears 
cannot be kept long and therefore must be studied soon after ther are made 
and carrirot be saved ior future reference or for shipment The necessity of 
studying them within a gnen period oi time sets an inflexibility that often may 
be difficult to meet This is especially tiue li the preparations must be tiaiis- 
poited to anj distance Purtheimore, transportation under any condition is 
somewhat difficult, as the slides must be kept flat to pi event flowing ot the 
cells to one side of the preparation In fact, in most cases, the method does not 
lend itself to instances where the blood is to be examined at anj great distance 
from the place where the piepaiations aie made 

The need for a hot box or some other method of keeping the blood at bodj' 
temperature maj also at times cause embarrassment Where the microscope is 
kept in any peimanent place and the blood brought to it, this offer’s no problem, 
as a peimanent heating s-\ stern can easily be set up It is oiilj in instances wliere 
the microscope is earned to the blood that there maj be difficultj This diffi- 
culty can be met by the use of a poi-table hot stage 

Preparation and staining ot the smears are without am doubt simpler an 
less subject to error than is the ease -with fixed smears, but the pieliminair clean- 
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mg ot tlie glasswaie is someiiliat time-consuming Foi piopeilj made fixed 
smears to he sure the corei'slips need as eaieful cleaning as foi supraMtal 
prepaiations But in the lattei ease, the slides must also he subjected to the 
same eaieiul attention Since it is as easr to clean and stain a larger number of 
shdes as a few the time lecpiired for then piepaiation can he mateiiallc mini- 
mized hv the piepaiation of a large supple They can he stoied indefinitele if 
kept anav tiom dust and grease 

Moie time and skill are iiecessare in leaniing to use the supiaiital method to 
its full ade antase than is the case n itli methods ot fixed staining This is simply 
because the method depicts moie cytologic factoi’s and pennits of the detection 
of more modifications in those factors than do other methods For simple dit- 
ferential coiintuisr the method mai be leamed as qiiicklr as anv othei, but lor 
detection of all the possible pathologic modifications that may be observed in the 
■various taetors that stain supiaMtallc and for their interpretation considerable 
time and expeiieuee are necessam' It is much like the fact that it does not take 
long to learn the name and appearance ot an intncate machine, but it reciunes 
considei able expeiienee to learn all of the uses to ■which it mac be put and 
all ot the factors that mav go awiw ■vmth it The supravital method of staining 
blood oftei's a tiemendous range of factors toi stud'v 

There is one tact, howecei, which may offer difficult v foi even routine dif- 
feieiitial counting This is the fact that nuclei do not stain and theietore do 
not aid m the rapid detection ot the nucleated cells ■within the field of cusion 
This is of no significance in the detection of the granulocviies and monoevtes, 
since their granules and vacuoles, respectiv elv, make them conspicuous It does, 
hovveiei, make detection ot Iv-mphocytes and nucleated led cells more difficult 
than vnth fixed staining, wheie the nuclei are prominent In the case of the red 
cells this is time with both the single and double staining In the case of the 
IvTuphocvtes It is time onlv with the single stain since mitochondria aid in the 
detection ot Ivmphocvtes with the double staining To a ti-amed observei the 
lack of nuclear staining is not a source of eiror, as both Ivmphocvtes and 
nucleated led cells are easily vnsible in a siipravutal field when the souice ot il- 
lumination IS pioperlv adjusted and the smears are thin enough ^loieovei, in 
most instances especiallv if the preparation has stood tvventv or more minutes, 
the Ivmphocvtes contain a few tinv vacuoles of ueutial red which serve to bung 
them to the observer s attention 

Anothei objection to the use ot the supiavntal technic in the study of blood 
IS the tact that basophilia and stippling cannot be detected as such Kev*’-' 
has showm that the mater lal, which can he demonstrated in voung red cells bv 
the appiopnatc use ot certain supravital stains is the same substance which 
ippeais as stippling and basophiln in fixed smears Reticulation mav appeal 
in some of the red cells ni a siipravntal prepaiation after thev have stood in con- 
tact with the stain toi a considerable period of time, but for anv accurate esti- 
mation of reticiiHlion a conccntimtion of neutral red must be emploved which 
Is too lire It to he compatible with the life of the cell and tberefoie with supra- 
vital stamnig ' 

Parisitic inclusions (in pirticiihr nnhiml pirasitesl also do not stain in 
smpiivital ])reparations until after a lonir exposure to the dve and tberefoie 
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ma'\ easih be ovei looked at the time of the diffeiential count "When the}’ do 
finally take the dve, thcv aie aciv piominent 

It Avill be seen from the foiegoing list of the disadAantagcs of the supia- 
Aital technic that the pimcipal ones aie the impeimanencj of the piepaiations, 
the necessity of examining them soon aftci they aie made, the impracticability of 
tianspoi ting them, and the difficulty of detecting paiasitic inclusions and ceitain 
pathologic featuies in eii dilating led cells, i e , nuclei, stippling, basophilia 

In a consideiation of the use of any paiticular technic, it seems leasonable 
to consider its advantages and the infoimation obtained from its use, as Avell as 
its disadvantages, and to contiast these with the advantages, disadvantages and 
information inheient m othei related technics In the case of the supravital 
technic foi the stiidj of blood, a numbei of cytologic characteiistics can be 
denionstiated which cannot be seen in fixed piepaiations Puitheimoie, some 
of the chaiacteiistics which can be seen in fixed piepaiations appear in a some 
what diffeient mannei in fiesh picparations It is necessarv to know wheiein 
the cj’tologic features piesented by the two methods varj’, and in what clinical 
conditions any paiticulai set of featuies is of impoitance befoie one can diavv 
any conclusions as to the technic of choice foi the studv of blood in geiieial, 
01 in any paitieulai instance 

In supravital piepaiations the cells aie living and maj be considered moie 
01 less in the physiologic state in which they ocenired in the,bodj at the 
time that they weie wnthdiavra This statement, of course, holds tiue the soonei 
the prepaiation is examined aftei it has been made Poi that leason it is eon- 
sideied important to study the cells as soon as they have taken sufficient stain to 
bring out then crtologie featuies As has been mentioned elsewhere, this is 
fiom twenty to thiitj minutes after piepaiation o± the smeai It is obvious 
that a study of anv phv’Siologic characteiistics that can be made obseivable might 
be of diagnostic and piognostic aid vvheievei pathologic states of the host cause 
modifications in those chai actenstics, oi viheie the cells are inheiently patho 
logic in themselves 

The impoitant phjsiologic factois which aie demonstiated bv’ the supia 
vital technic, and aie not demonstiated in fixed prejiaiations, consist of motility, 
mitochondria and the vacuolai appaiatus The motility vanes in late and cliai 
acter in the ditfeient types of cells, and theiefore can be used to help in then 
diff ei entiation The rate of motilitj m all of the cells is subject to consideiable 
vaiiation due to tiauina in making the smeais, to the tempeiatuie at which the 
smeai s aie kept, to the age of the cell, to pathologic conditions of the cell, and 
finallj’’ to factois in the environment which aie not understood Obvaously, 
wheie any aetivitv’ maj be afiected by so many factors, and vvheie those laetois 
aie only paitlv’- contiollable, decisions based upon that activity can be made onlv 
with reseivation In the case of eellulai motilitj, therefoie, the increased oi de 
creased activity, of anv strain of cells, can be judged onlv m i elation to 
the activity of othei eellulai tjpes in the same smear So far as has been 
leported, theie is no^evideiice that the foim of motion in any given tj’pe of cell 
changes It is meiely the late of activitv which seems to be modifiable In the 
differentiation of eellulai tvpes, the absence of motilitv is of veiv little signifi- 
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cancc, as cells TOa^ icmain qvnescent foi long periods Tlie presence of motion, 
on the other hand may be of considerable assistance This is especiallv true in 
the case ot the mononncleai cells Cunningham Sabin and Doaii-" found that 
both monoei-tes and Ivmphocvtes iverc motile, -vshile on the other hand, thev 
neier obsemed moiement of myeloblasts or of mvelocvtes until the cells had 
piacticalh become adult polnnorphonucleai cells 

The staining of the lacuolar apparatus m blood cells is perhaps the most 
■valuable feature demonstrated bi' the supravital technic The aid offered by 
the lacuolar apparatus in the differentiation of mononuclear -white blood cells 
has reeeiied considerable attention, but the importance of the modifications 
mthin the cacuolar apparatus undei laiious pathologic conditions is just be- 
ginning to reeep e recognition and to be considered of diagnostic or prognostic 
help The staining of the laeuoles in monocides is particularly piomment, and 
particularlv subject to modifications Simpson and Sabin showed that the 
lacnolar apparatus in the monocvtes is len distmctne and series as an ac- 
curate differentiation of monoc-vtes from lvmphoc\-tes or fiom young mono- 
nucleai cells of other senes They stressed the number of lacuoles and the 
ground glass appeal anee of the evtoplasm in the monoerte as offering a maiked 
contiast to the feu lacuoles and the clear hiahne-like evtoplasm of the Innpho- 
ci-tes To these majoi features in the characterization of the monocide Sabin 
added the size and arrangement of the mitochondria, the quahtv of the unstained 
nuclei, and the tendenev to rosette arrangement of the lacuoles Cunningham 
Sabm and Doan, and Cunningham and Tompkins* ” agreed m the mam with 
then descriptions, but shou ed that thei e is considerable phabibty m the \ acuolar 
arrangement dependent on uhether the cell is rounded up or m motion All 
of these authors tound a much more e\t ensue i acuolar apparatus m the mono- 
cites (i e, both more and larger -vacuoles) than in the Irmphocides M’hile 
there has been no disagreement -with the descriptions of monoei'tes given by the 
abo\e authors carious reports sho-vs that the induidual characteristics of the 
monoe-vte are not specific to that cell alone but mav be observed m other mono- 
miclear cells of the blood -when supra-vitalh stained and cause confusion m their 
differentiation The possibilitv of contusion between monocc'tes and Ivmpho- 
cctes has been particularlv stiessed Bloom- studied the mononuclear cells m 
the blood and tissues of labbits following evpenmental iintations He found 
nuiin cells which e-sliibited carious stages of c acuolar actuitv and m which 
differentiation bctcceen Ivmphocvtes and monoevtes evas impossible Laevrence 
and J’odd'‘ studied the blood m carious clinical conditions m cvhich the Ivmpho 
ertts nere adnnttedlc incolced and found mane IcTupliocvtcs cvhieh had such 
an occractice cacuolai apparatus that thee could not be differentiated from 
monoectes on the basis of the c acuolar apparatus alone Hall*-* published a eery 
caiofnl and critical leciecs of the hematologic literature concerning the results 
01 snpiacatd staining In particulai he examined the ocidence deahn" cvith 
the cable of the snpracital technu in the differentiation of monoectes He 
concludes that the method docs not help in the differentiation Among other 
• aeloiv cclnch led him to this conclusion c\as the evtieme modifiability '"of the 
'acuolcs jud the ea^e with which their charactei is chan-red he pathologic and 



926 


Tiro louRxro or iABORvroR\ and climcal JirmciNE 


eimionmeiital conditions As lepoits ol snpiavital studies of pathologic cases 
appeal the extent to which the vacuolai appaiatus may be modified becomes 
moie eiident At the same time, the piobability aiises that this liability of the 
appaiatus may lie ol great lalue in diffeiential diagnosis Sabin showed that 
the lacuoles of the monocj-tes in Malta feiei laiied consideiabh Wilson and 
Cunningham, =“ Rucks and Cunningham^'' and Lauience, Josey, and Youiig^" 
found all stages of deielopment of the lacuolai appaiatus in eases of monocytic 
leucemia Cunningham and Tom])kins,' Blaekfan and Diamond^ and Rogers"" 
lepoited specific changes in the yacuolai appaiatus of the monocj’tes in tubeicu- 
losis Compaiable \anations hacc been obseiced in the yacuolai appaiatus of 
hinphocstes undei laiious pathologic conditions"" Tompkins and Cunning- 
ham''" haie lepoitcd a laiietA of conditions in uhicli they toiind modifications 
in the 1 acuolai appaiatus of citliei monocAtcs h mplloe^ tes oi granulocytes In 
all oi these leports, the modifications of the apparatus uere legaided as spe- 
cific to the iiathologic conditions in which thei oecuiied, and while thej’ laiel} 
olfeied any eonlusion in the differentiation of the cells, they iveie found to be 
ot assistance in di.ignosis 

The thud lactoi ot maioi impoitance dcmoiistiated by the supraiital 
technic in the studi ot blood cells is the staining ot the mitochondiia Mito- 
chondiia, oi coui'se, hare been dcmoiistiated bj methods of fixed staining, but 
these hare not permitted oi the simultaneous studr of a sufficient number of 
othei cytologic ieatuies The simultaneous staining of the mitochondiia and 
racuoles m suprarital piepaiations has a raluo that studies ot the mitochondria 
alone in fixed piejiaiations do not oftei It is obnous, in the fiist place, that 
simultaneous obsei ration ot a numbei of factois within a cell is picfeiable to 
the necessitr of scpaiate obsei \ ations in diffeient cells of the same tr^ie 
Puitheimoie, it is obyions that thcie is less distoition of the intiacelliilai ni- 
eliisions in stained hying cells than is likel5^ aftei eren the most felicitous 
fixation As the sue, shape, and aiiaiigement of the mitochondiia hare been 
coiisideied as impoitant as then numbei in cellulai differentiation, this featuie 
assumes consideiable raliie Eren under the conditions of siipiayital studj ot 
the mitochondiia br the use of jaiuis gieen, theie has been found to be con- 
sideiable rariation in then numbei and toim iiom cell to cell of a gireii type 
Corvdir^ obserred that mitochondiia aie cxtremelj sensitire to phrsiologic and 
pathologic conditions Despite then normal raiiations, horverei, theie has been 
touiid sufficient similai it j in the mitochondi la in anj one tr pe of cell and suffi- 
cient difteience in the mitochondiia betryeeii types foi a diffeientiation ot blood 
cells to be made rvliieh is based paitlr on the mitochondi lal pattern This is espe- 
ciallr tiue rvhen neutral led is used in conjunction rvith janus gieeii Br the use 
ot these trvo dyes, togethei, Simpson and Denung"" and Sabin Austrian, Cun- 
ningham and Doan"-' weie able to tiaee the deyelopiiient of giainilocytes fiom 
myeloblasts through suceessiye stages to the matin e polrmoiiihonucleai cells, 
and to define the mreloblasts and young mjeloertes rvitli a ceitaintr not 
preyiouslj obtained With the same technic, Cuiiniiighani, Sabin and Doan fol- 
lorved the deyelopment ot leucocrtes, Ir niphocytes, and monocjtes fiom then 
stem cell They discoreied reij' useful and consistent diffei cnees in the ertologic 
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patterns of the ^ovmg cells of each seiaes %\hich ha^e made it possible to dis- 
tinguish them fiom each othei and fiom matin c nneloeites, li'mphoci'tes and 
monocvtes As in the ease of the lacuolai appaiatus, the laiiations which mai 
oeciu in nutochondiia due to both phisiologtc and pathologic causes mav be 
of consideiahle diagnostic and piognostie assistance lather than a somce of 
confusion. Conclrv realized this and discussed the piohahle importance ot the 
seiisitmti of nutochondiia to pathologic changes Taken alone, ivithout con- 
sideiation of the othei cvtologic factors stained by neutial led, the eharactei 
of the mitochondria in the difteient cells and then modifications might well 
cause contusion Studied in combination intli othei tactois, the mitochondria 
are inialuable In fact theie are a considerable numbei of conditions in which 
the imtochondiia haie been found to be specifically chaiacteristic 

Fiom the foregoing remarks it is obnous that supiaiital staining peimits 
ot obseiiations of motiliti lacuolai apparatus and nutochondria and that 
these three faetois are subject to modifications under larious ennronmeiital, 
phisiolomc and pathologic states Despite the modifications, the pattern ot 
these thiee factois in each tiiie of cell seems suflicientlv characteiistic to be of 
distinct lalue m the diffeientiation ot these cells The aid obtained in cellular 
difterentiation is ot especial \ alue in the case ot the i oung mononiicleai cells On 
the othei hand, the modifications in the mitochondria and lacuolar appaiatus 
aie sufficiently specific to the conditions uhich elicit them for them to be ot aid 
in the differential diagnosis 

In addition to these three major factois bi ought out by the suprantal 
technic, theie are -various other factors which mai be obseined -with othei 
technics, but which at times mai be moie accniateh measured in the living cells 
These include measurements of the diametei ot cells, abnoimalities in the shape 
of cells the color ot red cells, and the presence of am cytoplasmic inclusions, 
such as fat, which might be destroi ed with fixation The distortions in the shape 
of cells which otten occur in pulled smears aie avoided in living preparations 
"where the cells aie tiee to assume then natural shapes This teature has its 
greatest importance in the detection of sickle shaped red cells, which Lawrenee^'' 
found to be more reliabh distinguished in fiesh than in fixed pieparations The 
production ot smudges which otten results from the trauma of pulling smears, 
csjiecialh m pathologic bloods with veiw fragile cells is also avoided in supia- 
■vital piepaiatioiis It is obvnous that the elimination ot smudges adds to the 
aecuncv of the differential counts and ot the detection ot pathologic cells 

Dstimatioiis ot the coloi ot red cells can be made with extieme accuiacv in 
supiavital prepaiations in which basophilia and variations in the intensitv ot 
St iin do not intci fore vv ith the color due to the hemoglobin alone In addition it 
IS casv to detect the faint traces ot lienioglobin which occur in the verv joung 
rod cells, and which are concealed bv intense basophilic staining The detection 

ot hcmoglohm simplifies the diffeientiation ot veiw voung red cells fiom vouii'j- 
"lute cells 

fompkins and Cuiiniiigliam found that fat occurs occasionalh m the white 
ilood cells under certain pathologic conditions and mav aid m diagnosis or 
prognosis riuv found that in extiemelv toxic infections and cspenalh in 
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moiibund stales, the poh moiphonucleai neutiophiles may contain highly le- 
fi active, iinstanied dioplets which they considei to be fat In two cases of 
gencialized Is niphosai coniatosis thes found siimlai dioplets in the Ijmphocytes 
Ciuiiiingham, Sabin, Sugij’^ama and Kindwall'’ ionnd that fat s\as consistently 
piesent m degenciatmg epithelioid cells 

Prom this lenew of the impoitant fcatuies connected with the supiasital 
technic, one is in a position to aiialjzc the conditions in which the specific in 
foimation obtained iioni supiavital staining is hkeh' to be of help in diagnosis 
01 piognosis It has been showni that the method is oi salue first in the diffei 
cntiation of mononueleai tells of saiious ts'pes, inelnding the joung forms of 
the diffcieut stiains of svhite blood cells, and secondly, in show'ing qualitatise 
differences in anj single tspe of mononueleai cell In this lattei lespect, the 
method is paiticulailj helpful in depicting qualitative changes m the Ijnnpho 
cytes and monoeides Thciefoie, the method is likely to give assistance in any 
condition iiiyolying the mononueleai cells This is tiue, whethei it is a condition 
invohmg the lymphocites oi moiioeites, oi a condition associated ivith the ap 
peaiance of young cells 

In the ease of diseases iniohing the Ij mphocidcs, it has been found that 
the iiici eases in those cells in certain diseases, such as pertussis,^® lymphocjdic 
leactions to sepsis,®® and tubeiculosis," aie due to cells that are normal in 
eieij respect, while othei diseases aie chaiacteiized bj' the appearance of 
lymphocytes which stain m the maiiuci of young cells The infections of child- 
hood, tjphoid feier, malaiia, and measles®" aie the common conditions in which 
young honphocytes may be found On the othei hand, the h mphoc3’i;es in in- 
fectious mononucleosis aie different fiom eithei iioimal oi loung cells'’" ®" 
The hmiphocytes of Ij^mphatic leucemia have been shown to exliibit chaiactenstic 
changes in mitochondria, lacuolai appaiatus and nuclei which help to diffei- 
entiate them from othei conditions invohing the Ij mphocytes, as well as fiom 
othei mononueleai cells ®" ’’’ "" 

Supravital staining has pioved especiallv laluable in diseases involving 
the monocites, because it has aided not only in the detection and diffeientiation 
of these cells, but has leiealed sufficiently chaiactenstic changes in them in a 
number of pathologic conditions foi the modifications to be of value in diagnosis 
IMornss and Tan,=" Cunningham and Tompkins," ®" Blackfan and Diamond,® 
Eogeis®® and Pinner®® liaie found the monocrtic count and the lelationship of 
monocjdes to lymphocytes to be specificallj uivolved in tuberculosis Sabin 
found the monocytes numeiically and qualitatively changed in iMalta fei ei Miil- 
Iman®® and Tompkins and Cunningham found them affected m malaiia Tlie 
lattei authois found them stimulated in then capacity to store dje in a group 
of conditions with associated hepatic distmbances, and also as an accompani- 
ment of pyogenic iniections Thej also found them depressed in their capacity 
to stoie dye m conditions associated wuth anemia The diagnosis of a thud 
tiqie of leucemia, i e, monocytic leucemia, has been made nioie eeitain bj 
siipiavital blood studies "" ®" As a result of these studies it has been possible 
to accurately difteientiate the condition fiom Ijmphatie and myelogenous 

leucemia 



CLiMCAL. vppllcvTIO^s OP sx:pr\mt\l stmmng 


929 


In fact m the lencemias in geneial, snpiaMtal staining -vsith the double 
stains has pioied of tremendous lalue in the sepaiation of the thiee main tjpes, 
and in the classification of those tvpes according to their chioniciti, Detailed 
desciiptions haie been published of mieloblasts and myelocytes at ^arlOus 
stages of matuiiti in the blood of eases of mvelogenous leucemia, and the points 
have been discussed bv irhich thei mav be differentiated from other mononuclear 
pells « =5 =0 It has been found that myeloblasts and len >oung myelocj-tes 
characterize the moie acute stages of the disease, while late mjelocytes are 
characteristic of the more ehionic stages-^ It has also been found that an 
aceuiate estimation of the number of > oung mi elocj tes, compared to the number 
of late mielocytes, is of help in distinguishing seieie leactions to pyogenic in- 
fections from aleueemie stages of mvelogenous leucemia 

It is impossible to lay down dogmatic rules as to when any one method of 
studnng blood should be emploi ed There are times, as ei ei i one knows, when 
a number of methods are necessary to giie enough infoimation for diagnosis 
There are times when any satisfactory method will gi\e all of the necessars in- 
formation In regard to the use of the supiaiital technic, it would seem as if 
its lalue in the anahsis of mononuclear cells should, whereier possible, make 
the teclinie a routine in all diseases mi oh mg the lymphocides and Ij mphoid tis- 
sues, in all questions of leucemia of anv sort, and m all conditions m which the 
number or character of the monocvtes hai e been shown to be of diagnostic aid 
Tliese latter conditions include tuberculosis, malaria, anemias and conditions 
accompanied by hepatic disturbances, such as arsphenaiiune toxemia, catarrhal 
jaundice, and hlalta feier 

Besides these special cases when supiacital studies seem routmeh* in- 
dicated, the method should also be employed, m addition to fixed staining, 
where! ei fixed staining has gnen indications of abnormalities of the mono- 
nuclear cells, 01 of the presence ot young white cells 

In the studv ot anemia, the method can also be profitablv emplo! ed at times 
for accurate estimations of the color of the red cells as well as for determina- 
tions of the size and shape of the cells, and for detection of the \ery young red 
cells, the megalohlasts It is especially mdicated where theie is anv question of 
the presence of sickle cells 

In the course of acute infections the method is useful m diffeientiatmg the 
infectious conditions fiom aleueemie mielogenous or lymphatic leueemias In 
addition, m infections, the method mav gi! e information concerning the toxicita 
of the infections, and concerning the actnitv and youth of the gi-anuloertcs, and 
therefoie of the regeneiatue poners of the marrow 

With the exception of the aboce conditions, when supraiital studies seem 
specificalh indicated there is no leason to piefei them Fixed pieparations 
are of course iiecessarc when permanent smears aie desired 

In addition to the use of the supraiital technic in the studi of blood, the 
method offei-s some distinct achantages in the study both of body fluids, and of 
''cr.spmgs of canons tissues The possible applications of the method in these 
directions h no hut just begun to be iiuestigated and cere bttle has as set been 
published coiKenuug such studies runningham and Tompkins' found that 
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supidMtal studies ot tubeiculous exudates showed gieat iiumheis oi epithelioid 
cells and ncie ot diagnostu impoitance McJuiikiui" made supiavital studies 
of the lymphoid tissues in Hodgkin’s disease PoikneH= ” made an extensne in 
^ estigation of both noiinal I'vinph nodes and nodes fiom \aiious pathologic con- 
ditions, including I's niphosaieonia, Ilodgkin’s disease, Innphatic leucemia, and 
tubeiculosis He dcMsed a ^elT simple method toi biopsy exti action of enough 
mateiial Horn the nodes toi supiaMtal studies, and iound sufficienth chai- 
acteiistic changes in the tissues undei the ditfeient pathologic conditions to en- 
couiage fuithei in\ estigation and a lestiictcd application oi his methods to 
selected cases Doan’" applied the method to the stuch of maiiow fiom cases 
of peinicious anemia and obtained imaluable inioimation concerning the phago 
cjdic cells and the legenciation ot the icd cells 

The technic ioi such studies is csseiitialh the same as that loi blood The 
stiemrths of the ches which gi\c the most satislactoic icsults vaic aecoidmg to 
the tissue to be studied Iiijm-\ to the cells must be acoided in making the piep 
aiatioiis Smeais ot fluids aie made m the same mannei as those of blood 
Smeais of tissue seiapiiigs aie also made in the same mannei wheiie\ei the\ aie 
moist enough in themschcs to peimit ot spieading Pieces of solid tissue must 
be caiefulh avoided and piessuie is fatal to the cells to be studied 'Wheie the 
tissues aie not sufficiently moist to spiead noimally, the seiapings maj be mixed 
Mith a diop of homologous scium and smeais made fiom the mixtuie Saline 
solutions aie not suitable toi this pm pose, as they cause too gieat an edema of 
the cells, with a consequent distoition of the citologie figuies 
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TTEMOPHILIA is a condition cliaiactciized by a delajed clotting time of the 
blood and a historj’’ of repeated liemoi rliages, ■which is found onh’’ in males 
but IS tiansmitted through the female as a se\-liiiked character Thus, it will 
not appeal in the children of a hemophilic man but maj be transmitted bv his 
daughters to appeal in then sons The disease Mill not appear in the sons of any 
male descendant of a hemophiliac (e\eept in case of mtermairiage betM'een two 
such families) but maj crop out at ani'^ time in the sons of the female de- 
scendants This laM' of hereditaiy tiansmission of the disease was fiist promul- 
gated by Nasse in 1820^ and has since then received lepeated verification, 
especiallv bv Bulloch and Pildes" in their critical investigation of the literature 
of repoited familj histones Gates® has vcr3’’ reeentlj’' given an excellent suivey 
of the literature along this line mIiicIi should be read bv anj^one particularlj' 
interested 

Each hemophilic male, theiefoie, M'ho maiiies and has children selves as a 
uev starting point of the disease in a heieditary sense This is M'ell illustrated 
bj"- a family history Mdiich I lecentlj' presented ■* The diavung of this family 
tree is lepioduccd here to emphasize tho lav' of tiansmission of the disease 
Widespiead diffusion of the disease in lecessive foim, Mhich has taken place 
Mitli the passage of centuries, no doubt accounts for the numerous cases seen in 
Mhich no positive familj-- historj^ is obtainable Theie is no Maj of being certain, 
hoM'eier, that it does not occur spontaneously Inteimariiage betMcen members 
of different oi of the same liemophilic familj^ usuallj^ proves disastrous, as the 
disease at once becomes lather dominant in chaiactei This has happened in 
several of the loyal families of Europe through their close mtermariiage 

Etiology — Our IcnoM ledge of the oiigin of the disease is no furthei advanced 
than it M'as a centurj" ago Pickeiing- found ceitain points of similarity be- 
tMeen hemophilic blood and that of certain embryonic foims, and obtained bene- 
ficial lesults from liver feeding in tMO cases He theiefoie postulated some kind 
of faulty liver development as a basis for the condition Mai low® has recentty 
lepeated Pickeiing’s attempt at liver therapj’- in 4 cases, but -with no success 
ivhatevei It is therefoA unbkely that the liver is concerned in the disease, 
although it IS intimately related to blood clotting factors in other waj^s 

Pei haps the most impoitant work so tar leported on the etioloty of hemo- 
philia IS that of Birch ^ Woiking on the assumption that females of hemophilic 
families must possess some pioteetne factor against the disease, which is lacking 
in the males, she tiied ovarian tiansplants and ovarian evtiact theiapj^ in hemo 
plulic males Apparently remaikable success has attended this type of therapj^ 
She also went one step fuither, and tested the urme of hemophilic males foi tlie 

•From the Department of Internal Medicine UniNereiti of Cincinnati 
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smaU trace of temale sex hormone which is usually found in male unne In h^er 
five hemophilic eases no trace of this hoimone was found She, thei efore, be- 
heies that the disease is kept in leeessne form in the female earners by the ac- 
tniti of their sexual oigans, and that it crops out in certain male members of 
the familv because of an entire lack of the small amount of female sex hormone 
normalh present in males ilucli nork remains to be done before her proof is 
complete, for instance whether there are nonhemophilic males who excrete no 
female sex hormone in the urine 

Patliologxj —yio&t ot our knowledge of the pathology of hemophilia is con- 
cerned with the coagulation of the blood Attempts to show the presence of 
undue friability of the capillaries or alterations in the coagulative property 
of the tissue juices, have Auelded no convincing results 



1 — Genealog\ oi the Pnehett famvU vath bleeders shown in black Xo earlier historv 

was obtained 


The hlood exliibits as its niajoi abnoimahts a prolonged cloiting time This 
mai vary anywhere from normal limits np to se\ eral hours, depending on the 
seieriti of the condition and the time at which the blood is taken One person 
mai show wide fluctuations of his clotting time at different periods of the jear, 
ut one time being appareuth normal and a few weeks later going into a seiere 
hemorrhagic state with greatly delaied clotting This marked vanabilitv in 
the clotting tune is characteristic of the disease and should alwais be kept in 
mind The hleedtng time from a stab wound m the finger or ear is usualh 
normal ‘ ^ although at times it becomes greatly prolonged if the wound be 
treated a bit too ronghh The cellular elements of the blood are normal in char- 
act ei and amount except for the secondary anemia following severe bleedins Re- 
co\en from this anemia is nsualh \erv prompt The blood platelets arc normal 
in number and sue but exhibit a delaced clumping and disintegration which has 
men considered bx some workers’" " as m important factor in the prolon<red 
clotting tune There h is been some disaereement'" as to wliether the platelet 
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mateiial libeiated by the disiufcgiation, possesses the eoagulative po^\el that it 
noinialh should 

P) oth) omhin of the blood iii hemophilia seems to he the onlj clotting factoi 
exhibiting definite abnoinialitA IIomcII" beheies that theie exists a leduc- 
tion 111 the amount of prothioinbin uhich accounts foi the delaj in thiombin 
foimation and clotting IIoMevei, the cxpciiments of Addis'" seem more con- 
clusiie, shoMing only a dela} in thiombin pioduction, uith no deficiencj in the 
total amount finallj formed Mills’" liken ise concluded that the fault lay, not 
in the amount of piothiombm oi thiombin but in the dekned actuation of the 
foimei to the lattei He tound piothiombm in hemopluba to be much moie 
lesistant to actuation uith cephalin than in iioimal blood, and that this fault 
nas collected hi the induction of a local skin protein leaction Tlaombm of 
hemophilic blood, nhcii once foimcd, is noinial in amount and action It pos- 
sesses the piopei capacity foi clotting eithei noimal or hemophilic fibrinogen 
Blood fibunof/cn and calcium have been found normal in amount and eharactei 
by all uho haie studied them m this condition The piesence of anticoagulants 
in the blood, to account foi its delayed clotting, has leeeiied much study but 
again theie is almost unanimous agi cement Theie is no excess antitliioinbin 
piesent’” ’■* ’ > iioi is antiprotlirombin increased in amount’* 

Othei pathologic findings in hemophilia usualh include maiked dental eaiies 
Mitli loot abscesses, and chionic lomt changes These, houevei, more piopeih 
come uudci the heading of complications of the disease The oiilj other patho- 
logic condition found is the entiie lack of female sex honnone in the mine of 
these patients The u ork of Birch" in this connection needs eonfiimatioii b'v othei 
Moikeis and on a largei senes of patients 

Symptoms and Signs — Bepeated seieie hemorihages furnish the outstanding 
feature of the disease These usualh stait in eaily childhood, laiely houevei 
before tuo yeais ot age, and continue tliioughout childhood Adolescence 
usually' bungs a nieasiiie of lelicf, and by earlj' adult life the hemorihages aie 
in most cases feiiei and less seieie The seventy of the bleeding lies not in the 
late of blood loss, but in its duiation Fiequently the loss is onh thiough 
seepage ai oiind clots, but the continuance of this foi ten daj s to tv o v eeks brings 
the patient dovn to a ciitical level of anemia It uould seem that the only spon- 
taneous means of stopiiing the bleeding in many cases lies in closure of the 
•wound bi healing piocesses ratliei than thiough the clotting power of the blood 
Bleeding most frequently occurs fiom the gums, inth the shedding of the 
deciduous teeth or tooth extiaetion, from a toin ficniim in the mouth, into the 
joints, especially the knees, elbous, and shoulders, and fioni tiaumatic injiuies 
to anj^ pait of the bodj Subcutaneous and mtianiuscular extrai asations fiom 
injury are rather common Piobably the most difficult hemoirhages to control 
are those from the gums and fiemim, while those in the joints cause most dis- 
comfoit to the patient and lead to the greatest haim through the joint changes 
produced 

Theie are no charaeteristic physical findings in hemophilia except those re- 
sulting from the bleeding tendency Because of the daiigei attendant on extrac- 
tion of teeth, together iiith a ratliei pooi state of nutrition in these persons. 
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dental canes is usuallv maikecl and loot infections aie common Joint de- 
fornuties inth laning degiees of limitation of motion are common Anemia 
IS seen of couise dining and immediatclv aftei the hemoiihages but lecoieri is 
nearh alnais piompt once the bleeding has ceased 

The pinieipal sum ot the disease is the delaied clottins of the blood mth the 
fieqiient and prolonged hemoirhages The clotting time mai range anvnhere 
from normal limits up to seieial lioius and laiies at different periods as dis- 
cussed in a pieMOUs paragiaph One expression of this delayed clotting is the 
piolongcd pt oihi omhnt iime as described bi Hoivell'* and i ended by nnmerons 
otlier investigators® ■® The bleeding time is noimal as are also the cellular 
elements and platelets of the blood 

Coiase of the Disease — ^Jlanifesting itself larelv before the second rear of 
life the bleeding tendenev is most seveie through earlv ehildliood, usually be- 
coming less tioublesome tonard the beginning of adolescence By early adult 
life it often becomes quite dormant oi disappears almost entnelv In a fevr 
cases it persists in seieie foini tlironghovit life In no patient does the disease 
mamtam the same seieritv at all tunes All hemophilic patients have periods 
ivhen their bleeding tendenev is lessened oi gone completeh But these periods 
mai suddenli change over into ones of great severitv These periods of i arying 
mtensiti usuallv coier iveeks or months Yerr often in the time of betterment 
the patient will seek dental or surgical aid ^vlthout acquainting the dentist or 
surgeon of his disease and find himself suddenlv in the severe phase of hemo- 
philia coincident with the operative procedure Great caution must theiefore 
be used in earrjTng out anv operative procedures on patients with a positive 
personal historv of hemophilia no matter how little trouble thev have had m i e- 
cent months, nor how normal the blood coagnlabibti has recently been 

Complications — Dental canes and loot infectwnSy together with the accom- 
panving giugmtis form the most common complications of hemophilia They 
should be classed as complications because thev usually lesult from neglect of 
the teeth and gums through fear of hemoirhage A mild degiee of malnutri- 
tion IS usuallv present, whether from the abnormal life led bv the person, from 
oral mfeetion, oi from the repeated hemorrhages is difficult to sav Chrome 
lomt changes resulting fiom repeated bleeding into the joints and the presence 
of a low grade infection, usualh end in hypertrophic arthritis and varying 
degrees of limitation of motion 

Diagnosis — Diagnosis of hemophilia rests mamlv on thiee points (a) posi- 
tne fanuh histoiv as given earlier m tins article (b) personal history of re- 
peated hemorrhages beginning in earlv childhood and (c) a piolonged clotting 
time of the blood In mans cases the famiB lllstor^ is negative or lacking and 
diagnosis is made on the other two points The personal historv of repeated 
hemorrhages is so important in the diagnosis with patients past earlv childhood 
that one should hesitate to class as hemophilic a patient with an initial sea ere 
hemorrh ige without going into a careful studv of the blood coagulabibtv 'Wlien 
presented with an initial hemorrhage in earh childhood lioweier diagnosis 
must often lest cntireh on studios of the blood coagulabilits In such a case the 
determination of the clotting time is important Mam methods are asailable 
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foi this puipose, the simplest of which aie piohably the test tube and the capil- 
lary tube methods A description of the technic of the lattei method, together 
with its factors of eiior and the noimal fluctuation of the clotting time will 
be found in an aiticle by SIills and Pcteison -- A maiked delay in the clotting 
time ot the blood, but with the eventual formation of a clot winch contiacts 
normally and the presence of noimal bleeding time and noimal number of blood 
platelets w ould favor the diagnosis of hemophilia 

Differentiation fiom othei hemoiihagie conditions is of course necessaij 
The question is most often raised in cases ot purpuiic hemoirbiages, especiallj’’ the 
repeated, seveie, and proti acted hemorihages of essential thrombocjdopenic 
purpuia Diffeientiation here depends on the piesence in puipuia of a noimal 
01 slightlj prolonged clotting time an abnoimally long bleeding time, a marked 
1 eduction in the number of blood platelets and the production of a nonietractile 
clot Accurate diagnosis is especially impoitant in those cases of essential 
purpuia in which splenectomi is being eonsideied, since a mistake might well 
mean a fatal outcome Acute leucemia in childhood is sometimes accompanied 
bj hemorrhages w Inch require differentiation from those of hemophilia, but here 
again the picture and diagnostic points are much the same as those for purpuia 
Seveie hemorrhages associated with obstructive jaundice and due to the high 
bile salt content of the blood, need scarcely be confused w ith hemophiba Bleed- 
ing of the newborn is often wronglj' diagnosed as hemophilia, although such 
a mistake is easily avoided This disease, while verj similai to hemophilia in 
the type of bleeding seen, comes on onlj' duiing the first week of life, w'hile hemo- 
philia very larely manifests itself befoie the second jeai There evists no 
known relationship between these two liemoirhagic diseases Hemolytic strepto- 
coccic infections, particularlj in tlie sockets of e\ti acted teeth, may lead to such 
prolonged bleeding as to raise the question of hemophilia None of the tjqncal 
diagnostic points are to be found, however, and differentiation should be easj 
Prolonged malnutiition in children at times brings on a bleeding tendencj, but 
it IS usually more of the purpuric type 

Piognosxs — The outlook for the hemophilic child in past decades was dis- 
tinctly unfavorable The moitality from hemorrhage was high during the years 
of childhood, while the nutritional state and plij^sieal development weie 
usuallj’- retarded by the abnormal life of constant care and fear of hemorrhage 
Later in hfe the lepeated joint hemoirliages and low giade infection left these 
nnfoitunate persons with such deformities and limitation of motion that most 
of them remained semi-mvalids foi life Onlj’- too frequeiitlv the betteiment of 
bleeding tendencj that came with adolescence and adult life was more than 
counterbalanced by the increase in joint distress from the more active life In 
a great many cases, foitunatety, the disease can be expected to decline in 
severity from the beginning of adolescence onward, so that its handicaps may 
eventually be outgrown, except for the joint involvements 

In more recent years the prognosis has assumed a much more hopeful char- 
acter Several new methods of ti eatment have robbed tlie lienioi rliages of much 
of their danger, wdiile better knowdedge of nutrition and of its importance in 
this disease has made possible a more normal childhood development In fact. 
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if tlie plan of ti eatment as ontlined belo\s‘ is folloived consistentlj , liemopliiha 
should cease to be such a dreaded disease and such a scourge to its luctims 

T)eaiment — The treatment of hemophilia is to be dmded into ti\o parts 
(1) the handling of the immediate hemorrhage and (2) prophylactic measures 
for lessening the futuie hazards of the disease In the treatment of the immediate 
hemorrhage too much emphasis cannot be laid on one important point no iinie 
should ic lost 17 ! apiilying the most elective means of hemostasis at hand Only 
too frequentli it happens that little attention is paid to the slow blood loss from 
these patients for the first tuo or three days, the hope being that it will stop 
spontaneousli Due to the fact that prolonged blood loss often results m a 
hemorrhagic phase associated with the anemia and reduction in concentration of 
the blood clotting constituents it is lery important that prompt and energetic 
measures be instituted earlj’ in hemophilic hemorrhages The first two days 
o&er the greatest chance of prompt stoppage of the bleeding Beyond this 
period great difficulty may be encountered and repeated blood transfusions 
required 

In handhng a hemophilic hemorrhage the first step is of course, the applica- 
tion of physical means of compression (packing, bandaging surgical ligations, 
etc ) to slou the blood loss as much as possible, but at the same time instituting 
those forms of treatment best adapted to increase the coagulability of the blood 
ilanj hemostatic and coagulant preparations haye been marketed for this 
purpose, a few of which are sometimes effectiye In general those preparations 
depending ouIa* on cephalin for their effectiyeness are not of much Aalue in 
hemophilia, while those contaming tissue fibrinogen, such as the lung, brain or 
other tissue extracts, are more useful, either when gnen oraUj or sub- 
cutaneously I personally faior the purified tissue fibrinogen rather than any 
of the crude tissue extracts If administered orally tissue fibrinogen should be 
giien in 3 to 5 c e doses (of a 1 5 per cent solution) in cold water on an empty 
stomach, preferably one-half hour before meals and at midnight This is neces- 
sary in order to approximate a continuous effect Subcutaneouslj' 1 to 2 c c 
doses should be giyen ei ery eight hours for a continuous effect In the beginning 
It IS yell to gne the injections CA'eiy tno hours for four mjeetions before going 
to the eight-hour schedule This giyes a maximum effect m a mimmum time 
Administration of the coagulant should be continued for at least twenti'-four 
hours after the bleeding has ceased These same principles of admmistration 
Mould hold for ani of the biologic coagulants in common use 

Other procedures also to be instituted at once include the administration of 
a high protein diet, as will be discussed later the induction of a local skin protein 
reaction, pronded the patient has been preAioush- sensitized and the subcu- 
taneous injection of 0 1 to 0 3 c c of adrenalin solution eiery four hours except 
in cases Aihere the bleeding is arterial In case a local skin protein reaction can 
be elicited this is usualK sufficient to stop the bleeding Avithout the use of tis- 
sue fibrinogen or adrenalin In CAcrv other case, lioweyer all the other pro- 
cedures prcAioush mentioned should be used promptlv and in conjunction so 
as to a\oid the greater difficulties that come Anth the prolonged blood loss 

In case the patient is seen for the first time ouU after he has been bleedino- 
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foi a irambci of dajs, then the procednie ahcad^ mentioned should be begun at 
once, but uith less hope of benefit In this case one should piepaie foi blood 
tiansfnsion as soon as possible Repeated tiansfusions arc often netessaiy at 
this stage, and should be used al\\ajs m eonpinction ■with the other procedures 
pienouslj mentioned One caution should be kept m mind, however Trans- 
fusion should not be pei formed on a patient within eight houis after a pievious 
dose of tissue fibiinogen since this coagulant tends to inteiisifj tlie tiansfnsion 
leactions that sometimes occur Tissue fibrinogen may be administered with 
safetj’, howeier within an honi after tlie tiansfnsion It seems to make little 
diffeicnce whethei the diiect oi the citiate method be used in perfoimiiig the 
tiansfusion This piocediuc, which is often a life saiiiig measure in the pro 
longed hemoirhages of hemophilia, is not pistified dm mg the first two dajs 
of bleeding Othei tieatment is nsualh effective dm mg this eailj stage and 
IS moie economical It is alwais atlvisable to keep tiansfnsion as a leseivc 
measure as long as possible, since the patient so often considers his condition 
moie critical when he Icains that the plnsician is planning to resort to 
tiansfusion 

Tieatment of hemophilic patients in a pi ophj lactic waj invohes seceral sep- 
al ate procedmes which are hcie detailed 

1 Sensitization to a foicign pioicin ofteis such an immediately effeetnc 
means of ti eating hcmoiihages when thej occni, and of pi eventing then occur- 
lence, that I gne it first place in piophylasis Tines=-' discovered this method, 
and Its effectiveness in increasing the coagulability of hemophilic blood has since 
been veiifled b} the wiitei'' and otlieis'’ If is eftective in such a laige per- 
centage of hemophiliacs that no plnsician handling these patients is 3 ustified m 
failme to make pioper use of it The technic is as follows The patient is 
sensitized to some foieign piotcm bi intiamuseulai injection, I prefer sheep or 
hen serum, since they liace practicallj no other theiapeutic use Three or four 
cubic centimeters oi the serum <iie injected intramuscularly aftei making certain 
that the patient is not alieadj sensitive to a drop administered mtiadermalh 
After the expiration of two iieeks, mtradermal iniection of a diop of the serum 
IS again made The formation of the usual niticaiial wheal denotes proper 
sensitivity, and studies of the blood coagulabilitj before and after the induction 
of the local reaction will show a marked improvement Not only is the clotting 
time much shortened, but one now finds the prothrombin to be much more 
nearlj normal in its reactions, especially towmrd cephalin Should the clotting 
time not shorten sufficiently after the first skin reaction, one may repeat the 
intraeutaneous injection for several succcssnc weeks in different skin areas Re 
peated local reactions do not tend to reduce the general sensiti% ity Avhich usually 
lasts for a year or more and w Inch maj be subsequently renew ed using the same 
or a different protein The production of a generalized sj stemic protein reaction 
is to be carefully avoided, since its effect is to produce a temporary hemorrhagic 
state w'hich might pio\e disastrous to tlie hemophilic patient Care should 
therefore be taken to make sure that the patient is not alreadj' sensitive to the 
seium to be iniected intramuscular Iv Likewise, it would be unfortunate if in- 
tended intradermal injections should be giien subcutaneouslj^ instead By 
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keeping all one’s liemoplnhc patients sensitne to some foieign protein at least 
during tlie time in life when then disease is most troublesome one alwavs has 
at hand an immediate^ efreetiie method of treatinsr heiiiori hages as the^ oc- 
cur And if one desiies to use the method for the preiention of bleeding one 
needs onli to induce the skin reactions as often as is indicated bv obsem ations of 
the blood coagulability 

2 The use of high piotcin did is an inipoitant adjunct m prophvlaxis as 
well as in treatment of the liemoi rhagcs It is definitely established that the ab- 
sorption of protein food from the intestine is accompanied bi an increased coagu- 
labihti of the blood so that the clotting time is usually slioitened by SO to 40 per 
cent for one to foui houis after each meal containing piotein ■ Use has been 
made of this fact in the tieatuient of hemorrhagic states with consideiable 
success-' It imolyes the administration of a moderate amount of protein in 
some form at each meal and the drinking of milk cocoa or egg nog between 
meals and at least once duiing the night In this way the protein eftect on blood 
coagulability is continuous and tends to be cumulatiye A high carbohydrate 
low protein diet has just the leyerse eftect on the blood and should be atoided in 
hemophilia There are practically no contraindications to this diet in hemo- 
phiha, so that use should always be made of it for prophylaxis oi treatment of 
hemorrhages fshould it gne use to too much intestinal putrefaction, relief can 
at once be obtained from the use of the followung prescription 

Kiohn 11 

Aq dost IV 

Svr Tolu q s id \ij 

M Sig One half ounce each evening for adults 
One drachm each evening for children 

3 Thcelni, the follicular hoimone now on the market, has been found by 
Birch" to be a era eftectiye in hemophiba TViedemer, in Cincinnati has had oc- 
casion recentla to aerifa the findings of Biich in this legard The techmc she 
has found most eftectiae in adolescent patients consists in subcutaneous injections 
of 1 c e of theelin (Parke Daais S. Compana ) eaera- second or third day tVitli- 
in two or thiee aaeeks the clotting time usualla has approached close to normal 
and can be kept theie by tavo injections a aveek. Daila- injections seem to be too 
frequent as the clotting time tends to rise In like manner aaeekla mteraals 
are too long There is no permanenca to the eftects since the clotting time 
prompth begins to mount once they are discontinued Coincident with the 
disappearance of the bleeding tendenca under theelm there usualla occurs an 
miproyement in nutrition aaith a gam in boda aaeiglit It is obanous that tln« 
treatment is not applicable for the arrest of an existing hemorrhage on account 
of the long latent period Its mam usefulness aaill be found m the preparation 
of these patients for tooth extraction or minor surgical procedures and for use 
when a p itieiit appears to be entering a hemorrhagic period Its usefulness maa 
of course bo cousidcrabla increased as our knowledge of it o-rows anth 
experience 

4 Impioicict m «,r inifnfmmd date of lieniopliilic patients is one step 
tint should alaaaas reciiao careful consideration in outlining a plan of treatment 
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Pioper diet should be piovided keeping in mind the piotein efteet Especial at- 
tention should be given to the vitamin content of the diet, paiticulailv the 
A'ltamin B content (old nomenclature) A good adjunct foi this puipose is the 
use of puiified vheat hearts, such as mai be obtained yci} cheaply iioni most 
milling companies Sueh a pioduct maj casilj' be incoiporated in the piepaia- 
tion of paneakes, biead, cooked breakfast cereals, etc It is pleasant to use and 
piovides an eeonomical supplj^ of inipoitant vitamins There are much more 
expensive piepaiations on the maiket 11111011 one may use foi this same puipose, 
if it IS desired Fuithei stimulation of the metabolism bi ultiaviolet light 01 
lieliotheiapy is helpful at times duiing the winter and spring months One’s 
etfort should be directed mainlv tow aid secuiing as nearly noimal phj'sical 
deielopment m these childien as is possible As then nutiitional state improves, 
so also does then bleeding tendency, in most instances 

5 Removal of foci of infections should receive caieful attention foi two 
leasons hist, because it will greatly aid in the desned nutiitional impioiement, 
and second on account of its 1 elation to the clnonic aithiitis so frequentlj pres- 
ent in these patients Carious teeth and infected loots form the greatest dangei 
111 this legaid The feai of hemorihage so often prevents these patients seeking 
or receiving proper dental care, with the result that advanced stages of infection 
and decaj are usually present It is altogether hkeh that it is these foci of in- 
fection, seeding into the heraoiihagic joints time aftei time, that prevent piopei 
recovery following each joint hemoirhagc and eientually lead to the bad de- 
formities so often seen With our present methods of piepaiing these patients 
for dental work, little difficultj should be encounteied in eradicating foci of 
infection from the mouth Infected sinuses should likewise leceiye piopei at- 
tention, although surgical operations on the sinuses 01 tonsils should still be 
undertaken wutli a gieat deal of caution, no matter how well prepared the patient 
maj appear Kestoiation of joint function becomes an oithopedic pioblem only 
after all endent foci of infection have been removed and the patient’s blood 
coagulabilitv bi ought as iieai to 1101 mal as is possible by the prenously described 
means 

One should bear in mind that the prophylactic measures outhned here do not 
conflict wuth one anothei, and niaj well be used in eonjunction, especiallj if any 
opeiative piocediiies are contemplated As previously stated, one need have 
little dread of hemophilia if the treatment measures given here are piopeily 
used Since the best of them are of very lecent application, more experience 
w^dl be necessary before one can be certain just how' completely these patients 
can be prepared for the surgical emergencies that at times arise 
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Piopei diet should be piovided, keeping m mind the pioteiii eftett Especial at- 
tention should be given to the vitanun content of the diet, paiticiilailj the 
vitamin B content (old nomenclature) A good adjunct tor this puipose is the 
use of puiified iiheat lieaits, such as may be obtained leiy cheaply from most 
milling companies Such a pioduct maj easilj' be mcorpoiated in the piepara- 
tion of pancakes, biead, cooked breakfast eeieals, etc It is pleasant to use and 
provides an economical supply ot important vitamins There are much more 
expensive prepaiations on the maiket 11111011 one may use foi this same puipose, 
it it IS desired Piuthei stimulation ot the metabolism b\ ultiaiiolet light or 
hehotheiapy is helpful at times duiuig the iiintei and spiing months One’s 
eftoit should be diiected mainlj toward securing as nearly normal phjsieal 
development in these childien as is possible As then nutiitional state improves 
so also does then bleeding tendency, in most instances 

5 Removal of foci of infection;> should receive earetul attention toi two 
leasons fiist, because it wull gieath- aid in the desiied nutiitional impiovement, 
and second, on account of its lelation to the chionic aithritis so frecpientlv pres- 
ent in these patients Carious teeth and intected roots foim the gieatest danger 
in this legal d The tear of hemoiihage so often prevents these patients seeking 
01 leceiMug propei dental caie, with the icsult that advanced stages of infection 
and decay are usuallj picsent It is altogethei likeh that it is these foci ot in- 
fection seeding into the hemoiihagic joints time aftei time, that prevent proper 
lecoveij tollowiug each joint hemoiihage and eventually lead to the bad de- 
foimities so otteu seen With oui piesent methods ot piepaiing these patients 
foi dental woik, httle difiBculty should be encounteied m eradicating foci of 
infection tiom the mouth Intected sinuses should lilcewise receive proper at- 
tention although suigieal operations on the sinuses or tonsils should still be 
uiidei taken with a gieat deal of caution, no matter how well piepaied the patient 
maj appeal Restoiation of joint function becomes an orthopedic problem only 
after all evident toci of infection have been lemoved and the patient’s blood 
coagulabilitv brought as near to 1101 nial as is possible by the pieviouslj described 
means 

One should bear m mind that the piophylactic measures outlined here do not 
conflict with one another, and may well be used in conjunction, especiallj if any 
opeiativ'e procedures are contemplated As prevuously stated, one need have 
little dread of hemophiha if the treatment measures given here are piopeily 
used Since the best of them aie ot veiy recent application, more expeiienee 
will be necessary before one can be certain just how completely these patients 
can be prepared for the surgical emergencies that at times arise 
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OINCE the epochal diseoveiy bj Ehilich‘ that blood biueais eoidd be stained 
with the analnie djes and the modification oi these stains bv Jennei,- Pap- 
penheiin,^ Romanowskv ‘ Gieiusa,- and Wiifrlit,® incieasin*' inteiest in the stained 
elements of the blood has been shown Pioin the jiioneei woik of these men 
theie has come an mcieasiiigr acciiiacj in the field ot clinical hematology 

The obiect of the piesent stiuh was to determine the dianietei of the gian- 
iilai elements ot the blood, and the noimal distiibution eiiive, to establish the 
mean av'eiage dianietei of these cells as seen in stained snieai’s to note the vaiia- 
tions fiom normal, and finallj' to see it anj' clinical application oi coirelation 
could be made oi these conclusions 

Cl edit ioi the diseoveiy of the white cell is geneiallv^ given to the English 
phj siologist. Hew son,' whose published woik appealed in 1771 Little note was 
taken of these cells howevei, until Schult/e® m 186n studied w aim-stage piepaia- 
tions, dilfeientiated the vaiioiis tvTies of white cells and gave us the fiist acciiiate 
ineasui enients of them It was about fifteen veais latei that Ehilich added 
immeasui eably to the vusta ot hematologv bv the use of aiialine dve stains toi 
the study of blood films 

In all the work lepoited in this papei smeais weie made upon eovei slips 
and stained with the familiai AViight’s stain plus a biiftei made of sodium and 
potassium phosphates as initiated by McJiinkin The eovei slips wcie mounted 
on slides with gum daniai and the actual lueasui enients vveie made bv iismg 
a filai niicioinetci evepieee The calibiatioii with the microscope diawtiibe at 
160 mm 1/12 mm Zeiss lens oil imniei'sion objective, was so standaidized that 
11 diuni divusious measiiied one niicioii, that is, each diiim division was equiva- 
lent to one-eleventh ot a micioii. Only those cells weie measuied which weie en- 
tiiely round, halo iiee, and had assumed the familiai “loiinded-up’ appeaiance 
in the film, those cells the outline ot which was oval oi othenvise distorted oi 
defoimed weie particiilaily avoided as were the edges ot the siueai where mal- 
formations ot the leiicocvte aie so often diseov'eied 

IMany aiithois giv'e vviiious figuies foi the size ot the granulocyte (see 
Table I) AViight" in Nelson’s jMedicine gives 9 to 12 niicions as the size ot the 
polymoiphonuclcai gi aiiiilocvde, no figure loi the eosinophile, and 8 to 10 
microns for the size ot the basophilic cell Jordaid” sav^s that the neutiophiles 
“lange in size from 7 5 /a to 10 yx in dianietei” and that the eosiiiophdes and 
basoplules are “slightlv smaller ” Maximow,” Bailey,’- Hallibiiitoii,”’ and 
others give various other figures None of these authors giv^e any method tor 
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aiming at these conclusions oi quote any lefeiences conteimng them Valuable 
refeiences aie to be tounil, houevei in article in Cowdiij’s Special 

Cytolofju, Hoebei, 1928 Bunting- states “Tlie lange of vaiiation in diametei 
(of neutioplnles) given bv Scliultze and commonlj accepted is from 9 to 12 ” 

Table I 


Si7r OP Granliociies is Repobted by Viriois Authors 


AUTHOa 

:neutbophiles 

FOSIVOPHILES 

BASOPHILES 

Bailej 

8 12 ^ 

12 14 pi 

8 10 B 

Barker 

9 12 ^ 

st larger 

8 10 pi 

Bunting 

9 12 >x 

10 12 pi 

8 10 pi 

Cummer 

9 12 ;x 

si larger 

8 10 pi 

Halliburton 

9 12 

12 15 ,1 

10 (X 

Jordan 

7 5 10 ;x 

si smallei 

si smaller 

Maximoiv 

10 12 pi 

12 ^ 

10 pi 

Ordwaj and Gorham 

9 12 ft 



Wnglit 

9 12 p, 


10 pi 


The present study has for its basis the measuiement of the diameters of 
one bundled OP inoio poljTUoiphonucleai giamiloc>tes m each of fifteen noinial 
individuals, this numbei being chosen m order to msme measuiement of a suffi- 
cient nuinhei to establish a normal Of these fifteen normals eight were men 
and seien were women These individuals weie unselected except foi geneial 
good health and no account was taken of age, size, oi body w'eight Naturally 
the figures obtained apply only in this climate 

It was found that theie is no distinct difference in diameter of cells ac- 
cording to sex The average diameter of the polymorphonucleai granulocytes 
for the series was 13 3 /x. None of the normals had a leucoci tosis or a leucopenia 
The diameter of many of the ceils found was greatei or less than the average 
diametei of 13 1 n, but in series tliei remain lemaikabh close to tins fignie and 
it mar be taken as a constant The smallest pol jnnoi phomicleai cells w-eie 8 8 
and 9 1 /i 111 diameter but only one specimen of each of these was found, eor- 
rcspondiiigly, cells of 15 fs. m diameter occurred seceial times but were distuicth' 
raie in smears of noimal blood 

The absolute spread ot these cells tlieiefore is from 8 8 to 15 8 n, but these 
guies aie outside the usual limits found and the gieat maiontj show little 
laiiation In tjpical distiibution cuices the cell diameters range horn 11 2 /x. to 
M and these lattei hguies aie used in the consti action ot distubution cuncs 
0 lepiescut the noimal lauations m diameter (see Chart 1) 

'ihe diamctci ot the noimal eosmoplnle m stained coiei slip pieparations 
sn.T,,ar™ 5 -'i«np of noimuls in ordci to count one liuncUed 

I be 14 3 ^ Tins is the .iveiagc diameter of 100 noimal 

s loplulcs and no smeai ot an eosinophdia was included The size nt- ii 
basoph.le ,s bascvl upon the measuiement of 25 normal sneum ns of f 
-11 and was toimd to be 13 2 ^ tor adults ot the senes Tim am 

,.7 „ .wTC,:,,:X 



944 


rHE JOURN \L or L.VBOK\.rOK\ iND CLI>.ICArj ■\IFDICIAI- 


It WAS thoijglit achisable to gne a figure loi the cliaiuetei ot the noiuial non- 
filaiiientous polyuioiphonucleai cell, since this has been tlie subject ot recent 
studies and to see that it did not laiy consistenth tiom the size of other polv- 
inoiphonucleai cells The average diainetei ol 100 such cells selected at random 
from normals nas found to be 13 0 /r 

The normal diameters tor leueoe>des ot this senes theietoie are as follows 
polymorphonuclear granirlocjTes 131 cosurophiles 14 3 and basoplnles 
13 2 ft, these are accepted as constants in oidci to compare with the diameters of 
the cells measured in the abnormal conditions to tollow 

The first ot these conditions in which the diameter of the granulocyte was 
measured was Icutonjto'tis Live cases were clioseir at landoni Thev represent 
some of the or dinar y conditions in wlrielr weha\e come to expect an eleration of 
the leucoccdes to occur and represent leiicocvtosis in raijnig derriees languig 
tiom a moderate elevatron ot 9 700 to that ot a rather ser ci e degree, 45 000 white 
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cells In these conditions the polyiriorplioniicleai cell was present in piedoiiu- 
nance, 82 per cent to 96 per cent (Table II) 


Table II 

Diameter of Poltmorpiionucleab Giuxulocytes ix Leococttosis 


CASE 

DIAGNOSIS 

LEUCOCYTOSIS 

DIAMETER 

1 

Infectious artliritis 

17,000 

13 5 ^ 

2 

Smwsitis 

20,000 

13 l;t 

3 

Pr ehtis 

25,000 

13 l;i 

4 

Bronchopiieumonn. 

33,000 

13 0*1 

5 

Lobnr pneumoma 

45,000 

12 Sm 


The average diameter of the polvniorphoriticleai cell nr these conditions rs 
13 0 /t w'hrch is so close to the normal figuie as to be without significance One 
W'ould believe, theietoie, that stmurlation of the bone marrow in the cristomaij 
degree causes no appreciable change in the diameter of the gianuloejtes no mat- 
ter how rapidly tlrej’^ are added to the blood stream 

The second abnormal condition to be investigated was leucopenia In one 
case ill which the total white count w'as 2,300 cells resulting from multiple 
abscess formation the average white cell diameter was nearly normal, 127 ft 
Three cases of malaria nr wlrielr the total counts were 1600, 1,700, and 2 300 
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Mhite blood cells lespectively had aveiage cell diameters consideiably below the 
noimal figure, the fiist being 11 6 /*, the second 11 5 jx, and the thud 11 3 /i A 
case in "which the total white cell count Avas 500 was seen in a condition Avhich le- 
senibled malignant neutropenia, but too feiv cells Aveie observed to make proper 
measuiements and no othei suitable case has been seen Although furthei work 
must be done on the gioup of leucopenias, nevertheless, one might justifiablj 
reach the conclusion that depression of the bone marroAV results in the production 
of a granulocyte of somewhat smaller diameter than noimal, especially as seen 
in malaria The leucopenia accompanying pernicious anemia aviU be considered 
later 

The third abnormal condition to be studied ivas j^olycytheima veia Re- 
cently some interesting woik has been done by Cross^*' on the Avhite cells m this 
condition The diameter of the white cells A\as measured in three cases at this 
Clinic All these cases showed an increase m led blood corpuscles and hemo- 
globin, and an increased blood volume ivas found by actual measurement The 
aveiage diameter of the polATUorphonucledr Avhite cells Avas found to be 13 1 /x., 
nor did it vary fiom tins although the number of Avhite cells ranged betiveen 
8,500 and 20,900 No case in Avliieh a marked leucopenia Avas present Avas at 
hand for study 

Fourth, the white cell diametei in the condition "which is commonly desig- 
nated simple achlorhydi ic anemia was investigated In studies in five typical 
cases no significant change from the normal Avas noted This result might have 
been predicted inasmuch as the pathologic physiology in this condition seems to 
concern hemoglobin anabolism lather than bone marrow deficiency 

Fifth, in addition to the three eases of polycvthemia vera shoAving varia- 
tion 111 the diameter of the red blood corpuscles, one case of hepatic disease Avas 
seen Aihicli shoAved a maiked megalocytosis and the diameter of the Avhite blood 
cells A\as accordingly measured Here again, hoAvever, no change fiom the av- 
erage diameter of 13 1 (x a\ as found 

Hence, it maA^ be seen that the diameter of the Avhite blood cells is a very 
stable measurement and in practically all the above pathologic conditions, Avitli 
the exception oi malarial leucopenia, no change in diametei could be found It 
might be added at this point that the nnmbei of lobules of the nucleus seems to 
beai no relation to the diameter of the cells m any of the measuiements 
eiKouiiteied 

Sixth, eases of pernicious anemia were studied both befoie and aftei tieat- 
iiKut AMth a view to establishing whethei the Aaiiations in sue Avlnch tlie red 
blood cells aie knoAvn to undergo might be paralleled in the nhite blood cells 
Routine measuiements Aveie made in the case of patients as they presented 
themsthes at the Chuic Tliei Avere all sufteung trom Aaiious giades of anemia 
and all shoA\cd some depiessiou ot then hemopoietic actiAities, hence all the 
measuiements in the begniiiiiig were actually made on leucopemas The Avhite 
blood cell coimt langcd from a total ot 1 600 cells up to 2,500 cells In ten 
f'lmal cases it was tound that the diametei of the pobmioi phonnclcai xrmnu- 
locAte was maikedlA lucreascd, 14 0 /x This increase is striking in somr cases 
IS mdiAidual cells ot IT i ,x to IS 0 ;x in diameter were not imcommonh obstrAcd 
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Tlieie aie, liowevei, cells ot gie.itlj clnuinished cliametei, as ot 8 5 to 9 0 
Thus the spiead ot A\hite blood cells in peiiiicioiis anemia is (piite'i\ide (bioad 
base to the distubution ciiive) langing tioin 8 1 /x to 18 0 These vaiiations 
aie sho\\n giaphically m Cliait 1 

Five cases of pernicious aiieniia weie studied both befoie and aftei the led 
blood cell count and hemoglobin had iiseu fioni quite a Ion figuie to appioM- 

T VBLE III 


Aieraqe Diameter oe White Bloqd Cells iv Pernicious Anemia 



CASE 

UFIORE TREATMENT 

\FTEIl TREATMENT 


1 

14 3,t 

13 1ft 



13 8^ 

13 1ft 


3 

14 2^ 

13 4ft 


4 

14 0^ 

12 8 ft 


0 

UOji 

13 3 ft 



AlLMgCS 14 0 ft 

131ft 


PEFlNiaoUS AMEMIA 

dRANULOCYTES 
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• •• 

• • • 

• » 

« • 
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♦ • * 

• • • • # 

•• 

# » • • • • • 

• • • » # • • 

« • » # • • • 

• • • • • 4 4 

4 4 4 0 4 4 4 4 

4 4 4 4 0 4 4 4 4 4 

• • •• • • 
• * • • 

« • • • • 

« • • 

• • • 

• • • « • 
• • • • • 
• • • • 

• 

• 
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444 4 4 

44 4 

444 4 4 

4 44 4 4 

• ««• • 4 4 

• ••• • 

• • 

444 4 

44 4 

44 44 

4 0 4 

ATTER 

TREATMEISIT 


\ j .1 — — 1 I J- 

9 :to ii 14 15 16 17 

CE.L1. DXA^aET£lRl^J^llG£10^55 

Chart 2 


mately noimal (Table III) The nliite cells veie found to be laige at firet, as- 
eiaging 14 0 /x in diametei but leturned to then noimal tiguie vheu impiONe- 
inent had occuiied This condition of the white cells has been discoveied onlj 
in tiue Addisonian anemia and not in anv othei tjqie of disease so fai en- 
eounteied xVlthough this inciease in the diametei of white cells, megalopol}'- 
cytosis, does not seem gieat, it is pieseut in all the eases studied and will pei- 
haps constitute anotliei factoi in enabling us to iiiidei stand this malady and 
perhaps thiow' some light upon what oceiiis in a i emission This change fiom 
abnoimal (incieasedl diameter to noimal is showm giaphically in one case in 
Chait 2 
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SUAIAIAUY AND CONCLUSIONS 

Measurement of the clwmetei of white blood cells in stained blood films in 
the case of fifteen noinial adults slious the mean aveiage diameter of the cells 
to be 13 1 ^ foi polMUOiphomicleais 14 3/1 foi eosmophiles and 13 2 /i foi 
basophiles I’liese figuies aie iiell above the commonly ciuoted normals which 
seem to be based upon the uoik done by Schultze in 1865 Foi conipaiative 
studies on changing uhite cell diameteis these figures may be (onsideied as 
constants 

The variation in diametei (spread) of the normal polvmorphoiiucleai 
granulocyte is uithin the limits of from 11 6 /i to 14 6 /i iisuallj’’ Contiaiy to 
tins, pernicious anemia is accompanied by a granulocyte of largei diametei 
than 1101 mal and the spread in distnbutioii curves of untieated cases is greatly 
increased, ranging from 8 5 /i to 18 0 g foi polymorplionucleai cells Dm mg 
a remission these cells retiuii to their normal diameter 

Significant vaiiations from the iioiraal white cell diameter occur only in 
certain abnoimal blood states and no change is found m the ordinary Icricocjdosis 
or leucopenra 

Variations of rather marked degiee do occur, hovever, vhen there is 
marked depression of the bone marrow as in the leucopenra accompanying 
malaria and pemieious anemia 

No explanation for these phenomena is offered at this time 
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EDITORIAL 


The March of Hematology 

J OHN HUNTERS lu Ins Tieatise on the Blood, lemaiked that the eaily obseit- 
eis of the blood cells “piobably imagined moie than tliej saw ” Hiiutei’s 
book testifies as to the seaiit know ledge of the blood in his time, since his discus- 
sions centeied laigely aioiind the coagulation, the bufty coat, the cause of the 
diffeience in coloi of venous and aiteiial blood and siiuilai topics The develop- 
ment of hematology as w'e now know it began m the middle of the nineteenth 
centuiy when Vieioidt,- in 1851, firet enunieiated the eijdhiocites and thus 
stimulated w'oik in blood counting The oiigiual ciude and laboiious methods 
were lapidly impioved so that the counting of cells soon became a clinical 
pioceduie Malassez’^ monogiaph on the enumeiation of the led cells appeared 
in 1873 The counting chaiubei devised by Goweis^ in 1877, leraained the 
standard until lecent years 

Hemoglobin was diseoveied and isolated in eustalline toim b} Fiwke- in 
1851, and Welchei“ in 1854 made the fii-st clinical estimation of hemoglobin bj 

94S 
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eonipanng a fixed dilution, of the uiikuoMn blood uith dilutions of noimal blood 
Intel est m henioglobiii iias uidespiead and quite complete analyses of hemo- 
globin crystals soon iieie made Accurate knoii ledge of hemoglobin is due 
largely to the early uork of Hoppe-Seylei’^ Mho showed that hemoglobin com- 
bines with oxygen m the lungs to form oxyhemoglobin uhich in turn gives 
up the oxj''gen in the tissues again to form hemoglobin He thus identified the 
fundamental importance of the blood pigments in tissue metabolism Pi ever s® 
ntonogiaph on the blood pigments appeared in 1871 The first monograph on 
ehmcal hemoglobmometry by Leiehteustern® ivas published in 1878 and a num- 
ber of hemoglobinometers neie suggested before 1880 

With the development of accurate methods for the counting of the blood 
cells and the determination of hemoglobin, clinical applications weie made 
quickly In 1864, 'Welchei,!'’ a student of Vieiordt’s, mote a very compiehensive 
article on the “size, the number, the volume, the surface, and the color of the 
blood corpuscles of man and animals ’ ’ The first clinical hematology hy Hayem’^ 
appeared in 1878 Soon aftemards, (1883) Laache’s*- classic monograph on 
anemia uas published The names of Vieroidt, Welchei, Hoppe-Seyler, Malassez, 
Hayem, and Goners are closely identified cvith the discovery of the funda- 
mentals of hematology 

The next important development nas the intioduction of Ehrlich’s'® method 
foi staining blood film ivith analm dyes This opened an entirely neu field 
foi investigation of the blood and made possible the morphologic study of the 
different types of cells The final chapter in the development of fundamental 
methods foi blood study was Hedin’s*'* suggestion concerning the use of centiif- 
tigal force to separate cells and plasma m the hematocrit 

Since then many neiv lehnements m blood study have been and still are 
being added We nov constantly use reticulocyte counts, determine the bile 
pigments, utilize knou ledge concerning the embryology of tbe blood, measure 
tells, differentiate cells by supiavital, oxidase and many other stains, and employ 
numerous procedures almost routinely m the study of blood Any knoun blood 
dvsciasia can be most carefullv investigated from tbe laboratory standpoint, if 
one but uses the measures now available 

In no field of medicine today is more intensive im estigation being made oi 
is moic lapul progress resulting than in the acquisition of neu knoudcdge eou- 
eeining normal and pathologic conditions of the blood The medical ^oninals 
contain inanj ai tides on every phase of the subject and mans papeis are con- 
tiibuted to the piogiams of the vaiious societies This added interest is due 
m laige mcasuie to impiosements in methods of treatment of the anemias and 
of othei blood diseases foi uhich ciedit is due largeh to Whipple and to Minot 
ami ^luipln ;Much lemains to be done The leucemias and some othei blood 
ibscrasias continue a challenge in icgaid to treatment E\er\ uorkei m this 
impoit mt field, houe\ei can uell be proud of the maich ot beinatologi 
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CORRESPONDENCE 


De ir Sir 

In nij papci on Eaetenopliige in Clinical Medicine nliieh appe ired in tlie April number 
of the Jouruil of Libor iton ind Clime d Medieiiie, I in ide the following st dement 

“The earh experiments of d’Herelle with foul tiphoid were not sufficienth extensive 
to be conclusiie His later work with b irboiie in buffaloes w is ipp ireiith s itisfaetori al 
though Cowles ind Hale make the stiteineiit tint m i personal eommume dioii d’Herelle 
eliims the opposite ’’ 

This statement is misleading since the work to which Cowles ind H lie referred con 
cerned theripeutie ipplication, the results of which had not been published oivuig to the 
sm ill nuinbei of auim ds concerned The work which d’Herelle reported eoneerued immunizi 
tion of buffaloes uid it has been aiuph confirmed be LeLouet Heuee, there h is been no 
change in the published papers of d’Herelle on this subjeet is w is implied in ma st iteniout 
I would greith appieei ite it if aou could find spaee for this eorreetion in a forthiom 
ing number of the Journal, dso for the statement ot mv regret) th it there should haae been i 
misunderstanding on nij part of the st itenient of Cowles and Hale 

(Signed) X IV LiRKuai 
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STUDIES ON THE STRUCTURE AND FUNCTION OB BONE IMARROV 

I O. THE AED CoN,.»E»AT.OH OP JtoOO 

fob EXAMINA.T10X 


R P Custer, M D , Phil.s.delphi v, Pa 


'pHERE IS perhaps less consistencj m the studj of the bone marrow than of 

i any other tissue of the bocl> lemoved at autopsy foi the 
the hemolytopoietic system This is especially unfoitunate and probably lesiUts 
iiom the difficulties encounteied in leraoAal and pieparatioii Not only is 
tissue scattered mdespread throughout the body and encased in a bony cuyelope 
that IS difficult to lemoye, often necessitating an extra body incision but as wi 
be shoivn later, its eellulai state yaiies (moie than anj othei tissue) in diffeieut 
localities, both in diffeient bones and at diffeient lecels of the same bone , even a 
single cross section at a given level shows wide niconsistenev losa examina ion 
IS often fallacious in that congestion oi hemoiihage mav be indistinguishable 
from hemopoietic cellular hvpeiplasia There is thus a considerable need for a 

standaidized method of bone inaiiow study 

That the niaiiow has not been studied either sufficiently or efficiently dm nig 
the course ot routine autopsj woik is shown b\ an analysis of the postmoitein 
soil ices ot two teaching hospitals in this eitc Dm mg the veais 1927, 1928, and 
1929, 2bl8 autopsies were peitoiiiied In tins senes, the bone maiiow was e\- 
•uiuiiccl IT tunes, oi in 1 7 per cent ot eases In 25 ot these, the niairow' ot but 
one bone was obsciied , scieial instances siniph giossL Poi the most part the 
histologic descriptions meielj conhiinecl the gioss diagnosis ot hcpciplasia oi 
iioiuiahtc, no mention ot cvtologc benmiiiade Lxaiuniation ot the slides showed 
that in main cases cjtologic detail was extiemelv poor 

•Ir.im iliL Dviij-rtm iit i>t P-ilholoGl “f U>>- '■iliool of Mftliclno Lm\(.rslts of Ptniis\l\ imj. 
out Tho UiborUorks of tin. 1 liU idtlplil i Gi,m.ril Hospinl l’lula.l<.li>lila 
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It lb a well-lmoivn tact that dining eall^ cluldliood the nxaiioiv ot piaetieally 
all of the bones is ot the cellulai tjpe and that this condition peisists in the 
^eltehlae, ribs, stcinum, bones of the skull, and os iniiomniatuni, and to some ex- 
tent in the pioxinial epiphj'ses of the teniiii and humeius, throughout hfe 



Fig 1 — Characteristic bone marrow in pernicious anemia 4 left humerus B sternum 
C, right clavicle D right fifth nb E right radius F, left tibia G right femur (The red of 
the hyperplastic marrow is here reproduced in black) (Photographic reproduction of a color 
plate appearing in ‘ Pernicious Anaemia and Aplastic Anaemia bj Artliur Sheard througn 
courtesy of William Wood and Company American publishers ) 

(Neumanid) Undei noinial conditions tlie shafts of the long bones assume the 
piedominantly fattj and neaily acellulai type of maiiow beginning at the fifth 
to seventh yeai and beconung complete about the eighteenth yeai This fat tis 
sue, howevei, is m an extiemely labile state and is capable of qiute lapid replace- 
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meut by hemopoietic elements, beginning usually at the margin of the myeloid 
cavity and extending to the eeiitei as the need aiises I have observed in pigeons 
undei expeiimental conditions the metamoiphosis fiom an almost completeh 
tatty mariow to a totally cellulai maiiow in the couise ot two days I have seen 



irsl&a 

clop vkTtml?\na ^ “pi>'nosPphlc''‘rcpVo"u'!luon of a cSlor ’puS^an^ nRlU^Uh ^rib 
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tive ot tins fact Fig 1 pictuies the inoie usual Inicliugs m an untieated ease 
sometimes e\en a moie solidly cellulai niaiiow being tound m the tibia and 
ladius than is shoivn heie In contiast, Fig 2 pieseiits the maiioiv lioni a paial- 
lel case mtli equal need loi blood cells in ■which the entiie tibia and many lei els 



Fig- 3 — Bone mniiow in secondary anemia ShOA\ins. wide \arlatlon In hjperplasia 
of the femoral marrou at different levels and parts of the cross-section (Photographic 
reproduction of a color drawing ) 


ot the otliei bones aie neaily aeellulai Had the tibia oi the distal end of the 
femoial shaft alone been examined in this ease, an eiioneous conclusion would 
have been leached, perhaps tliiowiiig the case into the categoij ot the aplastic 
anemias Siiipiisingly, m the lattei case, the pioxmial epiplyses ot tlie humeius 
and femui, noimallv cellulai, aie seen giosslj to be aplastic, this finding havmg 
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been coufiimed histologically Fig 3 (anthox ’s case) shows the tjTpical iiregu- 
lantj of disUibwtion ot blood-foiiiung tissue m secondary anemia of moderate 
grade Fig -i, a low-powei photogiaph of a longitudinal section of feinoial mar- 
low from a case of carcinomatosis with cachexia, pictuies an abiupt line of de- 
marcation between an 80 pei cent hyperplastic marrow and a gelatinous 
degeneration 

Stmmia,^ in a lepoit of seveial eases of myelogenous leueemia, has made 
pertinent obsei rations on this question In one of his cases “the bone marrow 
of both tibiae, upper and lowei portions, was yellow, fatty, and contained spongj^ 
bone It appealed altogethei as nontunctionmg adult bone marrow The mal- 
low of the bones of both feet was identical in stiueture and appearance with the 
bone 'marrow of the tibia The bone maiiow of the femur and of the sternum 
was red and gelatinous ivith few hemorrhagic points ’’ CaiefuUy prepared sec- 
tions and smeais of each of these bones showed those appearing giossly fatty to 
have few cells grouped m small foci, while the femiu and sternum were hypei- 



Fig 4 — Longitudinal section of femoral marrow (x4 5 ) From a case of car- 
cinomatosis with cachexia showing an abrupt line of demarcation between an 80 per cent 
^JPerplasia and gelatinous degeneration 


plastic Differential counts showed appioximately the same peicentages in each 
bone SUunua states fuithei, “Aplastic bone mar low in the tibia accompanied 
by hyperplastic changes in othei bones has been obseived by the authoi m a long 
senes of cases including all foinis of anenua, acute and chionic leueemia, and 
acute and cluonic inflammatory pioeesses, especially sepsis, accompanied bi pio- 
fouud changes ot the blood picture It appeals, theiefoie, that the bone maiiow 
ot the tibia is a pooi index of the geneial conditions of the bone maiiow Since 
the bone maiiow of the tibia is leadily accessible, it has been often depended 
upon at autopsies to indicate the geneial condition of the bone maiiow, a piac- 
tice nhich should be discontinued ” 

Conhimatiye ot this lattei obseication by Stiumia aie photomiciogiaphs 
tihciv from, one oi oni recent cases (Figs o to 9 inclusne), a case of haeteiial 
endocarditis nith maiked secoudair anemia Paitieularly stiilang is the dit- 
ferouce in cellul.uitj betnoeii tno le\els of the temui 1 centimeter distant tioni 
each other Hemopoietic tissue ni the tibia is nonexistent The stemnm and rib 
enh show an inci eased eellulaiitc osei then noimal adult state 

The mconsisteiKs in tlie tissue itseli should be sufficient indication foi a 
<•1101111 and uimoriii technic md a siu\cr ot niou than one bone On the con- 
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tiaiy ho^\e^el, CNcept wlieu peifoiiiietl by those noikeis eaiiyim^ out special 
studies on the bone maiiow, the leveise is too ottcu the case Foi example, the 
tissue selected ioi stud.y bv inanj- pathologists is lemoied at landom tiom’any 
one comenient bone, peihaps the tibia on account oi its aiailabihty Oiten one 
notes m piotoeols tliat the bone used is not eieii mentioned Fixation in 10 pei 
cent unneutialized foiniol is usual The piesencc ot bone spicules makes it iieces- 
saiA to subject the tissue to destiuetne decalcification The maiiow is then em- 
bedded 111 paiaffin, cut at too gieat a thickness, and stained with hematoxjhn and 
eosin Consequentlj , the sections aie unsatisiactoij foi studi and otten mean- 
ingless Disappointing lesults iiatuially lead to a neglect of the tissue 
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Figs 5 and S — Bone marrow from case of bacterial endocarditis, showing almost complete 
cellularitj Fig 5 — Rib marrow Fig 6 — Sternal marrow 

METHODS 

The technic that has been louud most satisfactoiy and that is pioduetiie oi 
most unifonn lesults is outlined in lathei briei foim as follows 

Kemoval of Tissue — If but one specimen ot maiiow is to be taken, the nud- 
femui IS the bone ot choice Expose the iiiidpoition ot the sliaft through a 
hoiseshoe incision, through slim, fascia, and muscle, make parallel sau cuts half- 
way tluough the bone about thiee inches apait, and chisel oft the eoitex between 
the two cuts (being caieful not to bieak the bone eompletelj^ thiough) The mar- 
low cavity is thus exposed and the pencil ot maiiow may be lifted out intact 
with a gouge oi similailv euived insliinneiit This vill gi'e sufficient tissue for 
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both cioss and longitudinal sections thiough the maiiow The portion selected 
for fixation and embedding should be fiee of bone spicules if possible hlaiioiv 
fiomthe tibia may be lemoved in a similar mannei fiom the middle of the shaft, 
although the piece need not be so laige The stcinum specimen should be taken 
through the gladiolus between tiaiisieise cuts not over five millimeteis apart 
Care must be exercised in taking nb niaiiow, as undue pressure on the bone will 
squeeze the tissue fiom the mxeloid eaxitj It is best to cut a piece of the iib 



Fig 7 — Tlbial marrow The clumps of cells are adult erythrocytes within dilated hlood 

channels 
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fi\e to seven nulliineteis in length vitli a tine hack-saw and section the bone in- 
tact A thin w^edge of a Innibai ceitebial bodN nia's be lemoved without 
difficulty 

Fixation — This step is ot gieat impoitanee and it is iiiipeiative to lia\e the 
tissue iemo\ed as soon attei death as possible (w'lthin eighteen houis the fine 
cell stiuctuies niaj be lost and the best lesults can be expected only if the inai- 
low IS obtained within eight horns) The fixation ot an^ hemopoietic tissue is 
most pel feet m Zenkei-toimol solution, composed of nine paits of fleshly pie- 
paied Zeiikei ’s solution (without acetic acid) to which one pait of neutial foimol 
(40 pel cent foimaldehyde oiei magnesium caibonate) is added within one-halt 
horn aftei the tissue has been placed in the Zenker’s solution Pixatiou should 
extend over foiu to twehe hoius follow ed be twehe to twenti-foiii houis wash- 
ing in luuning watei " 

Dccalcificatwn — Dlaiiow fioni the steinnm, iib, leitebia, and occasioiiallj 
fiom the tibia must be light! c decalcified Foi good pieservation of cell struc- 
tuie this IS best earned out in a inixtuie ot ecjual paits of an 85 per cent aqueous 
solution ot ioimic acid and a 20 pei cent aqueous solution ot sodium citiate 
Twehe to twenty -font houis is usually sufficient time to decalcify cancellous 
bone, the coitex ot which Ins been tiimmed away Decalc ifieation with 5 pei cent 
potassium bichiomate gnes excellent lesults but the pioccss often requiies se\- 
eial weeks If this method is used, the solution should not be changed iiioie than 
once The tissue must be w'ashed w'ell in lunning watei aftei deealeificatiou 

Dehijdi ation — The tissue is earned thiongh giaded alcohols, beginning wnth 
65 pel cent and passing thiough SO, 90, 95 pez cent, absolute (two changes) and 
ecpial paits of absolute alcohol and ethei The fiist two contain iodine to dis- 
sohe the meieuiie bichloiide ot the hxatne and the last two must stand in a 
desiceatoi oiei anhjdious coppei sulphate to lusuie peitect dehydi ation 

Embedding — Celloidin is by all means the best, as most ot the cell sbiinkage 
IS aioided The method cleseiibed by Addison in ‘Pieisol s Koimal Histology’ * 

IS most satisfactoiy Paiaffin max be used and quite good sections obtained, al- 
though cytoplasmic detail is not so xvell pieseixed as xnth celloidm To cut thin 
sections xvith ceUoidm, an anh-sdious teehnie must be stiietlx obseix'ed in the 
piepaiation of the mateiials, otheiwise, the celloidin wall be lubbeij^ and impos- 
sible to section at less than eight nucious thickness j 

Staining — A xmiiety ot staining methods die axailable, ot xvhich the azuill- 
eosiii IS most consistently good Stiuetuial detail ot nucleus and c 3 'toplasm 
bi ought out cleailj’^ bj this stain is quite lost in piepaiations stained xvith hema- 
toxx lin-eosiu Details ot the method max’’ be tonud in ^IcCluiig s 'Alicioscopieal 
Technique A modification of the Elleimami method deseiibed by Kichtei'* 
gix'es beautiful results, hut it is moie difficult and less consistent The eosin- 


♦The stains recommended are not applicable to formol-fi 2 >.ed tissue This may be remedied 
in part bj soaking the cut sections in acetic-free Zenker s solution for about tnel\e hours uie 
sections should bo washed in running \\ iter for se\eral hours and transferred Uirough two 
iieak solutions of iodine in alcohol finallj thiough se\eral changes of do per cent alcohol to 

1 emove^ of tlie tissue should be done at a thickness of 4 microns m paraffin ^ ^ 

in celloidin The sections must be mounted on albuminized slides from the 1 nife and tlie cel- 

loidin remoied before staining Transfer the mounted secUon through the following soIuUons 
05 per cent alcohol iMth iodine (2 changes) 95 per cent alcohol (2 changes) absolute alcohol 
absolute alcohol and ether (eaual parts) 9o per cent alcohol SO per cent alcohol 60 per cent 
Tlcohol 30 per cent alcohol iter (3 changes) stain , , ^ x i * 

♦•Azurll as prepared b> the N itional A-iilline and Chemical Companj is best 
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metbylene blue staiu is quite good Sections stained with Wiight s blood stain 
01 Pappenheim’s modification of the May-Giunewald-Gienisa stain aie ciuitc 
satisfactoi-v 

Mounting —RicUei has stated that eupaiol-mounted piepaiations are moie 
peimanent than those mounted in balsam, the a/ui having less tendencj’’ to fade 
We have fomid neutial balsam quite satisf actoi y, howevei, and foi oidmaiy 
ft oik recommend its use Gum damai is also good 

Siipiaiital Fi epai ations —T:\vi cells of the bone mauow survive foi six oi 
seien houis aftei death and can be studied by the supiavital staining technic 
dm mg this time A piece of the tissue of about the size of two pinheads is cut 
with fine culled scissois and caiefully tiansieiiod to the cover-slip which has 
been prepared with iital stain aecoiding to the technic of Sabin ^ The tissue 
must not be handled with foi ceps Apph the slip to a slide with very gentle 
pressure until the tissue is flattened out Examination of the mam piece allows 
the tissue between the fat cells to be analyzed, while the free cells along the edges 
peimit of a diffeiential count 

Teased Piepaiahons — ^Motility of the marrow cells can be observed in 
teased pieparations made soon after death A tmy bit of maiiow from the iib, 
the size of a pinhead, is squeezed out into a drop of blood serum on a eovei-slip 
and imxed gently The slip is imerted into the chamber of a hanging-diop slide 
and the sbde transferred promptly to a waim-stage microscope Cell types are 
difficult to identify m these piepaiatious Larger amounts of the marrow may 
be teased out of the rib, mixed with blood seium menstruum, and smeais made 
m a fashion siimlai to blood smeai preparations This should be fixed before 
drying and stained either as a blood smear or as a tissue section 

SUMJIARX \.ND CONCLUSIONS 

1 The bone marrow as a tissue presents unusual difficulties for study, par 
ticulaily due to its delicacy, complexity, inaccessibibtv, and wide distribution 
Its cellular state vai les widely in different bones, different levels of the same bone 
and different areas of a cross-seetion through a given level 

2 The bone marrow in diseases ot the hemolytopoietic sj stem has hithei to 
been more often haphazardly studied than otherwise 

3 A method is presented, the use of which wull result in gieatei accuracy 
and consistency in study of the bone marrow 

•I It is hoped that studs of the bone marrow by pathologists conducting a 
loutiiie autopsy' seiMce will make aiailable moie data i elating to diseases of the 
hemolytopoietic system 

I am indebted to ilr B B Varian of tlie Dciiartmcnt of Xnatoun for assistance m de 
'Uopini; adtiimtc niicrostoinc ttclmic 
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STUDIES ON THE STRUCTURE AND FUNCTION OP BONE :\L\RROW 


II Variations ix Cei luluVrity in Various Boxes With Advvxcixg Years of 
Lite and Their REiATira Rispoxsf to Stimuii* 


R P Custer, HD, and Feorence E Aheifedt, M D , Philadelphia, Pa 


TN A pievious papei, attention iias called to the fact that stud} of the bone 
max low should not be confined to a sample lemoved fiom a single bone The 
tibia, femiu, iib, sternum and aeitebia, as a gioiip, Aveie suggested as pieferable 
bones foi maiiow stiidA' In the eACiit that such an extensue suiveir was not con- 
sideied necessai} in an individual case, the temiir and aeitebia aieie lecoui- 
mended as the choice bones toi e\anunation, the toimei to deteimine the i espouse 
of the blood-foiining oigans to stimulation, by metamoiTihosis from fatty to led 
maiioAV, the lattei to study the cell content 

To establish a loiigh base line for expectant celliilaiity at a giien age and to 
deterimne the lelative lesponse ot the inaiioM of the vaiious bones m the tace ot 
stimulation, the tibia, teiiiur, iib, steiniim and veitebia weie obseiied in a senes 
of one hiindicd cases, the lesults bemg shoAini giaphicaU} on the appended chait 
Obmously this can lepiesent onl}' an appio\miate lesult , luidei no ciieumstaiiees 
can it be applied ivith inatheinatieal accmacy to a giien ease The niimbei of 
cases studied in each decade ot life aie noted in Table I 

Table I 

Age Distribution Based o\ S3 op the Cases 


Under 1 month 7 

1 month to 1 a ear 11 

1 year to 10 vears 9 

10 years to 20 years 4 

20 3 ears to 30 sears 5 

30 years to 40 years •) 

40 tears to 50 tears 6 

50 Tears to 60 jears 13 

60 tears to 70 jiars 12 

70 years to SO jears, 6 

SO tears to 90 vtars 1 


CONCLUSIONS 

1 Study of the tibia, femin, iib, steiiium and teitebia ui 100 imseleeted 
cases shows that the cellulaiitt of these maiiotts deei eases tntli adtancmg teais 
of Me, the deciease coiiespondiiig in lapiditt to the oidei named The i espouse 

^rom Oie Department of PatholOB> UnltersUv of Pennttlt in.a School of Medicine and 
the Ditision of Pathologj ot On. Ihiladelphia General Hospital 
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of these manows to a hemopoietic stimulus of a given mtensit-i is in imeise 
order, except m the case of the femur, which appeals more labile than the rib 

2 Bone maiiow taken for histologic study at biopsy oi necropsy should be 
selected ivith these points m mind 

3 The previously expressed opinion that the mid-femui is the best single 
marrow and that femur and vertebra are the best combination for study is 
confirmed The sternum is the most suitable bone tor biopsy 

REFERFXCE 
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A NEUTROPHILIC CIRAPH® 


Robert J Needles, M D , Detroit, High 

/^UR present Iniowledge of the blood picture in health and disease is, at best 
none too complete, it is geneiousi}’- spotted ruth areas of conjeetuie Be- 
cause of this, any ai tide attempting to deal with the entire field of infection and 
its effect on the blood would, of necessity, be in the natuie of a toiecast and not 
a statement of facts It is felt, houevei, that chnicmns have not leahzed the im- 
poitance of a complete neutiophilie difteientmtion by one method oi anotliei 
It is the purpose of this paper to add to the literature a new senes of complete 
neutrophilic differential counts, to gire further indication of how such a nucleai 
paitition may be of help in diagnosLS and piognosis and to piesent a new method 
of giaphic repiesentatiou of the peicentage of neutioplules of diffeient age 
gioups as they appeal in the difteieiitial count 

Since Aineth, m 1904,* fiist demonstrated the clmical significance ot the 
diffeient nucleai foims of the polyraoiphomieleai neutiophilie leucocytes, the 
subject has 1 eceived sporadic attention Schilling, in 1920,= following the geueial 
plan laid dorvn by Aiueth, but establishing diffeient ciiteiia foi the estimation 
of hematopoietic aebvity, evolved a plan which has attained not a little lecogm- 
tion In 1924 Pons and Kriimbhaai= contiibuted still another plan ot nuclear 
enumeration, ui an attempt to simplitr the loimei methods Cooke and Ponder, 
m 1927, ■* made definite contributions, and Cooke laid down ceitaiu ciiteiia ioi 
the definite placing of the polymoiphonucleai neutiophiles in the proper age 
gioups Pinallr^ in 1930, Failey et al - presented a new senes of noimals and 
contiibuted another senes of pathologic cases, attempting to simplity the methods 
of pievioiis woikeis in the field 

TECHNIC 

Blood smeais aie prepared m the oidmaij maimei, using fiugei tip oi eai 
blood It seems immatenal whethei slide piepaiations oi cm ei -slip pieparations 
are used Either is subject to a certain peicentage of enoi, and neithei is of 
much value unless piopeily done The chief essentials aie a tlun, ereu smear, 

*Proin the Department of Aledioine and the Department of Laboratories Henry Ford 
Hospital 
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a\oi(lmg nwigiiiatiou as fai as possible Wiigbt’s stam gi%es quite good lesults, 
but foi the best diffeientiation ot nuclei, Gienisa’s method is piefeiied In 
counting, 100 consecutii e white blood cells aie classified, as lu an oidinaiy dif- 
feieutial, escept that as the neutiophiles aie noted they aie placed in the par- 
ticulai age class to winch then nutleai lobulation makes them eligible Tlie time 
rcquiied is but little loiigei than toi the old tj pe ot diffeiential count, since it is 
onh neeessaiy to deteimine the numbei ot tiue lobules m the pohmoiphonucleai 
neutiopliilic nucleus to defimtelj place it As to the numbei of cells to be 
counted, I have given difteieiit luimbeis a lathei thorough trial, as well as to 
cheek callous counts foi aeeuiacy, and it seems fan to state that with a good 
smeai, a careful count of 100 cells is sufheicni 

Cooke’s ciiteiion leads “If theie is anv band ot nueleai mateiial eveept a 
fine filament connecting the diffeient paits of a nucleus, that nucleus, foi the 
puiposes of the count, cannot be said to be clnided ’’ Hence, the nentrophiles 
natuidlly tall into the hve classes as illiistiated Normals foi this gioup have 



. . — ^Total white blood count 7200 polymorphonuclear^ 70 small Ijmphocytes 22 large 

i>mphoc\tes ' monocytes 3 eosinophlles 16 basophiles 0 5 This figure is to illustrate the nor- 
partition Only neutrophiles are plotted showing Cldc'S 1 8 5 Class 2, 22 5 
Oias? 3 20 7 Class 4 8 5 and Class 5 3 5 

i)eeu stated by Cooke and Pondei to be 6 08 pei cent of the fiist, oi nonfilament 
gioup, while Farles et al found 9 2 per cent In 100 noimal cases, with total 
counts ranging fi om 6000 to 8000 mv noimals a\ eiage as follows 

POL\ ilORPlIONC CUE cits 

70 05 

z— - SMALL LCKOE 

0 1- 3 4=) LIMPHOCYTFS LTMPIIOCLTES MONOCVTES EOStNOPHILES BASOPHILES 

8 -io 22 99 267 87 321 20 32 4 32 3 24 157 0 5 

Hie ahose figvues aie aseiage It should be understood that theie is a noi- 
uial range saijung fiom 1 to 7 cells pei bundled abo\e and below each emimeia- 
tion All counts used m compiling these figuics cveie from membeis of the nuis- 
md sen ICC starts ol the hospital In oidei to obtain one bundled noimal 
counts it was noeossaic to examine about one bundled and thutc smeai s since it 
Was not unusual to find a nucleai sliitt in a pel son who was woiking eight hoius 
a dai and not feeling partieuhih ill In most of these abnormal cases" a lecent 
CO a, a soie tin oat, oi cluonic tonsil oi sinus cliscise could be blamed There were 
nc ciM,s 111 whicli no dcmonstiable leason foi the shift could he found at that 
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In tins papei, ±oi puiposos ot elantj, the noimal poljmoiphonucleai neutio 
philic peicentages aie plotted in a bioken-line giaph, as shown in Pig 1 Thi^ 
noimal neutiophilic giaph is lepeated in all subsequent counts, to mdicate the 
nueleai shilt, wdiethei to light oi lett as Aineth and Schilling haie it Actually, 
the shift IS demoiistiated to be clockwise (left) oi eounteicloelrs\ise (light) m 
these chaits Objection has been laised tioni time to time in the usage ot the 



Fiff 2 — To Illustrate the clockwise shift of tlie nuclear graph with infection Lino 
AB represents tlie noimal neutrophilic status anti CD the rclati\e position of the graph as the 
number of joung neutrophiles Increases 



Fig 3 — Lobar pneumonia On admission white blood count 19S00 ^r- 

93 small Ijmphocytes 4 large l>mphoc>tes 3 After the crisis white blood 

phonuclears 80 small l>anphoc>tes lo large l\mphoc>tes o and 7 

white blood count 7000 pol>inorphonuclears 70 small ljmphoc>tes -.1 large lymphoc 
monocyte 1 and eosiiiophile 1 


teims “light” 01 “lett” shilt It the pictuie oi the noimal neutiophilic giaph 
cau be letamed, as a balaiieed beam, with its tulcium soniewlieie between the 
second and third classes, a nioie stiikmg analogj' can be gotten (Pig 2) Thus 
it will he seen that with an uiciease in the blood stieam ot c oung cells, the balance 
beam will be thioivn clockwise, and at the expense of the cells on the light ot the 
fulcinm, which wall theiefoie nioie down as the lett of the beam moves up, and 
nee veiLi Until a hettei teim is intioduced I ieel that a cloelcwase gi^aph best 
indicates iiiteetion, oi a nentiophilic shitt to the left as inteipieted by Schilling 
In the fiist gioup ot cases (Pigs 3, 4, 5, 6, 7), aie shown difteient caiieties 
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of mfection, all indicating a moie oi less pionouiiced clocknise shift ot the 
imcleai giaph, and, with lecoceiy, oi subsidence of the miection a coun^’ei- 
cloekivise movement back to normal Thus, m Fig 3 is pictuied a case ot pneu- 
iiioiiia, with giaphs diawn to indicate the inicleai shift at the height of the 
disease, tolloning the ciisis, and finalh, just betoie dischaige fiom the hospital 
Fig 4 ilhistiates a case of empjcma, with the blood pictuie appioachmg noimal 




7',^, chronic bronchitis in n non fifti tour %cars of ut,e On ad 
mis I PO>> morphonuclears 70 small Ijmphocytes 19 bninho- 

OdiaUtlonr. S 1 After uio necks of postural drlinag" and 

Ismiiluiejus V count GSOO poU morphonucle ira 77 small bmphocjtes 10 large 

‘“'syiiH 7 moiiootis 2 toslnophilcs ! md basopinie 1 ^ j lai^e 


‘ <1 diaiiidgt Pigb 0, 6, and 7 aie lioni lelatnclj inildei infections, none ot 
iwn shoium; total Mlute blood counts above ROOO vet all befoie tieatmcnt 
MOW Hi- I tloikvviso movement ot the nuckai gi iph Evidence seems to indi- 

!nnV„'^ «!' O'MI espcuciKe seems to 

to tin'" ' nuclear differentiation will niove 

count"' 1 ‘ *1 "oraial total white blood 

iMiUu, ' V! ' diftei.ntul count shownm nothin- remarkable it 

possible to show Inddin inlit tion In i shut ot the nucleat -i ,ph Cisc 
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ot chiomc tonsillitis, oial sepsis, subacnte aitliiitis (Pig 9) oi cliioiiic aithiitis 
(Fig 8) almost unitoinilj'^ will show a nueleai sliitt mclieatue of systemic in- 
tectioii, no niattei how chionic oi well hidden otlieinise 



Fig- G — Vcute dental ab&cess On admission uhite blood count 13200 poljanorphonu- 
Uear& 74 small bmphocytes 16 monocytes 3 and ecsinophile 1 Ten da\s following incision and 
dr linage white blood count 7400 polj morphoimclears o2 small bmphocjtes 24 large hanpho 
cjtes 7 monoc^tes 3, eosmophiUs 1 



Pig- 7 — Chronic tonsillitis On admission white blood count Ci/00 polyniorphonudeai^ 
70 small bmphocjtes 22 large lymphocytes 4 monocytes 2 eosinophlle 1 basophlle 1 Tonsil- 
lectomy was done and the patient dischai'ged from the liospStal after recovery Three months 
later on returning to the hospital for check-up white blood count 7000 poUanorphonucIears oo 
small lymphocytes 2b large hmphocytea 2 monocytes 3 eosinophiles 2 basophile 1 



F,g s— Chronic arthritis In this patient ail possible foci had been 
found nesatne or else cleaned out but the neutrophilic graph shows a ‘ilockwase sm 

Her symptoms at Uns adntjss.on were localized to one ankle and ® ^ “o® 

Infectious basis for neutrophilic stimuiaUon WHiite blood count lOOO polj morphonuclears - 
small lymphocytes 30 large lymphocytes 2 monocytes 4 eosinoplule 1 and basophile 1 


Obscuie abdominal conditions, such as aie pietmed in Figs 10 and 11, mat 
well he mistaken foi the inoie common acute intiaabdonuual lesions In Fig 10 
IS shown the nucleai cuive fiom a case ot otaiidu eaicmoma, which was pi educ- 
ing confusing sjmptoms In Fig 11 is an ectopic piegnancT which could easily 
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ha\e been mistaken foi an acute salpingitis ox appendicitis In both cases, the 
absence ot a inaiked iiuelcdi shitt xvas against an acute suppiuative condition 
Patients picsenting xague S3nnptoms, those in whom the rpiestion always 



Fig S — Subacute arthritis Patient showed residua) sjmptoms In one knee and in lum- 
bar spine White blood count 7500 polymorphonuclears 68 small lymphocytes 21 laige lympho- 
cjtcs 4 monocjtes 4 and eoslnophiles 2, and basophlle 1 



Pig 10 Carcinoma of ovary White blood count 7600 polymorphonuclears 7’ small lynipho 
c>tes IS large lymphocytes 2 monocytes 4 and eosinophiles 3 



-1 ctopic pregnanej Patient wae a young white womin twenty four jevrs of 


Pig 11- . _ a 

symptoms ^Ight iii^e been citlie?' an "acuu ’VpplndJcVtA"or 7n 
M hit< hir rwi eraph shous her nuclear partition to be \er\ little above norm il 

monoUti n Ur4,c lyiiiphocyTe? 1 


arises as to whethoi the pictvne is tunctional oi oiganic, oftei an mteicstm"- 
lickl 101 the micleai giaph In Pigs 12 , Id, 14 , and la aie shown cases which 
^eein to be of functional etiologj- None ot them offei anj nucleai shift to indi- 
c itc mtection, and some snppoit loi the lunttional diagnosis is tliciebj gained 
Ih It the blood toiining tissues do anticipate demonstiable signs of mtection 

10 and li In Fig lb aie ncutropluhe gxaplis fiom tiaee peisons mten tbo 
l.r.t 0, ,i,««cTaSt ..i 
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in total white blood tells, the thud a leucopema ot 4200, and tet all tluee shoived 
a distinct clockwise shilt in the niitleai giaph In Pig 17 aie the imcleai cuues 
ot tluee women ui the last neek oi piesjnantt All iveie atebiile and as iai as 
a caietul clinical examination showed, none oi the tluee had am iiitectioii pies 
eut The total white blood counts langed tiom 8200 to 9600 A nueleai shift 
111 achance ot ans othei sign oi intection is thus denionstiated It seems piobable 
that this phenomenon takes place in mam conditions, nheie the neutiophilic 



Pis 12 — Psvcln'-tlienl'i showing pricUc,i’l> n normal nuclear partition Uhite blood 
count 7S00 poUmoriihonutle ns C7 small Ismpliocjtes 28 large ijmplioijte 1 moiioejtes 3, 
eosinophilt 1 



Pig 13 — Psjcboneurosis Tins patient presented \ague complaints inana ot tlieni and 
the nuclear paitition of the ncutrophlies as pictured iboae points to a function il basis foi his 
trouble SVliite blood count 7G0U polj morplionucleai-s 72 sm ill IjmpUoojtes IS large l\mpUo 
c>tes 5 monocvtes 3 eosuiophile 1 and basoplnle 1 



Fjg. It —pjlorospasm Differentiation here laj Between a chiomc peptic ulcer lyith ob 
ra... 7S.1 TIiB ueutrophilic pirtUion points to \ functional oa zs 


stiucUon or ner%oub p\lorobpaMn The neutrophilic p irtuion poin 
Wiltt blood count 7700 poh morphonuclears small ljmphoc\tes 
monoote 1 eosinophlle 1 uid basoplnle 1 


Iirse lMnphoc\tes - 
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cells inciease to take caie ot au nitcction, leal oi potential, without clinical mani- 
festations, othei than might be shown by a neutiophilie count 

111 Pig 18 ale pictuied tliiee cases ot untomplicatecl aiteiial hypci tension 
Of SIX cases available, these thiee weie selected because no possible souice ot in- 
iectioii could be located All thiec cases, howevei, with noimal total white blood 
counts, showed a nucleai shitt indicative ot low giade intection I do not wish 
to be placed ni the position oi attiibuting hypeitension to cluomc intection, but 



Fig lo —Chronic iniuble colon (spastic colitis) Neithei case shows l white blooil count abo\e 
7100 and neither shows much evidence of Infection m the neutrophilic nuclear partition 
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meielv point out that m tliiee cases ot h\pei tension, rvheie intection could not 
be denionstiated, a nueleai cuice was obtained which is piobably indieatne ot 
intection 

Infectious mononucleosis is oidinaiilv mteipieted as a disease piocess which 
stimulates piimaiily the Ivmphocjdie centeis, with a consequent inciease m the 
laige and small h mphocc tes m the blood stieam Pig 19 is piesented meieh* to 




pig 19 — Infectious mononucleosis two enses C ise 1 white hlooC count IbOO poU 
moiphonuclears 39 small l>mphocjtes 17 large lMnphoc\tes 11 and monocjtes 3 Case 
blood count 11200 polj morphouuclears 47 small lympUocj'tes lo large Ijmphootes 3- ana 
monocjtes 6 

show that, eieii with but 20 to 40 pei cent ot poljmoiphonucleais in the stained 
smeai, a stiong nncleai shift is demonstiable The mechanism is not cleai, ev- 
cept that this is also an intectious condition, noi is the tact ot a lelatne neutio- 
penia m the tace of maiked ncutiopoietic aetnity discernible at this time 

Inteiesting phenomena occm in Pigs 20 and 21 In the foimei a case of 
ulceiative colitis is shown, wbeie, week attei week, a steady nueleai shift ocems, 
Avith few, if any, of the last oi oldei tluee gioups of pohmoiphonucleais being 
seen As is shown, liocvevei, imniediateh attei a tiansfusion, the old loims mai 
be picked up m the stained smeai, in small peicentage These aie piobably 
fiom donoi’s blood In Fig 21 is a case of heniouhaging peptic ulcei, with a 
nueleai giaph showing the status betoie and attei tiansfusion, and also aftei 
development of a teiminal bilateial suppuiatiie paiotitis Although this case 
had earned a leucopema of fiom 3000 to 5000 cluiing tweuti days in the hos- 
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pital, lu spite of a nueleai shift as shown, on the development of the suppuia- 
tne piocess the \\hite blood cells shot to 18000 and the clockwise shift tieinen- 
dously inti eased 

In Fig 22 IS shown a fatal pneumonia, with a lelative leucopenia (9600) 
As indicated, the clockwise shift was piofound, and, while it cannot be said that 
such a giaph is indicative of oiei whelming infection, it is neiertheless piobable 



Fig 20 — ^Ulcerative colitis First count taken two hours before transfusion is sample of 
many taken during long hospitalization Total white blood counts ranged from 8000 to 18000 
prst count white blood count 11200 polymorphonuclears 07 small Ijmphocites 24 large 
i^phocytfes 4 monocytes 3 eosinophiles 2 Two hours aftei being gnen >00 cubic centimeters 
of citrated blood the count was white blood count 1^600 polymorphonuclears 67 small lympho- 
cytes 21 large lymphocytes 4 monoevtes 6 eosinophiles 2 



-“-'"-n>hiu 1 Two hours'foUowmg of 100 cubm c.’mS'f ““ 

Ur" Is ""'U blood count o. 00 Polymorphonuckhrs SI sm% 

tur lAn 'nmiooslc 1 Six diys liter the paiknt dA . iL,^) ' H 

•'111 ill count w IS while blood count ISOOn^oM,^ bilateral suppura- 

'“‘11 lymnbwyus Urkc lymphocytss 2 o counc isouo polymorphonuclears 03 






972 


THE JOUKXVL OF LABORATOK\ AND CLINIC VL MEDICINE 



rig 22 — Tvpe I pneumonia in a man of jeart \dmitted to hospital on fourth d i' 

of lilne^'S V*hite blood count poKmorphonuclears yo sinaU l>mphocites 6 large Unipho- 

Otes -i Patient died tweUe houis later 



^'ig 23 — Suggested form foi routine plotting of neutrophilic partition 
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that a shift to such a dcgice is to be expected m the raoie piofound and grave 

types ot infectiou , , , , i ,<■ 

Fio- ‘>3 shows a toim oL chait which mai be adapted to clinical use On it 

aie shoivn, in heacy black line, the aceiage iioiiiial figuies, wliile above and be- 
low aie liglitei lines which might be said to be the uppei and lowei limits of 
uoinial 111 each cell gioup 
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Recognition 

IS gneii to 

SUUM \R\ 

pioiieeis in the 

field of difteienlial neiitiophilie 


counts 

2 A new soiics ot difteientiil neiitiopliihc counts i<= pieseiited, with as- 
ci igt iioinnl huvues toi eadi ol the common cell-tspcs iii the stained smeai 
1 A new method ot giaphiealh piesenting the nutleai shut is pioposed 
■i (iiajihs aie shown tiom \aiious conditions in suppoit ot the thesis as 
cited 

') It must be stated again tint this papei is not an attempt to eocei the 
lield The w i\ is onl\ jvist opened It is hoped tint in lutuie papers the blood 
picture 111 \ iiious disc ises mil he moic thorougliK msestmatecl in the Indit ot 
ptcsuit di\ knonlodge is to the nnpoit nice oi the complete nentiophilu dil- 
innitnl count uul its m ipliic illustntion 
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CONCLUSIONS 

1 The noimal munhei of uonfilament oi one lobetl poh moiyhonucleai 
neutiophilic leucocvtes ni the blood sticam is tiom 6 OS to 9 2 pei cent and in 
the senes piosented, 8 45 poi cent These %mes aie aveiage 

2 The noimal nuinbci ol the oldei nentiophiles is detei mined to be as 
follows 

2 lobes— 22 99% 

3 lobLS~2C7 % 

4 lobcb — S 7 % 
o lobes— 3 21% 

3 Infectious pi oc esses will cause a definite shitt in the nentiophiles the 
extent depending on the seceiitv ot the infection 

4 This shift takes place nhethei with oi without a use m the total num- 
bei of ciiculatiiig white blood cells 

5 Theie is icason to bebese that hidden oi local intection can be demon 
stiated bv this method 

6 Theie is also leason to believe that acute pmuleiit conditions mav be be*'- 
tei difteientiated fioni othei conditions causing like svmptoms 

7 Evidence is piesented to show that functional conditions mav be Iiettei 
difteientiated fioni oiganie conditions 

Ackuowledguieiit is unde for valuable idvae and cooper itiou m the preparation of this 
pa^iei to Dr F J Slacleii nul Di F VV Hartman 
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THE AGE OP THE LEUCOCYTE IN KELATIO?. TO INFECTION > 
Thomas Piiz-Hugh, Jr , A M , jM D , Phii adei phia, Pa 


nUHE leucocjtes, oi white cells ot noimal blood aie classified as nciiti ophiles, 
^ eosmophiles, basophiles, moiioeites, and Ivmphoci tes The changes m ab- 
solute and lelative iniiiibers of these laiions "loiips of cells, as a lesiilt of infec- 
tion 01 othei distuihaiice, aie not within the scope of this review Such nu- 
merical changes constitute the oidinaiy data of absolute and lelalive leuco- 
c^Tosls and leucopenia, which have leeeived the majoi share of attention in 
chiiical hematology foi many -veais 

Study of eoiielated qualitative changes within the meinbeis of the several 
white cell gioups dates back to Eliiheh, but has not found widespread clinical 
application until i eceiit times 

AriiethV pioneei reseaiches ( 1904 ) constitute the gioiind-woik and at the 
same time maik the point of depaituie toi subsecpient developments Arneth’s 
hj'pothesis in regaid to the iieutiophile’s lesponse to infection is based on two 
eoiielated major piemises ( 1 ) that young neuti ophiles aie supplied in abnoi- 
mally inci eased iiumbeis to the blood stream as a fundamental defense mechanism 
against infection, and ( 2 ) that the age of neuti ophiles varies diiectly ivith, and 
can lie measuied in terms of, iiucleai polymorphism or lobulation Aineth ev 
tended Ins geneial theoi> to include other white cells,- but the majoi interest 
has centered about the neutiopliiles 


THE MEANING OF “iOUTH” AND “MVrURlTA” OF LEUCOCYTES 


'When hematologists designate a given cn dilating leucocyte as “young” or 
“mature” or “senile” there are a nunibei of conditional assumptions implied, 
aud the meaning ot such age judgments mar vaiy consideiably A statement of 
‘age” presupposes knowledge of a beginning It seems tail to suggest that, 
vhen dealing with ciiciilatnig leucocjdes, the “beginning” is thought of vaguely 
111 teims of either moment ot entry into the blood stieam, oi moment ot definitiie 
diffeientiatioii in the toiinatne centei, oi a combination of both Thus a mjmlo- 
c\te 111 the peiipheial blood is a “joung ’ form because, fiist, it is assumed that 
a In mg mveloeyte quicklj matin es into a neutiopbile leucocyte attei libeiation 
lioni the foiniatne tissue, and second, its moipliologs identifies it with the early 
giaiuile containing tell in the ioimatne tissue Neither ot these assumptions, 
honeiei, need necessaiily be \alid 

A nndocite in the blood stieam might toiiceivibly be a relatively stable 
iml louglned indnidual analogous to a “doimant ’ cancer cell or a bacteiial 
spoie ” II this should be tine its picsence in the blood stieam nould lose all 
sigiufniiKL, toi puiposes oi age judgments, Horn this standpoint Yiened 
liom anothei angle, the ‘ aging pioccss” maj pioduce saiying definitive stages 
nithdif iciciu “spins’ ot hie undei laiimg londitions No one Icnows lion loim 


\ \\\{ I 


'vela'll .VlL SccUoii lUdicn Clliliv. Ho'^intal ot 

viui IXpiriin».ni of Mttllcim. Lnl\cr^it> of mia 


Lni\vr'5it> of Pfcnnsjl- 
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a gneu niyelocAte may lemam undiffeientiatecl, gioMing “oldei by the cloek,” 
befoie it "matiiiates ’ oi ‘duidcb” oi beioie it eiitcis the blood stieam No 
one knoMs ivith ceitainti the ‘nounal Iite-spau” ot the neutxophile in the blood 
It IS estimated m teuns ot “ horns ’ In some/ “dajs bj otheis-* and ' iseeks” 
bj otheis’ 

In spite ot these theoietieal miceitanities, the woiking concept ot ‘ vouth” 
and "age” judgments ot leucocytes is that a leucocyte u, yoiiuy in all iCHse* of 
the iioid ithen it lools and Ichavei, like its emhi yologii ally established (oi as- 
sumed) piogeintoi m the Icuiopoictu lenteis 

GENERVL CRIILRIV Ot \OUTH Ot LrUCOClTES 

The moiphologic e\idenecs ot nnmatuiity ot leucocytes may be eomeiuentlv 
eonsideied undei (a) nucleai and (b) cjtoplasnnc 

NECIE-VU EMDENCES Ot iyiyiATUItIT\ 

1 Jlitosis and amitosis aie unneisalh admitted as ceitam pioot of iiu- 
matmity This is especially' tine ot mitosis, whuh e.innot be simulated, by cell 
luptuie 01 othei aititact, as easily as amitosis Both toims ot cell dnisioii liaie 
been obseiced in piactually all ot the ininiatuie leucocytes in the ioimatue 
eenteis, as ivell as in the blood stieam iii leuteiiiias HlaMmoyy'' insists that 
amitosis does not occui in lymphocytic cells, but othei obseiyei-s disagiee’ In 
the ‘‘gianiilai senes ” cell dinsioii is demonstiable in the iineloblast, the 
piomjelocyte and the my elocy te but not theicattci (i e not in metamyelocytes 
"band foims ’ oi polymoi))honueleai neutiophiles) In the hmphatic senc» 
MaMinow (loc eit p 329) desenbes mitotic hiiiues in laige and in medium sized 
Ijmplioeytes and states that small lymphocytes do not duide Sabin emphasizes 
amitosis as the usual ioim ot iin eloblastic dnision 

In clinical hematology (except in study ot the leucenuas) the occui icncc of 
pet ipheial leucocytic mitosis and amitosis is of little piaciical lalue la estimating 
age foi the leason that almost all cii dilating leucocytes aie lelatiiehj ‘ matin e” 
and uie incapable of fui thci cell-diiision 

2 Nucleoli yvithm the nucleus ot leucocytes constitute yalid piool oi im 
matin ity The actual dcmonstiation ot nucleoli is, howeiei, not aluais an easy' 
and ceitain pioeeclure In the gianulai senes the imeloblast nucleus is, ac- 
coidiiig to all obseiyeis, chai actei izecl by the pie^ence ot tivo to si\ nucleoli 
The same is tiue ot the pi omj'eiocy te The my'elocjde nucleus, honey ei, pieaeiits 
uiiceitaiutv Doyvnej® states tnat the myelocyte piopei and its descendants 
(metamyelocytes, poly moi phonucleai nentiophiles, eosinoplules and basophiles) 
aie totally deioid ot nucleoli Bimtms (Joe cit p 405'' and Schillins;,'’ on the 
othei hand, find nucleoli in mj elocy tes and metamj eloey tes, and X.iegeh"’ agiees 
that occasionally nucleoli may he seen m myelocytes All anthoiities comm in 
the opinion that oidinaiy poly moi phonucleai neutiophiles ha\e no demonstiable 
nucleoli Bunting hnds, hoyveyei (loc cit p 40 1 ) that special staining may' 
bung out nucleoli in the yomig poly nioi phonucleai ueutiophile, eosiuophile, 
and basophile cells of the blood 

In the lymphocyte senes the lymphoblast nucleus is unanimously accoided 
nucleoli, although authoiities diftei as to the chaiaetenstic uumbeis (1 to 2 
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nucleoli accoiding to Naegeli and Selulhna, up to 5 or 6 accoiding to Schiidde 
and Butterfield) The lai ge ‘ ‘ Young ’ ’ lymphocyte of the blood may have nucleoli 
(Schilling, loc cit p 131) but inatuie lymphoejd^es have none (Downey, loc cit 
p 375) 

The monoblast CNaegeli) may contain nucleoli Concerning monocytes 
piopei there is some disagieeiiicnt, no nucleoli accoiding to Downey (p 376) , 
occasionally piesent according to Schilling (p 132) and Naegeli (p 143) who 
emphasizes the importance ot vital stains in this connection 

Fiom this summaiy it is cleai that the sfaliis of nucleoli in the seveial leuco- 
cyte types IS luudly definite enough to offet much help in clinical hematology ex- 
cept in leseaich woih and in the study of lencrmias 

3 Chiomatm stiuctuie ot the nucleus is leeognized, in stained piepaia- 
tions, as a most significant ciiteiion of age Young leucoevtes possess vesiculai 
nuclei toimed like a net built of fine basic staining thieads (Naegeli p 178) 
The nucleus of older leueoejtes is nioie (oaiselj constiucted with heaviei bands 
and pieces ot deeper staining basic chromatin Oldei nuclei also show either a 
tendency to pycknosis oi a tendencj to sharp difterentiation oi basi and oxy- 
ehromatin, which aie features lacking in young nuclei The nucleai membrane 
IS thin and indistinct in very young cells and is thicker and clearer in older cells, 
with a submembi anous condensation ot basic chiomatm that emphasizes it all 
the more 

The chiomatm stiuctuie of the nucleus of leucocytes is consideied by many 
hematologists to be the soundest and most useful geneial cnteiion of age 

4 Nucleai polymorphism oi lobulation as an index of leucoevte maturity 
constitutes the major premise of Aiiieth’s theoiv All observers are agreed that 
the nuclei of piimitwe white cells are round oi oval and that the nuclei of most 
matui e leucocytes (Ijmiphocytes excepted) show more oi less indentation, lobula- 
tion, and polymorphism Aineth holds, foi the neutiophiles paiticulaily and 
foi other leucocytes to a eeitam extent, that age duiation and miiltiphcitj’- ot 
nucleai lobulations die directly and mathematically correlated 

This iundamcntal position ot Aineth s is attacked by ceitain other hema 
tologists along seieial lines For example Naegeli says (loc cit p 178) “en- 
tneh eiioneous is the pioceduie of Aineth bi which the age of the cell is esti- 
iiidtcd iiom the degiee ot segmentation of its nucleus There aie many cells 
most ceitauilv joung as judged by nucleai structure which are raaikedh seg- 
ineiited, especiallj is this true ot inonocjdes but also of neutrophiles ” Bunting 
sajs (loc cit p 405) leucocytes with basophilic piotoplasni, looselj woven 
nuclei and e%en with basophilic granules among the neutrophilic granules and 
thus obMoush loiiiig cells niav show as mane lobes to the nucleus as cells evi- 
cleutU senile ” 

The piactical application and clccelopments ot Aineth ’s doctiiiies will be 
discussed below, togethei with then difficulties and limitations The aboie le- 
iiiaiks mdicite the somewhat unceiluin sfcctics of the basic eiidencc of Aineth’s 
lonhutwti 


C\T01M ISIIC IMDINCI^ OE IMMYlUIilTl 

1 ^Mitochoudua dcinoiistiable hr supiacital stains (e - Janus •neen'i ne 
incsciu m ,11 coimg white cells" These stuictines seem to cliinmisirin mimbei 
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as tlie cell niatuies Sabin'- finds that, as the nnelolfiast gions oldei, tlie multi- 
tudinous initoehondiia (staiuing gieen m the neutial led Janus gieen iiuxtuie) 
become ienei and the specific (led staining) gianulcs begin to make then ap- 
peaiance In the inatuie mielocyte tlieie aie ven tew mitochondria and moie 
“specific” gianules, and m the matuie poh-moiphonucleai iieuti opliile theie 
aie no mitochondria at all Siniilarh accoiding to Sabin and hei coworkeis, the 
monoblast mtli mam (gieeu staining) mitochondiia inatiiies into the laige 
mononueleai type ot monocyte nitli tewei mitochondiia and this in tiiin into the 
‘ tiansitional ” tjpe ot moiioccte with but ^eiy few mitochondiia (and a tullj 
de\ eloped neutial led losette) A sinulai dinunution of mitochondiia is de- 
sciibed in the tiansition ot tlie hmphoblast to the hmplioeyte 

The piaetical uses of “siipiaMtal ’ stains in clinical hematology hate been 
diiected moie towaid attempts at diffeientiation ot cell types than towaid esti- 
mation of cell matuiity It iiouM seem that a cdieful studij of leucocytes by 
supiaiital technic con elated with the oidinanj diy wieai stains (Wnyht’s, etc ) 
in each instance might yield laluahle evidence legatding the lalidity of our 
ot dinai y mot pliologic ci itei la of youth and matin i(y '' 

2 Cytoplasmic basophilia is a genet ally accepted indication of lelatue iiti- 
matutity of citculaling leucocytes 

3 The centiosome and the Golgi appaiatiis, when pieseut, aie probably evi- 
dences ot lelatne immatuiitj^ The denionstiation bi special stamnii’: methods 
of these stiuctmes has, as jet, no place in clinical hematologi 

4 Cell size is ot little oi no value as a criterion of age except in this veiy 
geueial waj the piogemtois ot the blood leueoci-tes tend to become smallei as 
they matuie (Naegeli p 179) Young neutiopliiles aie said to be laigei than 
matuie ones (Schilling p 128) but the “maciopohcyte ’ ot Cooke and the laige 
“peiuicious anemia neutiophile ’ would seem to be obvious exceptions to this 
geneial statement In legaid to h mphoc^tes there is also no established eoi rela- 
tion between cell size and age The large hmphocytes aie not necessarily 
younger than the small and medium sized iMiiphocvtes (Naegeli p 135, Maxi- 
mow p 329, 358) Fiualh the stem cells themsehes aie tound to pieseut marked 
valuation in size in the foimatix'e eeiiteis and then descendants in the blood 
stream aie subjected not only to these inheieut dec elopmental laiiables but also 
to extraneous factors such as osmosis and lijdiopie changes, all ot which must 
hare an influence on “size ” 

5 Cytoplasmic granulation (as it appeals m poh chrome stams) in the 
neutiophile senes of leucoeites iiieseiits features of impoitaiice ni relation to 
the age of these cells Young neutiopliiles hare moie basic staining granules 
scattered in with the iieiiti ophihc granules than do the matuie forms In the 
latter the specific granulation ot the cj-toplasm is pin eh neutiophilie oi e\eii 
shghtly acidophilic in quality 

This tendency to basic gianulation of young neutt ophiles is lecognized as a 
most significant ciiteiion of immatiiiity by most obseiieis 

6 Amoeboid activity and phagoe>d;ic activity of ciiciilating leucocytes in 
waini-stage preparations are acceptable evidence ot vitality and functional ef- 
ficiency but hare no direct bearing on the pioblem of age Obnously dead and 

^ ^ correlation studj of this sort is being pHnnetl in this clinic in collaboration with 

Byron E Hall 



AOL or Till liOUCOCATE IN lU LATION TO INELCTION 


979 


dviug cells Mill not c\]uliit these* phoiioincna but not ull dead cells aie old cells, 
cspeeialh in toxic and diseased stages Fm thei moi e young leucocytes aic not 
uecessarilj inoie actue tlian oldei cells ot the same type It is reeogni/cd, for 
example, that myeloblasts and lujclotjtes show much less evidence of these soits 
of actmt-s than do niatiue neuti ophites 

The Age of Lcucooitoi, (Olhei Than Ncidt ophile») in Rclalion to Infec- 
tion — As picMOiislv indicated the ehiet luteiest in the age ot leucocytes in lela- 
tiou to infection centeis aioiind the neutiophile Aineth has attempted to bung 
the otliei uhite cells into line witli Jus thcoius but this attempt has met with lit- 
tle oi no recognition of success (sie Schilling, loc cit p 147) We ha\ c review ed 
brief!} the geneial ciiteiia that aie applicable The difficulties aie obvious 

These difficulties become still gieatei when one digs deepei into the mass of 
data at hand “In eases ot monodlosis, tiansitions between lymphocytes and 
monocytes in the blood aie fail h niimeioiis” (Jlaximow loe eit p 463) Small 
lymphocytes do not divide but “may change ovei into laige lymphocytes oi 
monocytes oi plasma cells’’ {ilaximow', p 329 349, 358) Plasma cells axe 
identical with Tuik nutation cells and aic thought to aiise tiom I}Tuphocytes 
by Maximows fiom mceloblasis b\ Downc} (loe eit p 377) and horn both types 
of stem cell by Xaegeli (loe cit p 176-177) The so-called Riedei cell is a cir- 
culating myeloblast with indented nucleus accoidmg to Dow-nev, wdio admits 
the great difficult! of diffeientiatmg it troni monocytes The “Riedei type’’ is 
of lymphoblastic origin accoidmg to Schilhng (p 135) This obseivei notes 
the occasional “incongruity in the maturity of nucleus and piotoplasm” in va- 
iious types ot leucocytes We have alieady indicated the impiopriety of coi- 
1 elating the laige and small lymphocyte with the young and old lymphocyte 
Concerning eosinophilic leucocytes there is little oi nothing of piactical value 
that is known m this connection We have peisonally studied the blood of a 
patient with eosmophihc hypeileucocytosis'^ in which the stiikmg feature xvas 
the presence of huge numbeis ot pcifeetly noimal looking “adult’’ eosmophiles 
wuth polymoiplious nuclei and no eosinophilic myelocytes oi other evidence of 
shift to the left” of the eosinophde foimula, although at neciopsy this pa- 
tient’s hone mariow' was found packed with eosinophilic myelocytes We have 
on the othei hand seen mononucleai eosmophiles (young foims'*) in the blood 
of a case of tiiehiniasis winch lecoxeied “ 


The Age of the Neuti oplule in Relation to Infection — The Arneth “count” 
of neutiophile niicleai lobulations, and to a certain extent the modifications of 
this pioceduie (the Schilling Hemogiam, the polynueleai count of Cooke and 
Pondei, the nonfilameiit neutiophile count of Pailey, etc ) aie open to ciiticism 
and objection fiom several standpoints (1) embrvologic, moiphologic, and 
physiologic, and (2) techmeal and utilitarian 

Befoie consideimg the subject tiom these angles, a biief lexiew is necessary 
of the tlieoiy and practice of Aineth and lus successois 


The Aineth Count —TU neutiophile cells of normal blood, aceordiim to 
^ moth aie classifiable into five gioiips Class I (5 per cent of neutrophdes) 
aio cells whose nucleus is lound, oval, oi indented but not tiuly lobulated 
y ass 11 (3d pci cent ot neutiopbiles) die cells with two lobed nuclei Class TTT 
( 1 pci cent ot neutiopbiles! aic cells with thiee lobed nuclei Class IV (]7 pei 
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cent) aie iieutiopliiles mtli foui lobed nuclei, and Class V (2 pei cent) die 
neutiopliiles uitli fi^e lobed nuclei Ainetli makes nuiueious subdivisions vitli- 
in each class so that in all he lecognizes tv cut's distinct t'spes of ciiculatiug 
neutiopliiles He belieies that iiicieased niiclcai lobulation is diiect evidence of 
iiiei eased age tioni beginning to end He tuithei believes as a diiect lesult ot 
his laboiioiis leseaiches, that a “shilt to the left” lu the iieutiophile foimula 
occurs as a lesiilt of intection Bv this he means a lelatiie niciease in the 
“joung” neutiopliiles belonging in the ‘‘left hand” columns ot cells (Classes 
I and II) Accoiding to Ainefh a piopei studj’- of the “nncleai sliiit” consti- 
tutes a moie sensitive inde\ ot the piesence ot and tiend ot intection than does 
the oidinaij ‘‘total leueoe-ste and diftercntial count” iisuallj employed 

As to the mcehanism ot leueoc\tosis and sliitt to the lett in intection Ainetli 
contends that this lepiesents a disturbance of the normal balance oetMeen 
peiipheial leueocjte destiuetion and cential (secondal^) ue\s cell pioduction 

The Schilling Ilcmogiam — ^^’’letoi Schilling lecognizing the iiieiit ot 
Ainetli ’s (ocei complex) pioeeduie, made ceitain impoitant modifications He 
felt that Aineth had gone too tai in coirelating nici casing matuiity vitli in- 
ei easing niicleai lobulation Sehillinir tlieiefoie giouped all tlie cells ot Aineth ’s 
Classes II to V inclusive into one class as ‘‘segment-nucleai ” (matuiel iieutio- 
philes (63 pel cent ot the iionual total ]eucoc^te count, 94 pci ceut ot the noi- 
mal neutiopliiles) The othei neutiopliilic giauiilai cells ot tlie blood aie classi- 
fied by Schilling as m-veloc^Tes (absent in noimal blood), ‘‘lod nueleais” oi 
“band toims” eoiiesponding to matuie metamvelocj tes (4 pei cent ot the noi- 
nial total leucoejte count, 6 per ceut ot the noimal neutiopliiles) , “^oung” oi 
“ouvenile” neutiopliiles, eoiiesponding to Pappenheim’s Aoung metamielocjtes 
and diffeiing fiom the ‘lod nueleais” chiefl\ bi the sausage oi bean-shaped 
chaiactei ot the nucleus vith nucleoli in coutiast to the lod-shaped nucleus vith- 
out nucleoli, (these jiwenile foims aie designated bj Schilling as “laieh oc- 
cuiiing” in noimal blood but sometimes piesent in numbeis up to 1 pei cent oi 
the total leucocjtes) , a special degeneiative “stab” oi staff foim ot nonsegmeut 
nueleai ueutiopliile vliich is aceoiding to Schilbng a “iieutiophile matin ed 
vithout segmentation ” These “degeneiated lod nueleais” oi “stab” tonus 
aie absent fiom noimal blood and aie ot especial significance in Schilling’s 
theoiy and piactice, in that tlie^ lepieseut a distinct contiadiction ot Aineth ’s 
fundamental theoiy, and plaj a majoi lole in Schilling’s hypothesis ot a “de- 
geneiative shift to the left ” 

Schilling’s hemogiam includes a tabulation ot (1) myelocctes, (2) jinenile 
neutiopliiles (young metamyelocytes), (3) “lod-nucleais oi “band tonus” 
(old metallic eloe\ tes) (4) “stab” nueleais (a degeneiative iiousegment nueleai 
of special type), and (5) segment nueleai (“adult”) neutiopliiles togethei vith 
(6) the usual difteiential count ot lynnphocc tes, monocytes and eosiuophiles 
Each of these items in the hemogiam is expiessed in peieentage of total leiico 
eytes (and not, as Aineth had done in peieentage of neutiopliiles) 

Coohe’s Poli/nitcleai Count — ^Aineth ’s ciiteiia toi sepaiatiug the numbei 
of nueleai lobes veie not specific Selidhug gave moie attention to this difficulty , 
but since he grouped all neutiopliiles vith moie than one lobe into one class (ot 
“segment-nuclcai’s”), he vas not gieath coneeined about the question Cooke 
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(1914) legioiipoil the “poHiiiosplih’ into hve clusscs ,iuulogous to Aiiioth s 
classes, but inoie stiitth tlchnecl'’ b> tlu* toHovving luoipliologic dictum If 
thoie IS an\ band ot midcai tissue c\cipt «i duonuitiu filauienl coiinoctiug the 
difteieut paits ot a nudeus, that nudeus cannot tm the pin poses ot the count, be 
Saul to be divided ’ ’ 

On tins basis Cooke’s Classes HI, IV, and V aic piactiealiy identical with 
Aiuetii’s Classes III, IV, and Y Cooke’s Class 1 howevei, toi some ciuious 
leason does not indvide the mjelocvte oi the vouug luetanij elocyte It includes 
all of the cells ot Aineth's Class I except invelocytes and nietamyeloevtes and 
some of Aineth’s Class II (i e those with twisted imclei showing a ceiitial cou- 
stiuction but not a tiue “fllaineiit”) Cooke’s Class I includes all ot Schilling's 
nonsegment ueutioplules (except the inxclocvte and young nietaiuj^elocyte) 
Cooke’s Class II IS identical with Aineth’s Class II, except toi a few nonfila- 
ment nucleais with “pseudo bilobiilation’’ which Cooke’s eiiteuon makes him 
classifv as “nnchvKled” (i e as belonging m Class I) In iioimal blood the av- 
erage niimbei of Class I cells is 10 pei cent oi the ueutioplules (or about 7 pei 
cent of the total leucocytes) Cooke’s findings and views conceinmg the “maeio- 
polycyte’’ aie outside the scope ot this leview, except that they constitute a 
partial bleak in Ins otheiwise whole heaited allegiance to Aiiieth’s geneial 
hypothesis 

“T/ie Suiipii/ied Aineth Coxint” of Pons and Kiwnbhaa) — Pons and 
Krumbliaar (1924) adopted Cooke’s ciiteiion of the “filament” but suggested^® 
that the essential featiue of the neutroplule count could be maintained bv a 
tlu ee fold classification into (11 metamyeloevtes, (2) nonsegmented band foims, 
and (3) segmented forms witli filament connections between the lobes 


The Filament and Nonfilaineni Pohimoipkonuchai Neuiiophilt Count — 
Pailey^’’ and Ins coworkeis (1930) using Cooke’s enteiion of the filament, divide 
the neutiopliiles into noufilament foims (piactical)y identical with Cooke’s 
Class I) and filament foims (Cooke s Classes II to V niciusivel and lepoit them 
separately as components m the oidmaij complete dilfeiential count These 


W'oikers lepoit an average of 9 pei cent nonfilament neutrophiles in a study of 
too noimal individuals and set IG pei cent as tlie uppei limit ot normal These 
figures lepiesent percentage of total leucoevdes (not pci cent age of neutiopliiles) 
Oui own procedure (since 1928) also based on Cooke’s critenon, has been 
to include in the loutine difteiential count, a biaeket after the figuie foi the 
poHmoiphonucleai neutroplule peiceutage, into which are set down the per- 
centages of “old” and “young” forms seen m making the difteiential count of 
100 white cells A “noimal difteiential” would be as follows Polymorphonu- 
ele,u ueutioplules fa2 pei cent (56 pei cent “old”, 6 pei cent “voung”) , lym- 
phocytes 29 pei cent, monocytes 6 pei cent, eosmophiles 3 per cent , basopliiles 
, iuyelocyi;es 0 A “ty-pical” count in veiv seven iniection would be Poly- 
moiphoiiudeai ueutioplules 88 pci cent (45 pei cent “old”, 43 pei cent 

young”) , lymvphocy tes 9 pei cent , monocytes 2 pei cent , eosmophiles 0 , bdso- 
plnies 0 , my eioev tes 1 pci cent 

In oiu pioceduic the designation ot “young” toims compuscs all nonfila 
-u t ncutiop biles (i e all ot Cooke’s Class I ccllsl and all nLumy^X as 
( 0 all ot Sclulhngs ‘yincmle toims” “lod-imdeai-s,” and “stab” 
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foims) Pailei ’s elassificdtioii is identical and sciics the added good piupose 
of emploMiig a luoie e\act deseiiptive teiimuology (i e tilameiit and noufilameut 
instead of "loung” and “old”) 

Ceitam lefinements sueli as the “double shift” and the “ metaplastie shilt” 
of the nueleai indeN aie not eneonipasscd bi tliese simplified piocediues 

Emlji yologic, Morphologic, and Physiologic Obiectioiis to the Aiiieth 
Hypothesis and Its Modifications — ^Aincth’s coiielatioii ot neiitiophile age-iU' 
Cl ease with increase ot nueleai lobulations lias been ciitiii/ed by many obseiveis 
The piimaiv diflficiilty of meaning of “age concepts” has been mentioned The 
idiMug estimates ot “duiation ot life” of the ciieiilatiug uentiophile haie been 
leteiied to The lack of con elation between cell age and miclcdi segmentation 
IS emphasized by Naegeli, Bunting and otheis bchilling’s concept of the de- 
geneiatiie “stab” luicledi must be classed as eiidenee agam&t Aiueth’s eoi- 
1 elation hi pothesis In the field of compaiative (animal) leucocyte moiphologi 
tlicie IS some evidence that nueleai lobulation niaj can in difteieut species 
Peisonal obsei ration ot the blood of tlie loung white lat indicates tliat the gieat 
majoiitj ot neutiopliiles aic eithei noufilameut oi single filament tonus (i e 
Class I and II of Cooke) although the nucleus uiaj be cjuitc toitiious The 
neutiophde of the moulcej, macacus iliesus is lepoited hi Kiumbhaai'® and 
Hair as ehaiactensticallj hjpei segmented Hall’s diawmgs show typical neu- 
tiophiles wnth nuclei composed ot 5 to 6 lobes connected by vei\ fine chiomatiii 
filaments Knimbhaai and Jlussei state that neutiopliiles contaiumg nuclei 
“wnth 10 12, and 15 lobes weie fiequently encoiinteied ’ These obsenations 
suggest that “age” is eeitaiuly not the onh tactoi concenied in nueleai 
segmentation 

The seveial modifications and “simplifications” of Aineth’s complex pio 
ceduie are fiee fiom many ot its fundamental objections The “modificatiou- 
ists” (except Cooke) eithei fianlJy disagiee with Aiueth concerning his age 
eonelations in gioiips bejond Class I, oi dodge the issue entiiely Cooke, how- 
evei, and latei Cooke and Poudei" go the w’hole way with Ainetli in linking up 
nuclear segmentation wnth cell matuiity All aie agieed in the geneial pioposi- 
tion that the nueleai “shift to the left” in the neiitiophile foimiila lefieets an 
ineiease in i datively joimg terms and constitutes an iinpoitant method ot stiidc 

Cooke and Pondei haie piesented ceitam eApeiimeiital eiideuee, winch it 
ev-teuded and eonfiimed, would stionglj support Ainetli’s iiiajoi pienuse The 
leader is referred to the monograph® of these authors for details It is luteiest 
mg to note that Cooke and Pondei estimate “the whole length ot lite of a poh- 
moiph 111 the blood stieam” at “about three w'eeks” (p 24 of then moiiogiapli) 
This contrasts shaiply wuth the statement of Bimtiug that “the life of the neiitio- 
phile -within the blood is measuied by days and even abnost bv houis ” Both 
of these statements are somewhat at variance with the usual piesent day as- 
sumption of a “f 0111 -day Me span.” 

It IS of fuithei niteiest to note that, eontiaiy to Cooke and Pondei the 
findings of Isaacs'® suggest “that when immature cells entei the blood stieani 
they aie eliminated as such and do not niatuie in the peripheral eii dilation ” 

Fiom the physiologic standpoint the Aineth hj^pothesis presents eeitaiii 
difficulties The efficiency of young neutiophiles as conipaied to mature neutro- 
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plules lu defense against mleetiou is a !^lghl^ contioieisiai subject winch is 
beyond the scope ot tins pieseiitatioii (see Cooke and Poiidei, p 46 49) A 
coiollaix of tlus difhculty coneeins the question ot piognosis 

Technital and UUhtaitan Objection), —iLuw ot the teehiiieal (moiphologic) 
difficuities of the oiigiiial Aiiicth piociduie aie miiuiui-ied by the application of 
Cooke’s ciiteiion. of the filament Theie tiie othei difiiculties, howevei, uhieh 
remain inheient in the method legaidless ot “simplifications ’’ Foi example 
ive hace seen an expeiienccd hematologic teciinician mistake a laige nunibei ot 
monocytes (ot the “tiansitional type”) foi suppose d e oiing (band-form) neiitio- 
pliiles "We have not inliequenth seen monomicleai cells that might be classi- 
fied as metamyelocytes by one obseieei and “Ricdei cells” by anotliei and 
mouoejtes by anotliei Occasiouallj it is difficult to decide wlietliei a given 
nucleus is ot filament oi nonfilament t\pe 

As to the best technic of stain tlieie is sliaip dueigence of opinion Scliil- 
hiig, Cooke and Poiidei, and othei s lecommend smeais ot blood on glass slides, 
and the employment ot Gienisa stain These antliois condemn the use of 
Wright’s, Lieshman s and Romanowskc s stains as “not satistactory foi the pui- 
poses of the Ainetli count ” Pinec-® lecommeuds covei-slip piepaiations with 
modified Giemsa stain Failej and lus cowoikers piefei Wiight’s stain and cov- 
ti slip piepaiations In this eouutij it seems fan to state that the fate of the 
neutiopliile count m cluneal liematologj mil be decided on the basis of Wiight’s 
stain (oi asimilai Romanov sky modification) 

The utility ot these pioceduies in clinical piactice depends upon (1) the 
lelative simplieitv of execution, (2) the accinacy of icsnlts and (3) the helpful- 
ness in diagnosis, prognosis, and tieatment 

The difficulties ot execution ot the simplified pioceduies aie not gieat, and 
taiilv accurate results maj usually be obtained m the bands ot expeiienced 
vorkers Oui own observations, hovevei, y\ould indicate that the “mean erior” 
of the method is considerably gi eater, and the “peisonal equation factor” much 


moie important than is adnutted by some enthusiasts (e g see Cooke and Pondei, 
P 8, 14) This IS paiticulaily true m many cases of seiious infection m yyluch 
toxic and degenerative changes m the leucocydes aie piofound 

The diagnostic utility of these methods is very limited Such study may 
otcasionalhj disclose the presence of an unsuspected infection ox othei obscuie 
distuibance ot oigamc health It is of piaetically no value in the differential 
diagnosis of infections It sometimes is helpful in calling attention to the de- 
velopment of untowaid complications in the couise of infections 


The piognostic implications of the “nncleai shift” in infections aie ot eon- 
sideiable inteiest All obseiveis agiee that no deductions as to prognosis can 
be made except on the basis of lepeated obseivations The fundamental pioblem 
IS tins hoyv much ot a “shift to the lett” and y\hat kind of shifts aie to be 
Mowed as “satisfactoic ” or “noimally favoiable” evidence of i espouse to m- 
tection? Theic is, m oui opinion, no easy answci oi leady toimula oi mt al- 
ible mdex The unknown individual “constitutional” peeuhaiities=^ which 
make one poison exhibit high feici oi luaiked “ leucocytosis with shift to the 
cu horn some appaiciith tin ml iiitcction may ui anotliei person beha.e quite 
cliftcicntly iiiuloi appaiently similai ciicumstaiiees In oiu expeueiice"- the 
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state of piegnancj auci pueipeiium is one in which infections aie paitieulaih 
pi one to piochiee e\aggeiated Ieiicocj*te responses The same seems to be tine 
of ceitaiii infections iii lntallc^ Piom anothei standpoint, some infectious 
seem to cause intense stimulation of one kind ot leueoc;i>te otliei infections aii- 
othei kind of leucoej te, and still otheis cause little oi no leucoccde stimulation 
Given a knowledge ot the tApe of infection pieseut the age and general 
status of the patient, and the usual oi “noimal” leueoejte response to the infec- 
tion, it IS then quite possible to obtain, tioiii accuiate seiial obseivations of the 
changes in the “iiucleai index ” the “stafi count' oi tiie '‘nonfilament neutio 
phile count” some infoi mation ot prognostic lalue 


SUMMVRY VXD CON'CLl SIOXS 

1 The absolute age of tlie difteieiit leucocvtcs in liealth then noimal ‘ life 
span” 111 the blood stieain and the dinatioii of the seveial “stages” in then 
noimal life evcles, are all unceitaui 

2 The absolute age ot leucocvdes in lelation to intection is also unceitaiii 

3 The lelative age of ueutiophilc leucocvtes in the blood stieam is paitlj 
measurable, in teims ot nucleai segmentation, to this limited extent nonseg- 
uient (nonfilament) nucleai s aie toi the most part “voungei” than segmented 
(filament) nueleais 

4 In states of infection tlie piopoition of lelativelj joung forms ot ueutio- 
philes IS iumlly (but not alwavs) iiici eased above that level which is iiioie oi 
less chaiaeteiistic of health 

5 This lueiease ot nonfilament foims in the difleiential count mav occu- 
sionally be ot some diagnostic impoitance in that it may duect attention to the 
existence of occult intection oi to the dev^elopnient of an unsuspected 
“complication ” Intection however is not the onlv cnise of a “shift to the 
left ” 

6 The magnitude of the inciease (i e the degree ot “shift lo the left”) 
and the ehaiactei ot the ‘voumr tonus” involved in the increase (i e the tvqie 
of “shift”) mav be of some pioirnostic value wlien repeated obseivatrons me 
made 

7 The piognostic value ot such observations is tai from absolute and the 
“information” thus obtained is to be considered in piopei lelation to all the 
otliei available ev iclence 
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A STUDY OF THE WHITE AND DIPFERENTIAIi COUNTS IN SIX 
UNSELECTED CASES OF INOCULATION MALARIA* 


G A Winfield, MD Clevelvnd Ohio 


QURPRISINGLY little has been leported on the leucocyte and diffeiential 
eountb in malaria, most of the work being confined to investigation of the 
led blood cells It was thought that a study of these eells might piove of value 
in inoculation malaiia, as used in the tieatment of paresis, both from a clinical 
standpoint, and as a means of detei mining whethei or not this inoculation 
inalana differs trom clinical teitian malaiia It was also decided to study the 
so called nonfllament count with the hope of gaming moie information, par- 
ticulaih inregaid to the severitj of the fcvei 

Craig* reports “As regaids the white coipuscles, nr general the reduction 
in their numbei coriespoirds with that of the reel cells During the paroxjsm 
tlieie IS often a leucocj tosis, while between the paroxssms the leucocjdes are 
maikedlj ledneed m niimbei This is m geneial true of all foims of malaiial 
fevei but in some eases ot tatal peimcioiis malaiia leucocrdosis is observed 
iliicli attention has been paid to a relative increase in the mononuclear leucoevtes 
as of diagnostic impoitaiice in malaiial infection While probably m a majontj 
ot instances theic is a considerable increase m this tvpe of cell, it has not been 
the writu’s eNpeiience that veiv much weight can be given in diagnosis to a 
mouoiiiideai iiicieasc is it oceius m so maiiv conditions not malarial in nature ” 
Alienation of the leueoevtes is s.iul bv one obseivei- to be the fiist tlimn- observed 
tollowiiig moeuhitioii This alteiatioii pieceeled the tevei and even the m- 
peiiuiee ol the p irasite m the blood oi eiilaigcmeiit of the snleeen T 
u,„,uui „„K 
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o± coinplicatious Eiueisou'' and Thompson'' lepoit a Icueoejtosis at tlie time 
of iigoi, with a luodeiatc leucopeuia dm mg the apyic\ial peiiod Tliompsou'' 
lepoids in addition, a leucopeuia i\hen the iiaiasites aie numeioiis a use wlien 
they aie few, and a inaiked leiicoe>d:osis nhen tlie^ cannot be detected Mom- 
son notes tliat the leucoeides aie below iioinial dniiiig the teluile peiiods and 
aboie 1101 nial attei tliese peiiods 

As legaids the difteiential count, the most constant and peisistent hnding 
in malaiia has been an ineiease in the monoc>tcs This inoiioci tosis is said to be 
piononiiccd in the apviexial peiiods " •’ and least mailvcd dniing tlie febrile 
pciiods, and is the inveise ol tlie tempeiatnie euive*'’’’ MHieii monocitosis is 
late m appealing it is pieeeded bi a high Ij mplioci tosis - iloiiis'^ lepoits a 
monocytosis duiing tlie apjiexiat peiiods as liigli as 90 pei cent, peisistmg some 
months attei the levei has subsided This monocitosis is said bv mam to be ot 
value 111 diagnosis Bolin^* believes that the blood pictnie is so chaiacteiistic as 
to be diagnostic e\en in the absence ot the paiasitcs Swan^= docs not believe 
that a huge mononueleai ineiease is constant eitliei in the acute stage oi in cai- 
iiei's, but states that it, in suspected cases theie is an increase it is leasoiiable 
to assiiiuc that the patient has malaiia oi has had it Ciaig,^ on the otliei liaiiel, 
does not believe tliat much impoi lance can be attached to this finding in 
diagnosis 

Bmoisou-' notes a lelatne deeieasc in the pohmoiphoniieleai cells IiOss 
finds that the polymoiphonuclcais, although tew in nnmbei duiing the apiiexial 
peiiods, do not \ai\ imich tioin daj to chn Secen dajs aftei the te^el theie is 
a maiked ineiease, and much laiiatioii 

The lymphocjtes appaieiith do not change much, although Talbot'^ le- 
poits a lelative and constant ineiease in the small lymphoc}i:es, as high as 
54 pel cent 

Hughes and Shinastou,“ woiking with quinine obseieed that a single dose 
of this diug, adininisteied inti ae enouslj , pioduced a ]eiuoeji;osis, which thei 
thought was due to coutiaetion ot the spleen This leueoejtosis was tollowed bv 
a leucopeuia, the i eduction in hmphoeytes being most maiked, although the 
Iioljnnoiphonucleais weie also i educed Oial admiuistntion caused a small in 
Cl ease in the leucoevtes, afteetiug chiefly the laige hmphocjtes and moiiocj’tes 
Sipeistein and Litnian'-’ noted a use in the white blood cell count afteetiug the 
monocytes, and showed that when quinine was combined wnth allealies theie was 
a sliaip rise in both the leel and white counts, which leached a maximum on the 
second day 

Biiefly then, the difteiential count iii clinical malaiia is chaiacteiized bv a 
modeiate leucopeuia, with a lelative deciease in pohniioiphonueleais, and a lela- 
tive ineiease in mouoevles, pionounced in the alebiile peiiods, and cleeieasiug in 
the pjnetic peiiods 

Peihaps the most inteicstmg teatiue ot the blood pietuie is to be found in 
the so called “filament uonfilament count,” oi the modified Aiiieth polvmoi- 
phonueleai count The value of the Aineth count has been Imowai since its in- 
ception in 1904 It IS common knowledge that infection causes a “sliitt to the 
left” ot the poljmoiphouucleais, that is, an ineiease in joung foniis In health 
the numbei of nonfilament cells, oi Aineth Glass 1, langes fiom 5 to 15 pei cent 
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of the difleieiitial count Tins count, clone dttei the modified method ot Failey, 
St Clan, and Reisingci'” is simple ami mas be tpnekly calculated It is le- 
maikably stable m health, acij hCiisitiNO to jutection of all types, and accoiding 
to Cooke and Poudei'^ inai gue cMdcmcc ot toxemia betoie tlie geuetal blood 
pittiue gnes anj indication, and liouis oi even a da^ bcfoie the onset ot clinical 
signs Rezmkoft,"’ Minoi and Ringei’* note the finding ot an unexpectedly 
bad pictuie which was appaieuth not justified b\ the natuie ot the case but 
the lehabihtv of whieli was substantiated b\ subsequent devcdopments 

Cases in which the piicentage of uumatuic cells leaches 50 pei cent betoie 
death aie unusual Laige-^ behcces a nonfilament count ot 50 pei cent oi ovei 
caiues a fatal piognosis in mtectioivs othci than inalaiia Kop" made use of 
this count in malaiia Blood counts weic t ikeu daiK at the same hoiii He 
noted a maiked shift to the lett, with the Aineth Class I (nonfdament) cells as 
high as 52 pei cent and concluded that a shift to the left in the neutrophilic 
blood picture was the most constant finding m malaiia that it peisisted for a 
considerable time aftei the fevei bad subsided, and w’as of value m diagnosis 
Also that an incieasiug shift to the left indicated a coming lelapse hlacfie-^ 
repoits a tatal ease of malaiia with a noiifilanient count of 78 pei cent Hen- 
son”* substantiated the finding of a shift to the lett in infection, but stated that 
in malaiia there was no change fiom the nounal Aineth pictuie 

Nine cases of paiesis treated with malaiia weie investigated along these 
Imes of which six only aie lepoited, because these wcie luoie fully investigated 
No attempt was made at selection the cases being taken as they were admitted 
for tieatment All cases weie inoculated b> the mtiaveuous lonto wntb benign 
teitian malaiia fiom othei paretics Of the six cases, two weie complicated, 
necessitating a teimination of the malaria, winch was done by oral administra- 
tion of quimne In one case the fevei subsided spontaneously, and in one case 
the parasite was never found in the blood, although the patient had tw'o iigora 
similai to those of malaiia, occuiimg too long aftei inoculation to be due to 
protein shock 

In ordei to keep anj peiwonal erioi constant, the blood for all counts ivas 
taken by me, and all counts made by me peisonallv Fiom time to time these 
counts weie checked bj othei workers, and in cases of clisagi cement, were le- 
counted until they checked Two xvhite eeB counting pipettes only were used 
foi the entire senes of connts, and all total counts weie made with the same dilu- 
tion, using the same eountmg ehambei for each count The differential counts 
Weie made on caiefnliv prepared covei sbps, stained with IVright’s stain, and 
mounted Two hundred cells weie counted m each diiieiential count It has 
een shown by Cooke and Pondei'® that the erior lu the nonfilament count is so 
small that it is sufficient to count 50 cells In all eases leported 100 cells weie 
counted These aie lepoited, not as a peiecutage of the cbftereutial count but 
as a peieentage ot 100 neutiophiles, thus making the nonfilament count coi- 

respondingly higher than that of othei obseiieis Twents per cent was taken 
as a high noi nidi "as lamn 


w '»*'<^»latioii to estabbsh a normal 

for the nidmdual All counts weie made at the same hour dailv m oil 

No „.e ch.i>s It ..I, u£ :ZZ2 
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^\eie made duiin" periods of fe\er and some m the atebiile period This may 
account for the daih vaiiation found in all casts The tempeiatuie of the 
patient at the time the count nas made nas noted It was found that tins bore 
no constant relation to the counts in anj war, and hence it is not reported The 
liatieuts were lollow’cd daih as loii" as the 3 remained m the hospital 

LEUCOC\TE COUNT 

In all si\ eases theie was a leucopenia, w'lth a gradual return toward nor- 
mal at the end ot the intectioii tistiallj beginning soon after the termination ot 
the terei The letieopeiiia was marked, two cases tailing below 2000 cells The 
1 etui 11 to normal was gradual iii all cases The leucopenia was delajed as long 
as toitj^-eight hour's alter inoculation One ease showed a transient rise attei 
inoculation, followed bi' a tall Both complicated cases showed a pronoimced 
leucocctosis at the onset ot the complications 

DIFFEREVTIIL COUNT 

A Neuil oplulet, — Four cases showed a rise in the neiitiophile count twentj- 
foiii horn's after inoculation The count railed tiom dav to dav but all cases 
showed a piogiessire fall, cvcept the complicated cases Of these one shorred a 
marked use (to 88 pei cent) the count lemaming high with a slow letiira 
torvaid noimal at the end ot the staj in the hospital In both complicated cases 
the ireutioplrile count remained hmhei than in rrircompluated eases There rras 
a marked fall at the teimiiiatiou of the ferei in thiee cases One case subsided 
spoirtaneoush (rnthout ciuinine) and showed the same marked drop after the 
abatement of fevei The fall oectiiied two oi three dars aftei the p 3 iesial pe- 
iiod, and was abrupt, coiitinuing low, then giaduallj using towaid a normal 
level 

B Lympliovijtes — Small and laige Irmphocrtes hare been gioriped to- 
gether in all eases 

The Ijmphoeytes showed the same diurnal variations Tlier lose giadiiallj 
throughout the infection Ot the two complicated cases one continued at about 
the same lerel, and one showed a marked drop Three cases shorred a marked 
use at the ter urination ot the ferer occur ring on the second or thud dav A 
fourth sirbsided spontaneouslr’' (without quinine) and showed the same relative 
ljunphocj tosis 

The stiilang teatuie is the aiiiiioaeli ot the neutiophile and Ijmrphoejte 
curves after the fever has been teimiuated This occur red in all cases except 
those rrhicli rreie complicated It ot cur red nr the case rrhrcli subsided spon- 
taneoiislv, and also in the case in which no parasites were found 

C Monocytei — There was a small iiieieasc in mouocjtes follow'ing inocula- 
tion, rrliieh risuallj^ occriiied before the appeai'ance of the parasite in the blood, 
or of rigor, and was ot some rahre in pi oguosticating the appearance ot chills 
The maximum monoer'tosis found iii the six eases was 12 per cent One case 
shorved a drop about lialtrvaj thiorigli the couise, the count renrammg lorv 
throughout the duration ot the patient’s star' One complicated ease shorved a 
material drop at the onset ot complications The lowest count was found in the 
ease in rrhicli inoeulatioir rras unsuccessful Tm.ee of the eases showed a con- 
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suleiable use attei teiiuinutiou ol the l-evci bv ((iiinine One ease subsid. d spon- 
taneoush without (iiiinme, and showed tin same use iwo cases weic not lua 
tenally aftceted 

D Othet 2'i/pcs~Thc otliei ttpes ot white tells showed no chaiifres woitJn 
of note 




Chart 2 — A giaphic representation of the total leucocyte count and the nonhlament 

VArncth Cl ibs 1) ccUb In this case the leucopeula \%as not marked (Case IB 

^Mnte blood cells nonfilament count. % 100 neutrophUes ) 


NOXFIIiAAlEMT COI^T 

All cases showed a use m nonfilament cells attei inoculation This count 
was lemaikabh constant tluoughout The cui\e was propoitional to the 
ot the infection In one complicated case tlic count lose as higii as 
Sh pci cent betoie the condition of the patient appealed seiioiis, and betoie the 
diltcieutial count showed am mateiial change This is the highest count esei 
ohsciMd at this Clinic *' In all cases the count itmained high duung the 
comsi ot the tecei with a giadual utuin towaid iiounal at the teimination 
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The cliop Wds BWst mdiked dt the ttumuatiou o£ the fcbiile penoO Tbo eases 
did not sJiow this mailvod diop (one bubsided ^\lthout qmnine), and the 2 iatie) 3 ts 
weie disehaiged m good pin steal eonditiou nitli noiifilament counts of 66 pei 
cent aud 44 pei cent lespectnelc 

In all cases uheie inoculation ixas successtul as ecudeuced b\ dulls and 



Ch'xrt 3 — Inocuiition wns not successtul In this else The dUterenti »1 count does not 
show the same xariation The monoc>tes are relatKep tew in number (Case IIV. 
— 0 — 0 — 0 — 0 — polymorphonuclears — — — — — h mphoex tes 
monoextes ) 



Chart 4 — Leucopenla Is shsht, and tlie nonfiHnient count did not rise nboxe 3S per cent (Case 
IIB xxhite blood cells nouftlament count, ““o 100 neutrophiles ) 

the appeal ance of the paiasite in the blood the nonfilament count i cached 50 pei 
cent and ovei The eases m which inoculation ivas not successful showed a 
maximum uonfilament count of 3S pei cent 

Charts aie shoxvu of tluee cases In Case 1 theie was an nnexentful eouise 
of fevei In Case 2 nioeulatioii was nnsiiecessfnl aftei two attempts In Case 
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-lU til it till louisG oL the tecei luul to be teiiui- 

wo„a .na.,. .,0 .u,s 

io.„ ....s ot t,. o..,. .cs .0 

make them moie appaxeiit 



Chart o — ^This patient became so ill as to apparent 

ere^fy ^ aTs^mar'tlfr t^^o^^r^es never meet (Case IIIA 

— 0 — 1) — 0 — 0— poh morplionuclears — lymphocytes 

monocytes 1 



Chart 6 — The leucopenia is mole marked The nonhlament count rises abruptly to 
reich a maximum o£ 88 per cent on the sixth day twentv tour hours befoie an appreciable 
chanse is noted in the differential count Transfualor on the nineteenth day cut the nonfila- 
ment count in halt and more than doubled the iihite blood cells Recovery was uneienttul 
(Cast RIB white blood cells nonfllament count % 100 neutrophiles ) 


SUMMARY 

1 Dailj white difteiential and noiifilament counts aie lepoited m six un- 
selectcd cases o£ inoculation inalaiia 

2 The blood pictuie in inoculation malaiia diffeis niateiially fiom that in 
clinical teitian nialaiia 

3 Leucopeuia is picsent tliiougliout the com sc in uneompheated cases, 
often niaiked, with a giadual use tow aid noiiiial aftei the infection has 
teimuiated 
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4 The neutioplules fall giadiiallv, and show a maiked fall at the teinnua 
tioii of the mtectxou 

5 The Ipnphoextes shon a slight use tluoughout the eouise nith a shaip 
use at the teunination 

6 The monocytes show a model ate ineiease wlatli usual Ij oeeuis befoie 
the appeal ante of the paiasite m the blood 

7 Othei tjpcs of cells aie not mateualh aftected 

8 Theie is a maiked meieasc lu the nonfilameut count, winch is piopor- 
tional to the seieiitj of the uiteition The count lemains high tluougbout It 
is of value in piognosis and diagnosis 

9 Theie is a noticeable cliheience m the blood pictuie in complicated cases 

10 Inasmuch as these changes occuiied m all cases it is doubtful wliethei 
ciiuiiiue has plaied auv pait in their appeaiance 
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Roy R Kkvckc. M D Emory IlNivt-RSiTY , Olorgia 


'T'HE teim -.n.uuvloc\topenia luoie coiucth expresses the actual tondition e\- 
i istiug 111 that disease Ivuoymi inoie coimiioidy as agianulocvtosis than any 
that has been suggested It has the tmthei viitiie of being consistent nith the 
accepted nomcndatuie desciibing \ai rations in luiinbeis anc percen a^es o 
11 lute blood cells Am term that is expiessive of the essential pathologj in 
agranulocjdosis should be adopted and fuitheimoie, it should possess the added 
viitues of simplicity and pionounceabilitj The term agianulocytosis in i s 
strict sense, means “an incicased number of immature giaiiulai cells, iiheieas 
gianulopenia expresses “a decrease of the granular cells ’’ The term gianu- 
lopenia fits the classification pioposed by Boeinei,' nlncb slioukl be adopted and 
winch is given below 

Xeutropeiin — A decrease xn ixeutiopliiles 
Basopexna — A dccreast m basophiles 
Fosiuopema — A decrease m cosinopliiles 
Ljmpliopiiin— A decrease m Ijmphoextes 
Itoiiopeuia — A decrease ui monoextes 
Granulopenia — A decrease in gianular cells 
Tliiombopenia — A decieasc in tliromboc) tes 

I would suggest the addition of the last two terms in the abo\e table as fit- 
ting tbe classification and expiessive of the pathology m agranulocytosis 

Gianulopenia seems to be a disease which may be acute oi cbionie severe oi 
nnkl depending upon tbe extent to winch the granular cells are decreased Hie 
condition known as agranulocytosis, is probabW the most extreme state ot the 
disease in yyhich the gianular cells practically completely disappear from the 
peiipheral blood, tins, lu turn, being folloyyed by local oi geneial sepsis, and 
nsnallj by death 

A mild 01 chronic gianulopenia imdoubtecllj exists in some patients, and 
maj be lesponsible foi tbe existence of certain symptoms and syndromes 
Roberts and I- have attempted to describe a variable clinical condition yylueh 
has Its cause in a decreased number of granulocytes Tins conclilion seems to be 
cbaiactcii/ed by weakness easy tiring, tendency to fatigue and cluonic exliaus- 
tion the seventy ot these sjmptonis being dependent upon the extent of de- 
ciease in the giannlocytcs We y\eie able to shoyy fiom a study of 8000 lecoids 
fiom piivate piacticc that the typical gianulopeiiic patients aie usually yxomen 
betyycen the ages ot toihi and sixty It is also this type ot patient ui yvlnch 
agi.inulocjtosis is most often seen, and one yylio has a cbioinc gianulopenia 
should alyyajs be legavdcd as a potential candidate foi the deyelopment of the 
acute attack 


trom tuc Dmvrtmint of Bi'ttnoljgj ami P ilhologj l,mor> Unixerbltj School of 
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Acute giauulopeuia, m A\]ncli the uhite cell count iua\ tall as lo\\ as 2000 
■\\ith 25 pel cent iieutiopliilcs, is chaiacteiized bj a sonieiiliat sudden onset of 
lassitude, ■weakness, a tendenc 3 ’' to sleep, and fieqiienth the de\ elopnient of ukeis 
in the Dial cavitj, oi in anj' aiea ot the body that is noimallv inhabited b\ 
bacteiia These bacteiia may be nonpathogeuic undei noiinal conditions, and so 
long as the ludiMclual is piotected by the daily confeiied immunity of the 
gianuloeytes, but nlien this is deei eased, thej’’ invade tlie tissues, pioduenig 
ulceis of callous tj^iies It is piobable that the clecelopmeut of ulcers and otliei 
evidences ot infection stimulates the bone maiiow to lenewcd activity and thus 
aids in the leeoveic’ of the patient 

I will now discuss in detail the subject of agianulon tosis nliich might moie 
coiiectlj^ be teimed acute fulminant gianuloiienia 

HISTORIC CL 

The disease non known as agianuloejdosis was first deseiibed in detail and 
given a name be Scliultz“ in 1922 Theie is little doubt, honecei, that it had 
existed for manj’-ceais piioi to that date since Senatoi^ described four patients 
with fatal phaijngitis in 1888, and Blown,-’ in 1902, desciibed a case ot “acute 
piimaiy phaijngitis w'lth extieme leucopenia,” in whicli the white cell count 
was 200 Furtheimoie, Baldiidge and Needles® liace tound a case ot undoubted 
agi auulocytosis in the leeoids of the Univeisitj ot Tow.i Hospital in 1910 Lai- 
son and Ban on' in 1913 lejioited “a case in which the fusifoim bacillus was 
isolated from the blood stieain ’’ Then iiatient died attei lunniug a septic 
eouise with ulceiation ot the upper jaw, with a white cell eoimt of 2400 and 
fusifoim bacilli in the blood stieam I teel that thee weie dealing with what we 
now legal d as agianulocytosis, and then lepoit is of consideiable impoi tauce due 
to the association of the fusifoim bacillus, an oiganism that must be legaided 
with suspicion as an etiologie agent in this disease 

An eighteen-j eai-old hoc wnth lecuiient agianulocytosis has leceutlj^ been 
deseiibed by Rutledge, et al ® and thej' refei to Leale’s® lepoit of the same pa 
tient when he was an infant It is piobable that the disease has existed foi many 
years befoie Schultz’s fiist repoit and it is also jnobabh tiue that the incidence 
has inci eased consideiably since 1922 Whethei this inciease is due to an actu- 
ally inci eased numbei of cases or to the fact that the attention of the medical 
world has been called to the condition cannot be deteimined, though the formei 
view is piobably coirect 

Vaiious names have been applied to the condition as, “Angina agianulo- 
cjdiea” by Fiiedmann,^® “mucositis neeioticans agiauidocytiea” by Weiss, 
“sepsis with gianuloeytopeina” by David,^- “malignant nentiopema ’ b-i 
Schilling,^® and a recent editorial in The Join nal of the Amei icon Medical Aa- 
sociafioid* lefei-s to the condition as “gianulocj topenia ’ The teim, “agianu- 
loejdosis, ’’ is still in cuirent use, but the teim, “agianulDCji-ie angina,” should 
be abandoned, since many of these patients show no oial lesions Howevei, it 
may be appbed to that class of patients shownng oral lesions, as they usually die 
of the overwhelming infection, wheieas the acute, fulminating type seem to die 
from the mere absence of neutiophiles wnthout showing any eiidence of infec- 
tious pioeesses 
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co.s,nci..o. 0 . <■— a.appea., 

1 AgranulotoMcosis, m mImiIi oisomc AYciskotten'' has 

asaaUy Mlowms cliamical poisms. as lOTzm 

demonstrated the toxic edect of benzen Gnffitb'“ xeported a case m 

bihty of pioducmg neutioplnlcs, xvbilc ia y p^^^j,,.^Ialegue^^ leports a 
a negio folloivnng aisphenamme ^beiapy ^ svplulities as being responsible 
similar instance and asciibes aisemcal tbei< py P ^ gianu- 

t.i at least eiglit collected eases The by Dodd and Wilkioson.- 

lar elements of the bone mairow las depiessive action of benzene 

meebban^^ and Farley =0 agiannlo- 

m an exeellent papei P= have ^^^^'^^^^V^peiitoneal in 3 eetion of smaU 
cytosis in rabbits by the subcu animals developed first a chrome 

doses of benzene over long periods, i attack vnth mouth ulcers, sepsis, 

granulopenia, this being follmved ^ unaffected, and the conclusion 

and death The red blood cells and p the more selective is its affinity 

xrasevident“thatthesmallei thedoseof CM , substances is 

for the myeloblastie tissues It is veiy imc ^ 

responsible for some of these cases mariow is temporarily depressed 

2 Agranuloradiation, m This happened in a patient I re- 

follomng excessive dosage of x-ray py gianular cells 

cently reported^’ and also ' a,,, are of tins effect due to excessive 

Clark”^ states that radiologists are ^ . qi-,onld be used m the regulation 
.eay dosage, »b.eb eeasoa e~ u - “'bJeTelfco^ts ~ 

Of the dosage m the treatment of Pf J j ^.^ay on the tissues “small 

makes the pertinent comment legarding the effect ot x ray 

doses stimnlate, large doses destroy ” unusual bacteiial 

3 Agraaplosepse., a 01 

tolas or to an nimsual respon^ »t tb b 

the many bacteria isolated beL found in a number of cases, and it is 

patients, the Bacillus ^ auism into laboratory ammals iviU pro- 
claimed that the introdnetion of this g Windham,^® Keeney^") 

yoke a marked leucopenia (Lovett, Q+rputocoe- 

Koborts and bowOTor, were unable to pr odnce » faLmato- case 

cu, bomolytiens isolated from the Wood stream of a ‘^ical, tulmmrtm c 
Norns^^ states that his leeently isolated sacchaiomycete produces 

these patients should fall into tins el-s .t -ay 
be possible that the large number xvho give a histoxy of oral mfeetion prior to 
their attack of nentropema had a depression of 

bv mouth oiganisras Such cases have been leporte jf annon, y r 
Mig,- ^Vhltebead,- Call, Gray, and Hodges,- Kastlm,=> Thomson ” Moore and 
\Yei(ler,” Skiles,'"’ Talley and Griffith,^” Blumbeig and Peace, Kracke, and 
othcis Bacteual toxins or dead bacteria could possibly produce a neutropenia, 
as suggested by Bromberg and Mmpbj ’s- patient developing a marked neutio- 
plulie leucopenia tollonmg t-vplioid piopbylaxis 

i AgiamdoccTosis, -ippaientlv a disease entity in vluch an nnknovn agent 
pioduces a depicssion ot the bone maiiow, this usulting m loss of neutroplulic 
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le&istaiiec, with siibseciiieiit oven\hclnuug intectioii ui those aieas ot the body 
normally inhabited by bacteiia Tins class should also include that tj^pe of case 
Mhich IS ehaiacteii/ed b 3 '' loss of neutiophiles and death without evidence of 
infection 

5 Aleucemic lymphatic leueemia, in mIucIi the giaiiulocytcs may almost dis 
appeal fiom the peiipheral blood 

6 Acute infectious diseases associated with leueopenia which is often neu- 
tioplulic in type, 01 a lelatne lymphocytosis uitli a low total Mhite cell count 
This blood picture maj* be due to an actual faihiie of the bone man on to piodiice 
the normal niinibei ot neutiophiles These diseases include typhoid, typhus, 
measles, mumps, malaiia, influenza, dengue, and sometimes sj-philis and 
tubeiculosis 

7 Koseola infantum, a neutiopenia of mfaiiej, piesciitiiig a definite clinical 
sjmdiome, but mIiicIi is not uecessaiity' fatal 

ETIOLOGY 

The etiology' of agiaiiuloeydosis is iinknoiMi though much vioik has been 
done beaiiug on the sequence of events in the elinieal couise The question was 
fiist biouglit up by Schultz^ as to nhethei the disease is piimaidy an unknown 
infection, lesiiltiug in bone maiiovi depiession (this in tuin follovied by ovei- 
vvhelming infection) oi vihethei an unloiovTO chemical agent is lesponsible foi 
the bone maiiow failuie to pioduce gianuloeytes 

In a eonsideiation of the possible etiologic tactois Kastlin'*’ asks the peiti 
nent questions Is the disappeaiante ot the neutiophiles due to 

1 an iiici eased peiipheial destruction ? 

2 an abiioimal distiibution of the tells 1 

3 failuie ot cell development’ 

Up to this time there is little oi no evidence to indicate that nici eased 
peripheral destiuetioii of the giauulocy tes is taking place The spleen is seldom 
enlarged, and the led cells aie little distinbed Eobeits and vieie unable to 
demonstiate a ciiciilatiiig agent vvducli showed evidence of toNieitv foi the ueu- 
tioplules 111 tins test we luived 2 cc ot the patient’s blood with an equal 
quantity of normal blood ot the same tyqie Two cubic centimeteis of the lattei 
was then mixed with an equal quantity ot a second normal blood this serving 
as a control Both weie incubated, and total and difterential white cell counts 
v\eie made at two lioiii intei’V'als toi foity'-eight lioiiis No difteiences were ob- 
served, though supravital studies (which might have given additional intoima- 
tion) weie not earned out 

The blood of patients with agianulocy tosis has been injected into laboratory 
animals, but no disturbance ot the blood picture resulted 

There is little evidence to assiuiie that the absence of the gianuloeytes is 
due to an abnormal distribution ot tlie cells I have checked both venous and 
capillary blood on the ten eases that I have seen and the counts were essentially' 
the same There is little doubt but that the abnormal distribution ot cells often 
affects the total white cell count, due to the so called "slutting ot the vascular 
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bed,” as is being so well deinoiisti.ited b\ Gdiiej IIo^\e^Cl, in these instances 
the relative peicentage ot iieiitioplulcs is little aftected 

It has been well denionstiated that the tailme to obseive gianulocvtes in 
these patients is due to a failuie ot cell development, since the bone maiiow at 
autopsy has been found consistently pool in giaiiulai cell elements, wuth eiythio- 
hlasts present to a noimal degree Piette*- has desciibed these findings in de- 
tail iloreovei, studies of the bone mariow have been made duiing the hfe of 
the patient by Buck,'® Zodek,®' and Schultz and Jacobwntz They all agree 
that the bone niaiiow' function is depiessed 

Piom a sunimaiy of evidence to date, I believe it can be reasonably con- 
cluded that agianulocytosis is piimaiilv a dysfunction of the bone marrow and, 
as suggested by Bobeits and nl^self,®® this is then followed about four days later 
by the disappearance of the gianulocj tes in the peiiplieial blood Since the nor- 
mal life span of the neutiophile is about foui davs,’’' we weie able to show that 
the blood stream changes were manifest about seventy -two hours pnoi to the 
cluneal onset Similar observations have been made by Ehimann and Pieuss,"'® 
Baatz,"® Hunter,-' and Lautei,-® Ashworth and Maphis,-® and Kraeke Eut- 
ledge, Hansen-Pruss, and Thayer,® m carefully studjung a case of recurrent 
agranulocytosis, noted the decreased neutrophiles prior to the clinical onset 
during a large number of attacks 

Assuming tliat agranulocytosis is piimarily a dysfunction of the bone mar- 
row', the next point in consideration of the etiology' is the nature of the unknown 
substance responsible for this depression 

As indicated betoie some of the substances biouglit out under the heading 
of agranulotoxicosis may be responsible, these including arsenicals, bacterial 
toxins, dead bacteria, benzene and its allied and related products This has 
been well discussed by Jacobsen-^ The tact that about 75 per cent of these 
cases occur in women between the fourth and sixth decades, that the disease 
was first reported as a clinical entity in 1922, that about 90 per cent are reported 
from Germany and the United States, and that benzene products probably have 
their widest usage in those two countries, lends furthei support to the possible 
etiologic factor lying in that field 

All cvho have the opportunity to study these cases should carry' on thorough 
baetenologic and hematologic laboiatoiy studies so as to add further informa- 
tion bearing on the etiology and, m particular, should obtain thorough and com- 
plete histones with especial leferenee to the use of unusual foods, drugs, cos- 
metics, clothing, shoe and ban dvcs, and otliei substances of a laie nature that 
may contain bone maiiow' depiessing substances, as benzene or its allied 
products 


The laigc numhei of eases giving a lustoiy of oral sepsis oi tooth extiactions 
prior to the onset should be carefully investi"ated as to dings, chemicals, mouth 
washes or local treatment used duiiiig that peiiod Shea- believes that oial 
sepsis, aud Vincent’s oiganisms lu paiticulai, is the cause of the disease He 
cites the frequent occuucnce ot mouth lesions m the disease and the incieased 
meidcucG ot Viiwciit’s angina since the wai At Emoiy Unixeisity we aie nnrc 
eariMiig on cvtcusue blood woiU on a laige seiies of that class of patients 
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IXCIDENCE 

The disease oceuis cliiefl}’- m muldle-aged Moinen, usuallv m the fouith oi 
fifth decade Mith a ratio of foui ■\vomeu to one man Hodges-'® leports thiee 
cases in males, -while Hutcheson-'' lepoits two males in fice eases Theie is no 
age limitation, as eiidenced by Jacobsen’s-* lepoit of an mfant, Bantz’s®® case in 
a boy of foui, D\er and Hehng’s’® case in a boy of six Goidon®® desciibes a 
woman of sixty-si\, and Kobeits and P® a woman of seventj-two \eais 

The disease is appaiently not contagious oi infectious, though Hait-® de- 
seiibes thiee eases in one family So fai as I know, theie is no othei recoided 
similai instance It has no seasonal vaiiation but does ha\e geogiaphic lunita- 
tions About 80 pei cent of the eases ha\e been lepoited fiom Geimany and 
the United States At this time I ha\e found onlj two eases fiom England, le- 
poited by GairocP® and Batten®* Rcpoits fiom Italy aie quite numerous and 
in 1929 Yaiiii®® stated that onlj thiee cases had appealed in the Russian liteia- 
tiue A small bo-s has died witli the disease in Japan and Bakkei and Kinei®® 
1 epoi t one fi om the Dutch Indies 

It seems to occui in all classes ot life and occupation, haciiig been lepoited 
in school childien, housewives, business and piofessional women, laboieis, sciub 
w'omeu, physicians, faimeis, piostitutes,'and ladies and gentlemen of leisuie, 
it seems pecuhaih pievalcut m the last named class Poi some leasou the inci- 
dence of the disease is high among physicians and nui-ses The liteiatuie af- 
foids many examples of this In the eight cases of Haikins®* was one doetoi, one 
medical student one nuise In the ten cases I have seen was one doctoi and two 
nuises Repoits ot the disease m nui-ses and physicians ha^e been made by 
Logefiel,®- Fisliei,®® and othcis It is confined laigely to the white laee Talley 
and Griffith,*® howecer, leport one case in a coloied female, aged thiitv six, who 
had been taking aispheuamiiie Theie seems to be no occupational etiologic 
faetoi 

SXMPTOMS VXD CLIX'ICAL COURSE 

There seem to be foui distinct clinical types as follows 

1 Acute, fulinmant type with no infection 

2 Acute, fulminant type with locabzed oi geneialized infection 

3 Chionie type with acute i emissions 

4 Chioiiie type with no acute attacks 

The acute attack sometimes begins with the patient having a piodiomal pe- 
riod of two 01 thiee davs of weakness, lassitude, malaise, and peihaps soie 
throat Some have no piodromal peiiod, the attack oecius suddenly without 
warning The outstanding featuie is the extreme weakness and almost com- 
plete piostiation One patient stated that she had no pain, but was so weak 
that “she could haidly laise liei head fiom the pdlow ’’ They usually suftei 
no diseomfoit, unless theie aie ulcerations of the oral cavity Fiequently, theie 
IS a maiked dy^sphagia and vaiying degiees of edema of the eeivieal tissues 
Theie may be uleeis on the anus or vagina, but in some cases no ulceiations aie 
found in any locality Jaundice is present in about 40 pei cent and Hueper®* 
noted gallbladdei disease in tluee out of seven eases Aside fiom the ulcera- 
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tons, thsio «« tonally no postovc ,il.ys.oal flmlmss These ,s an 

rate, and me, eased te.ape.atn.e may be found m those tvho have ov.dence of 

infection The Inngs aie noiinal except in those who die of a teirainal 

“n:rTa..es A p«..ent n.a, bve to shotv emdenee of blood stream 
and localized infection, again, death may occiu Mithin tno oi thiee dajs, ap- 
parently from teiininal pneumonia 

The acute, fulminant cases usually die, but, if one lecoveis fiom an attack 
the comse then becomes cliionic (with the piobabilitv of a futuie lemission) 
and the blood count slowlj i etui ns to a low level foi noimal with the iieiitio- 
phihe percentage alwa^ s low Eemissions have been obseived foi as long as two 
}ears,“» but the usual time is fioni one to thiee months Because of the pioba- 
bihty of 1 emissions, the lepoiting of lecoveied eases should be done with con- 
siderable resem'ation 

As brought out befoie, theie also exists a chiomc type of neutiopema 
which may never show evidence of an acute attack The patient may have a 
white cell count as low as 1000, with the neutiophiles almost oi entirely disap- 
peared from the peripheral blood, and the average white cell count may range 
around 2000 to 3000 Such a patient, iiho is a phjsician®® has told me that on 
days when his white cell count is as low'^ as 2000, he is so w’eak, tried, and de- 
pressed that he is unable to go to his office On one occasion his count fell to 800 
with complete absence of neutrophiles, and he had a typical attack of a^amilo- 
cytosis It is also probably true that many individuals have mild attacks of 
weakness, loss of activity, and depression because of a lowered number of leuco- 
cytes I have recently had under observation a colleague who is in splendid 
health, but for a period of four or five days felt iveak, sleepy, tired and depres- 
sed During this period the leucocjte count averaged 4500 with 40 per cent neu- 
troplules, consisting of 3 uvenile, band, and young segmented types At the same 
time there w'as noted a mouth ulcer, which promptly healed w^hen the leucocyte 
count reached an average of 7000 to 8000 


LABORATORY FINDINGS 

The findings of greatest diagnostic value are those of the blood, in which 
there is a marked neutropenia with later involvement of the lymphocytes and 
monocytes 

The white cell count may fall as low^ as 100 cells per c mm with the total 
absence of granulocytes However, a count of 10,000 with complete absence of 
gianuloeytes has been obseiied I have seen one patient with a white cell count 
of 7000 and all lympliocjtes and raouocvtcs The red cells and hemoglobin aie 
little affected, except in patients ivhose illness is piolonged 


TIlROXinOPEMC GRANLLOPYTOPEMl 

Time IS otteu a hemoirhagie diathesis In defiiinig true agranulocytosis 
in which the oiigmal diagnostic cnteiia of Schultz are adhered to, then those 
casts showing a hemorihagic diathesis must be excluded However, more and 
moie lepoits ot associated hemoiihages, due m most instances to diminished or 
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absent platelets, aie appealing It is beconimg eiident that i\e can draii no 
hard and fast line betiveen those cases shoiiing nentiopenia only and those 
showing the same condition complicated by diminished platelets, piiipiira, bleed- 
ing, etc It is further evidence that in some individuals only the myeloblastic 
tissues aie afteeted, in some the tluomboci topeiuc tissues aie aftected, and in 
some the eiythioblastic are aftected oi that theie may occui combinations and 
variations in sever it j ot aiij’ or all of the tliiee In the last two cases I ha\e 
studied the outstanding cbnieal factois neie multiple, generalized and piotuse 
hemoimhages Yet the leucoejfte counts in each case neie below 1000 The 
platelets neie almost absent The led cells hoveied aiouiid 2,000 000 Theie- 
fore, aU of the elements of the bone maiiow ivere aftected, and yet it cannot be 
denied that agranulociftosis nas a predominant factor 

I have lecentl} studied a patient at the U S Naval Hospital, Washington, 
D C , whose white cell count has been aiound 2000, platelets markedly diium- 
ished, purpuia and bleeding, but the led cell count lelativeh unaftected Such 
a patient does not piesent the pictiue oi tine agianuloejftosis as oiigmallj de- 
seiibed, noi could it be classified as aplastic anemia Hence, 1 nould suggest 
that those patients shoning an imolvement of the myeloblastic tissues and the 
thiomboblastic tissues, but shoinng no anemia bo placed in a sepaiate classifica- 
tion Foi this, I would piopose tlie name tbiombopenic granulocytopenia 

The classification, pioposed name and difteientiation fioiu the so called 
idiopathic puipuia becomes of leal and piactical impoitance, since in the lat- 
ter condition, spleneetomr is a rational therapeutic proeediue, whereas in tluom- 
bopenic gianuloeji:openia it is obiious that spleueetoinj- would be of httle \alue 
in a condition nhose pathology lies in the inability ot the bone man on to pio- 
cluce the normal numbei ot platelets In those cases nith dimimshed platelets 
and pui^puia, nitli the nliite cell count bordemig on real agianulocj'tosis, it can 
be reasonably concluded that the same toxin that is aftecting the pioduetion ot 
one IS also aftecting the production of the othei This difteientiation ot the two 
types of purpuia ma^ explain whv splenectoinj sometimes fails to be of thera- 
peutic xalue in cases diagnosed as simple idiopathic puipuia hemorihagica 

BACTEKIOLOGV 

Many types of bacteria hare been isolated tiom the ulcerated areas these 
including B iijoeyaneiis bj^ Basse,"® Lovett,®" Keeiiev,®® aud others, Stieptococ- 
cus hemolyticus Vincent’s organisms, stapin lococei and raiious t\pes of 
gi am-negati\ e and gianr-positive bacilli 

Blood cultnies hace been positne m about 10 per cent ot the cases the 
organisms isolated including pneumococcus (Tj-pe 3),"“ B coh communis, ‘ 
Streptococcus hemolj ticus,-“’ Streptococcus ciiidans,®® B Acidi-laeti, B lactis 
aeiogenes,®" and others In one ease I uas able to isolate the Streptococcus 
hemolyticus from the blood stream, oral lesions, urine, sputum, teces, and 
multiple embolic abscesses 

Various oigamsms, including all of those named above, have been found in 
the heart’s blood at autopsy Piette"- found multiple bacterial emboli thiongh- 
out the kidnejs and stoiuaeh nail, and they hace been noted m other organs as 
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well As a Ksult »f deceased ..eutioplul.e .es, stance, ccdespccad baeter.al m- 
fiom the gastiouitestmal tiact is to be expected 


^aslon 


PATnOLOGA 

In the aeute fubumant eases theie maj be no 
lesions except the chaiaeteustic changes lu the Ivulentlv due to the 

IS a led mauow ivhuh has been I'lanVloT^es' ’ The granulocytes are 

absence of the supportive elements of tl e ^ vthroblasts 

decieased ox entuely absent, even to the myelocjdie forms " 

and erythxoeytes, houevex, axe piesexxt to a normal degree, 

fox the nox-mal eolox Such findings fuxthex support the theory ^ 

niarrou dysfunction role m pxoduemg the disease No bactexxa 

xnthe maxiow, except those distributed thxoxxghoxxt the body, and none of those 

xvere capable of repxoducing the disease in laboxatorji anxma s 

Tie necoho lesions ol the mouth, amts oi eeivix piesent essentially the 
same pictnie , that is, they aie eharactensed by the absence of a smronnding m- 
aammatoiy zone, since neutroplules are not available to form it They may vary 
widely m eatent, t.ngins fiom a lew small anpe.fie.al nlce.at.ons to eatensive 
eansienons processes Edema is often piesent m vaijnng degree m the eervteal 

^lSSUi6S 

The lungs frequently slxoxv subpleuxal hemorihages with axeas of pleural 
fibrinous exudate ovexljnng small consolidated areas which contain red cells and 
peihaps bacteria, but no leucocytes The digestne tiact may have ulcerations 
tliioughout its entire length 

In the acute cases, complicated by geneialized infection, the heart may show 
the changes of toxic myocaiditis, and the bvei show the changes incident to 
septic processes, including cloudy swelling, vaiying degrees of fatty degenera- 
tion, and occasionally small multiple areas of neciosis Bacterial emboli may 
be widespread The spleen is enlarged, daak red, and firm, the kidneys show 
evidence of cloudy swelling and may piesent the usual changes of acute nephiitis 
due to bacterial toxins 

Throughout the body the inflammatoiv changes are chaiaeteiized by an 
outpouring of lymphocjdes and plasma cells, accompanied by fiuid, with the ab- 
sence of the granulocytes 

The pathologic findings vary widely, being dependent upon the duration of 
the disease and whether oi not infection has become generalized 


TREiVTMENT 

The tieatment of agiannlocvtosis has been generally unsuccessful Va- 
iious antiseptic agents, as alcohol, tincture of iodine, meicuiochiome, iodoform, 
aispheuauiiue, silvei mtiate solutions and otheis, have been used on the ulcera- 
tions hut none of these seem to affect the couise of the disease 

Vaiious agents have been mjected lutiaxenously, as autistieptococcus serum, 
ibphthiiia antitoxin, nonspeeifie piotcins, vhole blood, autogenous and stock 
sacuines but none is eftectise Goidoiv^ olauns good lesults uith the daily sub- 
cutaneous niDection ot nueleinie acid Rezmkoff'^ has used daily intravenous 
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injections of 0 5 gni of acleiiiiie sulphate m 25 c e of saline and claims three 
euies All thiee, hoiievei, leeened othei therapy, including transfusions He 
fuithei states that the same tlierapy i\as used in six leucopenic pneumonia pa- 
tients, and foul of these died 

The most nidely used and piobablv the most \aluable theiapeutic procediue 
IS fiequeut tiansfusions The addition ot new blood Mill serve not only to sup- 
ply the needed gianulccjiies, but some believe miU stimulate the bone mairow to 
fuithei pioduction Ceitamlj'', the use of repeated tiansfusions is based on 
moie scientific facts than is any othei pioeeduie 

Fisher"® was the fiist to tianstuse the blood ot a leeoveied patient in the 
tieatment of the disease -iVlthough the nhite count vas down to 600 nith as- 
sociated puipuia, the patient showed evidences of leeoverj'' immediately follow- 
ing the tiausfusion, Mhich eiideuces did not follow the pieiious use ot trans- 
fusions of oidmary blood Chnsman and Hinton'" have repoited three cuies in 
as many patients by the same pioeeduie It is indeed foitiiiiate if lecoieied 
patients aie available for this puipose 

Many believe that the use of stimulating doses ot x-iay to the long bones is 
of value, though caution must be obseiicd against the use of excessive dosage, 
in which case actual damage is done Fiiedmann"-* has been the chief exponent 
ot x-ray theiapy He lepoited 43 eases tieated exclusively bj’^ x-iav He states 
that 23 died ot complicating sepsis, that five others M'eie moiibund this leaimg 
15 Mitli 13 actual reeoieiies Analysis of his report shous that actuallv, about 
one out ot three recovered Waters-" reports four recoceries in fi\e patients 
treated ivith x-ray and othei measuies I believe it to be of value if eautiouslj 
given in small stimulating doses by an expert with caieful checking of the blood 
picture Huepei"^ has proposed that gall bladder drainage be instituted in 
those eases that haie a definite histoiv ot gall bladder disease, but so ten give 
such a history that the use ot the pioeeduie has application to few cases, even in 
those, the ivisdom of any suigical pioeeduie should be questioned 

Any agent that is thought to be capable ot stimulating the bone maiiow to 
production of gianulai cells is worthy ot a trial Among these mav be men- 
tioned vaiious nonspecific piotein substances, vacemes, seia, adenine sidphate, 
niicleinic acid, seia of various types, millis, etc The intiaienous injection of 
dead typhoid bacilli maj be useful Kecentlj marketed preparations ot col- 
loidal sulphui have been shown to inciease the leucocyte count from noimal 
to as high as 30,000 in sj-philitics It is worthy of a trial The production ot 
sterile abscesses with tuipentine has been done by Eobeits and mjself 

At this time the tieatment is only palliative, theie is nothing specific that 
can be used in view of the tact that the etiologj’^ is iinknoivn Keilty'" states that 
he observed about 12 cases in a series of 5000 cases of oral sepsis, and that all 
recovered with appropriate local tieatment to the mouth lesions However, I 
doubt the coiiectness ot the diagnosis m his senes since he stated that no diffei- 
ential counts were available 

One writer states that he has used massive doses ot hiei extract by mouth 
with recovery of the patient, in spite of the fact that the jvhite cell count was 
below 1000 Mith complete absence of the neutrophiles Since the stimulating 
eftect of this substance on the eiythioblastic function of the bone maiiow is neU 
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known, it would seem that this ioim of theiapy is founded on latioiial giouuds 
It certainly can do little, if any, haim 

The substance sadly needed foi tieatinent of agianulocytosis is obviously an 
agent that is capable ot stimulating the bone maiiow and that will not damage 
the body tissues Such an agent has long been sought, but is not yet available 
It IS equally tiue in this disease, as in many otheis, that the efficiency of any 
treatment is inversely piopoitional to the nunibei of treatments that ha\e been 
used 

Piom a summary of pieseut knowledge, it seems that treatment should be 
based on the following lines 

1 Pieciueiit transfusions (immuno traiistusions, if possible) 

2 Stimulatmg doses of x-iay to the long bones, with careful checking of 
the changes in the blood picture 

3 Colloidal sulphui subcutaneously 

4 Massive doses of liver extiaet by mouth 

5 Use of local antiseptics on the ulcerations 

6 SjTnptomatic treatment, with partieulai lefeiencc to cardiac stimulation 

PROGNOSIS 

ApproMmately 250 eases have been reported with a moitabty of 85 per cent 
The 10 cases that I have seen aie dead Mandelbaum'* recently reported 4 
deaths in as many patients Rosenthal” has stressed the point that, in pa- 
tients with counts below 1000, death will likely occur, and in those \vith counfs 
above that figure, the chance for recovery is good This observation was based 
on 5 deaths and 5 recoveries in his senes of 10 patients It is probably tiue that 
the prognosis depends, to a large degree, upon the severity of the neutiopema, 
though WyatU® reported a white cell count of 700 with recovery, and Call, Gray 
and Hodges,^'* one of 640 have recently reported a patient with a white 
cell count of 470, followed by temporary recovery of two and one-half months 
duration However, this patient died of a thud attack Therefore it is well to 
beai m mind the tendency of the recovered patients toward remission If 
final reports on these patients iveie available, I believe that the mortality rate 
would appreciably increase 


CONCLUSIONS 


1 A classification ot granulocytopenic conditions, based on piobable 
etiologic factors, is suggested 

2 A clinical classification of the disease is suggested 

3 The condition is briefly reviewed, with particular reference to possible 
etiologic factors 


4 Accumulated evidence points to the disease being piimaiily a bone mar- 

row depiession, followed ni some instances b\ localized oi generalized infection 
01 both ’ 

5 It IS apparently a clinical entity 

G The name thrombopenic gianulocytopema is proposed for those cases 
(-oniplieatcd by diimnished platelets and hemoirhages 

7 The trcitmcnt seems to be of little mine and the prognosis remains es- 
sentialh as pool as when it was fust reported 



1004 


TIIK JOURNAL OF LVBORATORA AND CLINIC VL AICDICINE 


RUrERLNCLS 

1 Botruer, F itethod for Reporting and Interproting the Leukocj to Count, T L vb A Clin 

JlED 16 20(1 1930 

2 Roberts, S R, and Kracke, R R Agranuloi.>tosi3 Its Classification Cases and Com 

ments Illustrating the Granulopciui, Trend From 8000 Blood Counts in the South, 
Ann Int ilcd 5 10, 1931 

3 Schultz, AV Ueber cigonartige lialskcrangkungeu, Deutsche uied AVehnschr 48 1494, 

1922 

4 Senator, H (a) Ueber Acute Iiifectiose, I'lileginonose Pharyuxgitis, Alunchen med 

AVchnsclir 35 47, 1888 (b) Ueber Acute Iiifcitiosc Phlegmone dea Pharynx, 

Borl klin Wchnschr 25 77, 1881 

0 Broun, P K A Fatal Case of Primary Acute Infectious Pharviigitis AVith Extreme 
Leukopenia, Am Alcd 3 049, 1902 

G Baldridge, C AV , and Needles, R J Idiopathic Neutropenia, Am J Al Sc 181 333, 
1931 

7 Larson, W P , and Barron, AI Report of a Case in Which the Fusiform Bacillus W as 

Isolated From the Blood Stre im, J Infect Dis 13 429, 1913 

8 Rutledge, B H , Hausen Pruss, O C , and Thaj er, W S Recurrent Agranulocytosis, 

Bull Johns Hopkins Hosp 46 369, 1030 

9 Leale, AI Recurrent Furunculosis in an Lifaut Showing Unusual Blood Picture, 

J A M A 54 1854, 1910 

10 Friedmann, U Ueber Angina Agranulocxtotica, Med Klin 19 357, 1923 

11 Weiss, J Ueber die gengeiiseitegen Bciziehungen zwischen. Sehultzseheni Symptom 

klompex Akuter leukeinie uiid septischem mfekt, Wien Areh f Inn Med 14 
303, 1937 

12 David, W Sur frage dcr Agr mulocytose, Alcd kbn 21 1229 1925 

13 Schilling, V The Blood Picture, ed 1, 1929, St Louis, Tlie C V Alosbj Co , p 134, 195 

14 Editorial Agranuloci tic Angma, JAMA 95 1428, 1930 

15 Woiskotten, H G The Normal Span of the Neutrophile Leukoevte The Action ot 

Benzol, Am J Path 32 183, 1930 

IG Talley, J C, and Grifiith, G C Discussion of Six Cases of Agranulocytosis, Med Clin 
North America, 13 1079, 1930 

17 Slnie Pouziu Malegue Case of Agraiiuloeytic Angma Following Arsenical Therapy, 

Bull et mem See med des hop de Paris 52 17SG, 1928 

18 Dodd, K, and Wilkiusou, S J Severe Granulocjtic Aplasias of the Bone Marrow, 

J A M A 90 663, 1928 

19 Wheelilian, R Y Agraiiulocj tic Aplasia of the Bone Marrow Following the Use of 

Arsenic, Am. J Dis Cliild 35 1024, 1928 

20 Farley, D L Depressed Bone Marrow Function From the Arspheuammes, 4.m J AI Sc. 

179 214, 1930 

21 McCord, C P The Present Status of Benzene Poisoning, J A M A 93 280, 1929 

22 Kracke, R B The Experimental Production of .dgranulocvtosis. Am J Clm Path 

2 11, 1932 

23 Kracke, R B Agranulocytosis With Report of an Unusual C'lse, Am J Clm Path 1 

385, 1931 

24 Clark, J J Atlanta, Ga Persoual communication to the author 

25 Waters, C A Roentgenotherapy of Angina Agrauulocytica, Bull Johns Hopkins Hosp 

48 349, 1931 

26 Lovett, B Agranulocytic Angina, T A kl A 83 1498, 1924 

27 Lintlucium, F H Experimental Work on BacUlns Pyoceaneus, Ann OtoL, Rhin & 

Laryng 36 1093, 1927 

28 Wmdham, B E Agranulocytic Angma, Ann Otol , Rhin i Laryng 38 470, 1929 

29 Keeney, M J Pyocaiiic Angma, With Agranulocytosis, California S, West Med 33 

503, 1930 

30 Roberts, S B , and Kracke, R R Agranulocytosis With Report of a Case, JAMA 

95 780, 1930 

31 Norris J C A Yeast, Pathogenic for Man and Aimiials (Saceliaromvcete pleororphus 

yoruleiis) , Sou Med Jour 24 482, 1931 

32 Cannon, A B Some Unusual Dermatoses, South kl J 20 141, 1937 

33 Dyer, H L , and Helwag,«F C Agrauuloey tic Angma, Am J Dis Child 35 1041, 1928 

34 Whitehead, R C Agrauulocytie Angma Report of One Case Occurrmg m Man, Yir 

ginia’M Monthly 54 761, 1928 . ^ tit *i, 

35 Call, M , Gray, B H , and Hodges, F M Agr inulocy tie Angma Report of i Case Witn 

Recovery, Am J Roentgenol 20 550, 1928 

36 Kastlm, G J Agranulocytic Angma, Am J M Sc 173 790, 1927 



V RbVlLW or QRANULOCl'fOPLNIV. (AORANULOCVTOSI&) 


1005 


37 


Thomson, J J AgriimloLjtm Angin. Kepoit of Two Cases, Liryngoscopo 38 395, 


19^8 

38 Moore, J A , and Wtjder, U S Agr muloijtie Angiin Ecport of a Ciso With Two At 

tacks, JAM S. 85 512, 1921 

39 Skiles, J H Agruiuloojtic Angiiu, J A M A 84 363, 19-5 

40 Tallej, J C, and Griffith, G C Discussion of Six Cises of Agr mulocytoais, Med 

Clin Morth America 13 1079, 1930 , , « . n r* tt a Vft 

41 Blmnbcrg, A, and Poate, A B Agranulocj tosis With Report of a Case, U S vet 

Bur Atcd Bull 6 354, 1930 . n. i„.i 

42 Bromberg, L, and Murphj, P Agranulocj tic Angiiii Polloiving Prophylactic Typhoid 

Vaccination, J A M A 92 1266 1267, 1929 

43 Kaatlui, G J Agranulocytic Angina, Long Island M J 24 135, 1930 

44 Garrej, W E Studies on Fictors Influencing the Leukocyte Count, Read before the 

Southern Interurbaii Clinical Club, NaahviUc, Tenn , 1930 Unpublished 

45 Piette, E C Histopathologj of Agranulocytic Angina, J A M A 84 1415, 1925 

46 Buck, R W Agranulocytosis Associated With Anal Ulcer, J A M A 93 1468, 1929 

47 Zodek, I Agranulocytosis Question, Med Khn 21 688, 1925 

48 Schultz, W , and Jacobuntz, L Agranulocytosis, Med Kbn 21 1642, 1925 

49 Ehrmann, R, and Preuss, J Leukopenia in Sepsis, Kim Wchnschr 4 267, 1925 

50 Bantz, B Agranulocytosis, Munchen med Wchnschr 72 1200, 1925 

51 Hunter, R J Agranulocytic Angina, Laryngoscope 36 348, 1926 

52 Lauter Septic Tonsillitis With Agranulocytosis, Med Klin 20 1324, 1924 

53 Ashworth, 0 O, and Maphis, E C Agranulocytic Angin i With Report of a Case, 

Virginia M Monthly 54 237, 1927 

54 Jacobsen, A W Agranulocytosis, Canad M A J 22 814, 1930 

55 Shea, J J The Blood in the Various Anginas, Arch Otolaryng 12 366, 1930 

56 Hodges, P C Agranulocytosis Report of Three Cases, West Virginia M J 26 532, 

1930 

57 Hutcheson, J M Agranulocytosis Report of Pne Cases With Two Recoveries, Ann 
Int Med 3 904, 1930 

Agranulocytosis, Ann Int Med 3 1008, 1930 
Further Obsenations on Agranulocytic Angina, Laryngoscope 37 


58 Gordon, W H 

59 Hart, V K 

1927 

60 Garrod, L P 

61 Batten, L W 

1929 

62 Yarm, 0 P 


797, 

A Case of Agranulocytic Angina, Lancet 220 469, 1931 
A Case of Agranulocytic Angina First Case in England, Lancet 1 440, 


Angina Agranulocytotica, Vrach Gaz 33 2124, 1929 

63 Bakker, R , and Knyer, A Agranulocytosis Geneesk tiydschr v Nederl Indie 69 

542, 1929 

64 Harkins, H N Gnnulocytopema and Agranulocytica Angina With Eecoveij Report 

of Eight Cases With Pour Recoveries, Arch Int Med 47 408, 1931 

65 Logefiel, B C Agranulocytic Augma Report of a Case, Minnesota Med 14 696, 1931 

66 Fisher, R L A Case of Agranulocytic Angma Successfully Treated With Immune 

Transfusion, J Michigan M Soc 29 435, 1930 

67 Hueper, W C , and Garrison, L C Agranulocytosis and Its Surgical Aspect, Sure Clm 

North America 10 407, 1930 

08 Grieie, C C (Capt Med Corps, U S Navy, retired) Personal communication to the 

author 

09 Basse, H W Agranulocytic Angma, J A M A 91 1718, 1928 

70 Rose, E , and Houser, K M The Identity of So Called Agranulocytic Anema Arch 

Int Med 43 543, 1929 ^ ’ 

71 Guudrum, L K Agranulocyrtic Angma, Arch Int Med 41 343, 1928 

7- Reznikoff, P Nucleotide Therapa m Agranulocytosis, J Clm Invest 9 381 1930 
^ *"*1060, 1931^ ’ C C Agranulocytic Angina South Med Jour 24 

74 Ricamann, U Agranulocytic Angma, Ztschr f Win Med 108 54 1903 
7 > Keiitj R A Gmpntis as an Entitv, Including AU Forms From Acute Vincent’s to 
Chronic Pyorrhea, With Description, Bacteriology, and Pathology Read Before 

70 M i'',? ^“*■’’“’'’83. Southern Medical Association, Louisville Kv 1930 

-C Mandebaum, H Agranulocytic Vngma, M J A Record 132 535, 1930 

toscnthal, N Obsenations on Agranulocytosis, Larjmgoscope 40 592 1930 
9 ^ f Agronulocytosm, NewVL sLto J m 695 1930 

SO Kv iclm R It kgr inuloca tosis Follonmg Prophal ictic TvTihnul 1 i 

Fulton Count) Meilical Societa, mta, Ga , 1930 ^ Unpublished^*”"’ 



PRESENT STATUS OF THE STUDY AND TREATIilENT OP LEUCEiHA* 


R VPH \.EL Is uvcs, il A , M D , F A C P , Anx Arbor, ilicH 

T EUCESriA IS, at pieseut, a type ot disease uliicli Las lecened nuicL stud^, 
but wLicL IS still an imsohed piobleiu AltliougL it is a eompaiatively lare 
disease, it is of impoitance as at its basis is the veiv fiuidameiital pioblem of 
blood pioduction, as i\ell as the question of the nature, tJieiapy, and abnoimal 
physiology of neoplastic disease Tlie follomug leview sumiuaiizes a few selected 
points, which may be suggestne foi futuie leseareh 

Etiology — The cause of Icueeinia is still luiknown Theie are many fea- 
tui es which suggest a i elatiouship to cancel , inasmuch as a type of body cell ap- 
peals to lose its abilit3' to inatuie' - In this lespeet it is soiuenhat suggestive 
of the process which affects the led blood cells in pei melons anemia Some of the 
neoplastic ehaiacteis ot the white blood cells in leuceniia aie tlie uncontrolled 
growth, the tendenec to fouu secondaij'' foci of gioirth (metastasis), the progress 
to a fatal teinunation mth eachevia, the neoplastic ti pc of metabolic late of the 
cells, ^ the matmation with loentgen lay madiation, the failure to transmit the 
disease bj'- inoculation of human beings mth the blood of affected patients, the 
absence of bacteiiologic data of an etiologic nature, and the biith of perfectly 
normal children by leucemic motheis The cells appear to have a different 
chromosome number from normal body cells, uhich may account for their altered 
giovth potentialities The leucemia cells appear to be physiologically different 
from the tjqie of cell to which thcj'’ belong Thus, wlule lymphocytes are con- 
sidered as bemg associated with munuuologic processes in tuberculosis, a fulmi- 
nating form of this disease maj’- be present with Iniiphatic leucemia * Leucemia- 
like blood pictures oocui in lower animals,'^ and a tjiie associated with an 
inoculable agent occuis in fowls “ ^ 

Symptoms — The first swmptom of leucemia is ease of fatigue The snup- 
toms as a whole, fall into four groups those associated with an meiease nr the 
basal metabolic rate (uei%ousnoss abnormal peispiiatioii, loss ot weight) , those 
associated with enlaiged organs and glands (piessuie symptoms, pains, cough, 
diarrhea, constipation, frequency of urination, and smnlai sjmptoms on the 
part of any organ the function of which is distiubed because of the abnoimal 
growth), sj^mptoms associated with anemia and myocardial insuffieienej 
(dyspnea, edema, fatigue) , sruuptoms associated with abnormal metabolism fol- 
lowing the gradual piogiess of the disease (cachexia) The progressive anemia 
and, in lymphatic and acute leucemias, the blood platelet deficienev, are the le- 
sult of crowding out of the formative cells by the leueemie tissue Since the 
present treatment is sjmptomatie, it folloivs these four lines 

Types of Leucemia — ^Any of the cells of the hemopoietic system may be in- 
volved in the process — mjeloid, lymphatic, monocrffic, plasma cells, as well as 
tumor cells of various kinds In neoplasms of some organs, reir tew of the cells 

^roin Uie Tlionns Henry Simpson MeinonH Institute for iUilical Pesearch and 
Department of Medicine Unitersltj of Michigan 
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entei the blood stieam, ■\\hcieas in othcis the luiiubei in the peiipheial ciicula- 
tiou IS appieciable The nioie advanced the stage ot the disease fiiocess in the 
patient, the moie piiiuitive is the doinmant cell in the bone inaiiow, Ivmph 
nodes, and blood As the piiniitive cills of most of the types of leucemia aie 
small cells with lound nuclei, scanty, basophilic cjtoplasm, icticulai chioraatin, 
and nucleoli, theie is often some confusion in identifying then class In acute 
leucemias this type ot cell may pi edoiuinatc, and because of a supeificial le- 
semblanee to small lymphocytes, they aie oceasionallj' called lymphatic leucemia, 
w’heieas the acute mjeloid type is piobably the moie common The change fiom 
a chiomc myelogenous leucemia to the myeloblastic type at the end of the disease 
has often given use to the impiession that a myelogenous leucemia has turned 
into one of the lymphatic type All leuccnua patients, if they live long enough, 
end up m the “blast” stage, that is, the cells appear m less and less mature 
stages m the blood stream and the more iminatme foims aie seen in greater 
numbers in the blood foimiug oigans When the blood forming cells remain 
confined to the bone mairow and lymphoid tissue, but few of the immatuie cells 
reach the peripheral cuculation (aleucemic leucemia) Wlien the metastatic 
foci, howevei, develop m other organs, especially those that are in constant mo- 
tion, many immature forms are dislodged and the white blood cell count uses 
and the typical leucennc picture is seen® The disease may run an aleucemic 
course and terminate with a high leucocyte count, the increased numbers some- 
times appearing very shortly before death With any type of leucemia, the ap- 
pearance of increasing numbers of primitive cell forms (piimitive “blasts”) 
heralds a bad prognosis 

Tieatnient — The therapv of leucemia, at present, is purelj a treatment of 
symptoms The treatment, especially of the myelogenous type, with forms of 
aisemc (Fowler’s solution) was the method in most common use before the ad- 
vent of the roentgen rays After the general use of irradiation, aisenie fell into 
relative disuse, but recently attention has once more been called to its value ” 
Benzol has had a somewhat similar history, but its eliects aie less easily con- 
trolled and aplasia of the red bone mairow is a theoretic, if not actual dangei, 
at least in cei tam individuals 


The use of the roentgen lay or of radon has frequentlj been misapplied 
There is occasionally a feeling that this type of radiation ‘ ‘ kills ’ ’ cells, implying 
a toxic or necrotizing effect With blood cells, however, the action is of a dif- 
feient nature, at least with therapeutic doses Myelocytes, metamyelocytes, 
joung poljTnorphonuclear leucocytes, medium sized and small lymphocytes aie 
stimulated to go thiough the lest of the stages of then normal life process, and to 
die of semhty This elapse of time, betw^een the day of application of the ladia- 


tion, and the time when the cells are eliraiuated, is often called tlie latent period 
aftei loentgen lajs The action on primitive mjeloblasts, lymphoblasts oi mono- 
ccte blasts, oi the cells in the “blast” stage, is quite different These cells aie 
appaieutlj stimulated to lapid division and leproduction, and the disease piocess 
lb made woise uitliei than bettei Laige hmphocytes and cells of the niouoeji;e 
gioup aie but little affected bj' therapeutic doses of loentgcn lays 

Attei appiopuate tieatmem with eftectue doses of loentgen lac s oi ladium 
ttwn, IS I piogicssue moiphologic matiuatiou of the led and white olood eellsi 
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well seen in the polynioiplionncleai senes On the day aftei tlie tieatmeut 
theie IS usually an inciease in the white blood cell count and the number ui- 
ci eases until the cells reach the stage ot aetive leucocyte movement, when they 
leave the blood stieam by wandeiing out of the vessels tluougli the raucous meni- 
bianes ot the mouth and probably the stomach Undei similai conditions the 
IjTuphocj'tes aie dischaiged thiough the mucous membiane lowei down in the 
intestine The inciease in raatuiation ot the cells can be noted bv the increase 
in numbei of poljTnoiphonuclear leucocjdes containing nuclei with manj lobes 
instead of the single round nucleus of the metanij eloej te It has been shoivn^- 
tliat theie is a piogressive inciease in the morphologic evidence of age under 
these conditions It is charactei izcd bj a marked “shift to the light” m the 
Aineth count “ Theie is a demonstiable matuiation of iriadiated cells as 
shown by the increase in neutial led staining gianules and the deeiease in Janus 
gieen granules aftei iiiadiation, the toiniei gianules being eharactenstic of old 
cells, the lattei, of 3 0ung ones “ 

The loeutgen raj’s, then, stimulate ceitaiu cells in some stages to grow old 
and die ot sembty or be cliniiuated, while in othei stages tlie cells aie made to 
glow inoie rapidly The first eftect is desiiable, the second, undesnable There- 
fore, since both ot these changes take place e\eiy time a patient is cNposed to 
the radiation, it is adiisable to use this tjpe of theiapj as few times as possible, 
especiallj’ as each tieatnient becomes less eftectne It should be used only when 
(a) theie aie pressuie sj’mptoms fiom enlaiged glands oi spleen, (b) when 
theie is a high white blood cell count associated w’lth a high basal metabohc 
late, (e) when the piogressive iniasion of the bone mariow bj’ the leucemic tis- 
sue IS eiowding out the ei vthi oblastic tissue and is lesultiug in a continuous 
fall in the red blood cell count and hemoglobin content There is no indication 
for a routine iriadiation at ceitain intervals, as the ladiation does not cuie the 
disease but has a specific effect on the immatuie cells m the body at that given 
tune Treatment may be apphed over auj’ part of the bodj’, pieferablj a vascu- 
lar area, such as the spleen oi mediastinum Roentgen laj’ oi radon treatment 
IS eontiaindicated when the majoiity of the leucocytes aie in the “blast” stage, 
as in the acute leucemias, oi the mj eloblastic, lymphoblastic oi monoeytoblastic 
stage of the ehionic leucemias This is the so-called refiactoi'y tv’pe oi stage 
of the disease 

Blood tiansfusion has some eftect m alleviating some of the symptoms, 
especiallj when there is a marked degiee ot anemia Fiequently theie is a 
temporal j’ deeiease in the white blood cell count aftei a transfusion Iron, m 
simple foinis, is ot some value m ehionic lymphatic leucemia, and whole livei is 
also of some use Livei or livei CNtiact appeals to be ot little value in the 
chronic myelogenous form 

Lugol’s solution has a definite effect, especially m chionie Ijmphatic leu- 
cemia, in lelieving some of the symptoms associated with a high basal metabolic 
rate 

Because of the low lesistance to infection and tendency to bleed in leucemia, 
special piepaiations must be made befoie anj operative procedures are earned 
out It IS adv’isable to give loeutgen laj’ treatment until the white blood ceU 
count IS nearlj’ noimal, as the leucocytes prevent the formation of an efiicient 
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clot ui mvelogeuous leuceiuiii and tlie platelets aie deficient in number in the 
mi eloplitliisic anemia in the lymphatic and acute tjpes of the disease Routine 
remoial of the teeth as foci of infection is contiaiudicated Tonsillectomy has 
been of no gieat saluc in this disease and splenectomy has no raaiked eftect in 
prolonging the life of the patient oi stopping the disease 

At piesent all that can be hoped tor fiom the tieatments in use is the 
temporary restoiation of the patient to a degree of efficiency nliieh will enable 
him to hve a iisetul life at least during part of lus disease The aveiage life 
of the patient is about thiee and a half Ycais, uith fauly wde extremes uhich 
appear to he related to the constitution of the patient and not to the theiapy 
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TREATMENT OP THE ANEMIAS^ 


CArls C Stlrgis M D , Axx Arbor, Mich 


'T'HE most essential lequiieineut in the tieatment of an anenua is the aceuiate 
lecognition of the paiticulai vaiiety of the condition ^^hlch is piesent This 
IS absolutely neeessaiy because ceitam theiapeutie measuies Mliieh are veij ef- 
ficient in the treatment of some anemias aie entiielj^ useless m others Poi ex- 
ample, livei extiact and leutricuhn aie highly potent in peinieious anemia but 
aie ineffective in the ehionic seeondaii anemias On the othei hand, large doses 
ot non produce splendid lesiilts in some varieties of the lattei condition, but 
thej’’ aie without effect in pernicious anemia Splenectomy is a specific cure in 
chiome hemolytic jaundice but is coiitiamdicated in the mj^elophthisic anemia 
vhieli is associated vith Hodgkin’s disease, and which is improied bj the theia- 
peutie application of the loentgen lays The anemia ot myxedema yields readily 
to treatment mth desiccated tliyioid gland but is uninfluenced by h\ei oi desic- 
cated stomach which is sometimes given because the patient is thought to have 
pernicious anemia 

THE TRE-YTMENT OP CHRONIC SECOXDARX AXPAIIV 

The teim secondaiy anemia iias oiigiually uitioduced to mclude those 
anemias which i\eie due to lecognuable causes, m contrast to the piiraaiy 
anemias of unkiioivn etiologj Poi some years, however, it has been customary 
to mclude m this gioup also those anemias iiith a low eoloi mdex, despite the 
fact that their cause vas unknoiin This appears to be a logical grouping and, 
therefore, the anemias vhich inll be mcliided under the head of “chionic sec 
ondaiy anemia” in this aitiele are those due to bnoira causes or those which 
have a low eoloi mdex, oi those meeting both i eqiiii emeiits 

It IS difficult to estimate accuiatelj’’ the fiequencv with which the laiious 
anemias are encounteied m the piactice of medicine but imdoubtedlj’' chiomc 
secondaiy anemia has the greatest mcidencc This is true because there are so 
many different causes responsible foi the condition It may be associated with 
ehionic blood loss due to uterine disorders, hemoirhoids, bleeding peptic ulcer, 
neoplasms, improper diet, infections, and a large numbei of chronic long con- 
tinued diseases 

The essential requirement m the tieatment of secondarj’- anemias is to re- 
move 01 control the underlying cause it tins is possible Until this is accom- 
plished, it IS too much to expect that laiious measuies employed to overcome the 
anemia wiU produce then full effect The first step, therefore, in treatment 
consists m subjecting each patient to a thorough study m an effort to discover the 
cause of the anemia and remoi mg it, if possible If the anemia is secondary to 

•Prom Thomas Henry Simpson Memorial Institute and Department of Internal 
Medicine Uni\ersity Hospital Unitersitj of Michigan 
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, 1 thi‘i A^aiious iiitections, if pres- 

bleeding, eveij eftoit sliouUl be mac e - ascubmg the anemia to 

eat, should be elmunated but gj^ould be leasonable assmance 

various foci, such as teeth and ons pioduetion of the anemia befoie 

that they play a significant causative i 

they are removed Exti action ot ^ h ^ ^ ^ transient 

anemia m many instances, but has actually done iia 

resultant ntoutlt tufcetion and tttc tvttl, Hodgkm's 

foi a consideiable peiiod of time irradiation with 

disease and the leucemias, mipiovement can onlj lesult 

radium oi the roentgen rays beneficial to administei la> ge doses 

In many types of secondary anemia b 

of iron and in at least one type it P anneais to be increasing in 

Idiopathic microcytic or hypochiomie age and is 

mcidenee during the past feu years ^nmnlarnts decreased re- 
characterized by asthenia, vague gastrointestinal g^ndi- 

sistanee to infection, and a tavoiable response to ™ Xr 

tion has not received the emphasis to nhich it is entitled retet- 

frequently To overlook the conchtion andjmit ^ e pr 

mpect? but dXs"n he a'i mcidenee, as d occurs most frequently in women 
respects, but anters in ne . fortv-five years The etiology is unknown 

between the ages of thiity-nve anci lony j v nmt one 

although probably the cause is concerned with the metabol ’ 

view regards it as an non staiwation resulting from defective 

The important consideration when administering iron is not the nature of 
the preparation but the size of the dose As Witts^ very aptly states. Few 
facts in medicine are so unanimously believed by the 

by evidence, and so little knovm to the profession, as the absolute necessity of 
very large doses of non m the treatment of these chronic anemias Poor r - 
suits in the past have been due in many instances to an inadequate dosage A 
convenient method of administering iron is in the form of ferric ammonium 
citrate which may be given in a 50 per cent solution in doses amounting to 4 to 
6 grams (60 to 90 grains) daily, but probably the simplest and most satisfactory 
form IS reduced iron given in 0 5 gram (7^, gram) capsules three times daily 
All of these dosages are veiv much larger than are advised in most textbooks or 
111 the pharmacopeia, but satisfactory results wiU not be obtained unless these 
amounts are used Contrary to the usual behef, these large doses are well 
tolerated and rarely cause digestive disturbances 

The dietary habits should be investigated in all patients u ith a secondary 
anemia when the cause is not obvious, for there is considerable evidence that the 
ingestion of an obviouslj abnormal diet over a long period of time may cause a 
definite anemia This occurs principally in three types of patients, (1) those 
who have difficulty' in consuming tood on account of cardiospasm oi other 
uicchauical causes, (2) those who consume a most abnormal diet as the result of 
personal whims, and (3) patients with hypeitension oi nephritis wdio have ex- 
isted on a diet, usually exceedingly low in protein, foi a long period The cure 
ot the anemia can only' follow the taking of a proper diet which should be pre- 
scribed for the patient 
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THE TRE-\.TitrNT OF PUmiClOUS ANEMIA 

Betoie the 3 eai 1926 the tieatineut of iiernicious anemia iias higlilj unsatis- 
faetoiy as theie Mas no toiin of theiapj', Mith tlie possible eAteption of blood 
transfusions, M^hich Mould pvolong the life of a patient Mith this disease tVith 
the intioduction ot hvei as a foiin of theiapj"^ b^ ifinot and r\Iuiph 3 ’- m the 3 ear 
just mentioned, liiei extiact ni 1927 bv Minot and Cohn et al and ventiiculiu 
bj' Stuigis and Isaacs in 1929,^ the entne outlook couceining the disease has 
been altered The eAiieriencc ot a faul 3 ' laige numbei of obseiieis has demon- 
strated that the anemia ot pernicious anemia can be made to disappeai following 
the pioper use of an 3 ’ one ot the thiee foims ot tieatmeut m uncomphcatecl 
cases The essential pait of the tieatmeut is to administei aii adequate amount 
of hvei, eithei cooked 01 uncooked, a potent hiei extract 01 ^entl^e^llu (desic- 
cated, defatted hog stomach) until the blood letmns to 1101 mal TVheu tins has 
been attained, a sufficient quantit 3 '’ of one ot these substances must be given 
regularly m oidei to maiutam the blood Mithm noimal limits The average 
initial dosage of au 3 ' one of these thiee toims ot tieatment Mhich Mill cause the 
led blood cell count to use to noimal at the late ot about 400,000 led blood cells 
per cubic mdlimetei pei Meek, is as follows Lucr, 4 pound daity. Unci extract, 
5 to 6 vials dail 5 ’' (each iial lepieseiitmg 100 gianis of hvei), oi leutriculm 
10 giams dad 3 foi each million dehcit m the total led blood cell count The 
Inei extiact may be given eithei dissolved 01 suspended in Matci, tomato juice, 
gingei ale, or giape juice 

The effect of tlie treatment is pionipt and stiiking Witlun thiee to six 
dajs the patient shoMS evidence of impiovemeut as indicated bj'' an mciease m 
appetite, a disappeaiauce of gastiie symptoms, such as nausea and vomiting, a 
gam m stiength, aud a fall in the pulse late aud bodj tempeiatuie to noimal 
The improvement is piogiessive and often attei a few days to a week, a patient 
Mho has been confined to bed on account ot weakness is able to sit up oi walk 
about Patients Mith uncomplicated peinicious auemia iisuallj' impiove veiv 
rapidly and aie able to lesume a noimal life viitbin sis to eight weeks attei the 
beginning of the tieatmeut 

The eaihest change in the blood is uot au mciease in the uumbei of led 
blood cells but an inciease in the uumbei ot leticuloejtes, 01 iminatuie red blood 
cells If the changes in cells ave chatted m the foim of a curve, a definite use 
m then numbei will be obseived to begin between the thud aud sixth dav' of 
tieatment Following this theie is a lapid mciease until a peak o± the curve is 
reached betvieen the sev^euth and umth daj' Theie is then a giadiial decline to 
about 1 pel cent on appioximatelv the fitteeutli daj' of tieatment The height of 
the peak of the curve has an inveise lelatiouship to the imtial level of the led 
blood cell count just pnoi to tieatment Foi example, if the led blood cell 
count 13 one million, tlie height of the peak will be about 34 pei cent, if the red 
blood cell coimt is two million, the height Mill be about 14 pei cent, if the led 
count IS thiee niilhou 01 over, theie will be slight if any increase m the numbei 
of leticulocytes following tieatmeut The icd blood cells may not change duiiug 
the fiist two weeks ot tieatment, or theie may even be a deciease in their niim- 
beis Dining subsequent weeks of tieatment, howevei, the led blood cell count 
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may use a nulhon pei cubic niilhmetci pci week oi moie, so that the aveia-ge in- 
ciease, fiom the beginning oi tieatraent until the blood is noimal, is about 
100,000 pel cubic centiinctei pei week 

111 some instances it has been lepoitcd that livei CNtiact oi ventriculin has 
failed to produce satistactoiy lesiilts ivlien used in the ticatnient of peinicious 
anemia Caiefiil investigation has usually disclosed one of the following lea- 
sons foi this conclusion 

1 The diagnosis of peinicions anemia has been ineoiiect The patient may 
have been suffieiing fiom one of the foims of chionic secondaij’' anemia, aleucemic 
leucemia, myxedema oi some other tj'pe of anemia In my experience, livei or 
stomach theiapy is effective only in the treatment of the Addisonian type of 
pernicious anemia, the anemia secondaiy to Dibothiyoeephalns latus infestation, 
the so called “ pernicious anemia of piegnaney” and some types of anemia as- 
sociated with spi ue 

2 An acute infection has been present which inhibits to some extent the 
efficiency of hver or stomach theiapy This may be any tyrpe of infection, such 
as a cystitis, pyelitis, erysipelas, pneumonia, acute tonsillitis, or any variety of 
infection which is associated ivitli a febiile reaction In all patients vho have 
such a comphcation the dosage of the prepaiation used should be increased 100 
per cent as long as the infection is active 

3 The liver extract oi preparation of stomach has been of weak potency or 
completely inert The only certain way to avert this possibility is to employ ma- 
terial which has been elmically tested and certified as having fuU potency In 
very rare instances a patient is observed whose red blood cell count may reach a 
level of 2 5 to 3 million per cubic millimeter where it remains, for some unknow'n 
reason, despite large doses of livei or stomach by' mouth These patients may 
be tieated with good results by intramuscular oi intravenous injections of liver 
extracts which have been specially prepared for this purpose Some such 
preparations when given intravenously may be followed by' profound leactions, 
as evidenced by chiUs, fever, and hypertension, but undoubtedly this method of 
therapy is one of great promise if the cause of the severe reactions is ehmmated 

In order to obtain satisfactoiy results, all patients with peinieious anemia 
should lemain under observation until their red blood cell count reaches nor- 
mal, although aftei their red count is three million per cubic milhmetei or more, 
they need be seen at less frequent intervals Duiing this peiiod of observation 
the patient should have the red cells counted at frequent intervals, as the level of 
the red count is the best single criterion of the effectiveness of the treatment If 
this remains low aftei the patient has received the aveiage dosage of the prepara- 
tion for a leasonable length of time, the amount should be increased The pa- 
tient should he warned that a relapse will follow in six weeks to several months 
altei thcrapv' is discontinued 


Expeuenec has shown that only hver or ventiiculin is necessary m order 
to hung the blood of patients with peiiiicious anemia to normal Such addi- 
tional forms of therapy as iron, arsenic, and dilute hydiocliloric acid appear to 
be entirely unnectssaiy Some patients with pernicious anemia when first seen 
ait txticmclj ill and have a piofound anemia All such natientt i 

thtu blood giouptd for transfusion and arrangements made to have a smtlbffi 
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douol at hand Tiausfusions may be advisable in oidei to suppoit tbe patient 
until tbe tbeiapeutie eftect of Uvei oi stomach is appaient 

Although this aiticle is piimaiilj eonceined with the tieatment of the 
anemia ot peinicious anemia, it seems piopei to discuss biiefly the eftect of the 
treatment on the spinal cord complications which aie not uncommon The le- 
sults attained in the tieatment ot this condition aie tai less satisfactory than 
those directed toward the lelief of the anemia Usually the mnioi neuiologie 
manifestations, such as numbness and tingling ot the extiemities, completely dis- 
appeai or become much less as the blood condition mipioves Othei symptoms, 
as a spastic paiaplegia oi loss of the sense ot iiosition of tlie extrenuties, which 
indicate a moie seiious lesion ot the spinal coid, may impiove but moie tie- 
queutly aie aiiested and occasionally advance despite all theiapeutic eftoits 

TR VXSPLSIOXS 

Blood tiansfusioii, eithei ot citiatcd oi noncitiated blood, is useful in the 
treatment of various tyqies ot anemia and should be consideied iinclei the fol- 
lowing circumstances 

1 As an emeigency measuie to sustain hfe until bleeding can be checked 
or othei effective measuies intioduced to combat the anemia A patient at the 
point of death fiom tiaumatic hemoiihage mav sinvive onlv as the result of a 
transfusion vvhde appiopiiate suigieal pioceduies aie peitoimed As pieviously 
mentioned, patients who aie critically ill with peinicious anemia may be 
temporality impioved by one oi more tianstnsions and theieby snivive until 
the peimanent beneficial effects ot livei oi stomach become appaient 

2 As a method of ti eating the excessive bleeding in hemophilia and thiom- 
bocytopeme puipuia In both conditions theie may be a seveie associated 
anemia and in both, the bleeding is couti oiled by blood tiausfusions Patients 
with hemophiha can be earned thiough mayor opeiations by lepeated blood 
transfusions, given before and aftei the opeiation Even such minor pio- 
ceduies as the extinction of a tooth in such patients should be preceded bv blood 
tiausfusions and the opeiation not peitoimed until the coagulation time leaches 
normal 

3 Patients with an anemia vchich is curable by surgical means should not 
be opeiated upon until lepeated tianstusions have caused the blood to approach 
noinial bmits Splenectomy m chionie hemolytic jaundice, Banti s disease, and 
chiomc idiopathic thiombocydopemc puipuia should not be peifoimecl without 
one or moie tiausfusions pieceding the opeiation if an anemia is piesent 

i Some beheve that one oi moie tiausfusions should be advised in the 
anemia of chiomc hemoiihage after the bleedmg has been checked in oidei to 
expedite the letuin of the blood to noimal 'While this may be indicated occa- 
sionally, it should not be done loutinelv as the legeneiation of blood is usually 
at a satisfactoiy late when assisted onh bv a uutiitious diet and large doses 
of iron 

SPEEXECTOVIV 

This condition has been advised as a theiapeutic measuie in the anemia ot 
pernicious anemia, the anemia associated with the leucemias, chiomc hemolytic 
jaundice, splenic anemia, and chronic idiopathic thiombocy topenic piiipura 
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(puipuia Kenioiibagica) Obsei \ alioiis have sho^vu that the opeiatioii is no 
longer indicated in peiuicious anemia and the leuceiuias, as evidence indicates 
that neithei of these conditions is benefited b> the opeiation Fuitheimoie, the 
use of stomach oi livei theiapy pioduccs excellent lesults in peinicious anemia 
and the loentgeu lay is the most eftectne tieatment available at piesent foi the 
treatment of the leucemias 

Chronic hemolytic jaundice is appaiently cm able by splenectomy which is 
indicated if the patient’s sjmptoms aie of such intensity as to waiiant a major 
operation for then lehef Within a shoit time aftei the opeiation, the jaundice 
disappears, the blood ictuiiis to noimal, and all symptoms subside In many 
patients vith this disease the sjmptoms aic very mild and a major operation is 
not justifiable A conclusion eonccining the adAusability of splenectomy must be 
decided in each individual case after a eaiefnl consideration of the patient’s 
historj, physical examination, and blood studies 

Splenectomy is indicated in splenic anemia (Banti’s disease), especially 
durmg the preascitic stage when ciirhotie changes have not occurred in the 
h\er, as this is the only foim of theiapy which is effective Some consider that 
IS should be perfoimed cAcn when theie is definite evidence of an associated 
cirrhosis of the liver Before such radical treatment is carried out, however, 
there should be every assurance that the diagnosis is correct The syndrome 
may be closely simulated by Hodgkin’s disease, with an enlarged spleen and an 
absence of peripheral lymph gland enlaigement and by syphilis Avith sple- 
nomegaly Precedmg the opeiation, all such patients should he given a several 
Meeks’ course ivith large doses of potassium iodide as a therapeutic test for 
syphilis If no change occurs, several applications of the loentgen ray should 
be given over the spleen If the splenomegaly is due to Hodgkin’s disease, there 
should be a prompt decrease in the size of that oigan 

Splenectomy must be considered in all patients with chionic primary pui- 
puia hemorrhagica (chronic idiopathic thrombocytopenic puipnra), provided 
the snnptoms aie seveie enough, and if they aie not controlled by lepeated 
tiansfnsions The results m the chronic cases are satisfactoiy but the operation 
IS eontiaindicated in the acute tjpe on account of the high mortality 


aiiscpllj\.xeous forms op therapy 


Vanous preparations of aisenic have been recommended m the treatment 
of several types of blood diseases For many years it was used in the form of 
Powder’s solution m the treatment of peimcious anemia, and good results were 
lepoited Although it may cause an improA^ement in the patient’s condition 
the benefieidl effects cannot be compared with those obtained by stomach or liver 
theiapj Noi is there convincing evidence that aisemc alone is of Adlue m the 
tieatmcut of the secondaiy anemias, or that a combination of arsenic and non 
IS any more eftective than iron alone 


fepleen maiiow has been advocated as an eftectue therapeutic a-ent m tbp 
secondaij anemias It has pioied uieftectue in my experience, and tL renoited 
‘‘s ^tisfactoij as those obsersed following efficient non thLpj 
Coppei hib been cmplojed to some extent in the past two 



1016 


TIXi: JOUUXAL or laboratory VND CLIXICVL JIEDICI^E 


do not indicate that it lias a beneficial eftect Tins foini of tiieiapy was lutio- 
dueed as a lesult of convincing expeiiineutal evidence that minute amounts of 
coppei cuied a nutiitioiial type of anemia in lats 
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II STUDIES ON PATIENTS WITH PERNICIOUS ANEitIA TREATED 
WITH :\LVSSIVE DOSES OP LIVER EXTRACT 


Epfecis om Reticui ocytes, Red Celis, Hemoglobin' and While Cells® 


Joseph E Connery’, M D , .vnd Leonvrd J Goldavvter, A B , HD , 

New York, N Y 


'^HE clinical and bematologic eftects ot the admmistiatiou of massive doses 
ot Inei extiaet hate been lepoited on by’ Riddle and Stuigis,^ and moie le- 
ceutly by Couneij’ and Goldivatei - Two of the foiu eases included in the senes 
of the lattei obseiveis leeened tiansiusions in addition to the massne doses ot 
livei extiact 

It is the pm pose of this jiapei to piesent data on a senes of fifteen cases of 
pei melons anemia tieated with single massite doses of livei extiact, tvitli oi with 
out tiansfnsion, oi with lepeated massive doses, with oi wnthout ti ansfusion 
These data are consideied undei the following headings (a) etfects on letieulo 
cjtes, (b) eftects on led cells aud hemoglobin, (cl eftects on the white cells, 
(d) eftects on the blood sugai, and (c) effects on the blood piessuie 


MATEBI VLS AND METHODS 


Of the fifteen cases of peimeious anemia included in this study, ten weie 
males and fi\e weie females Eight weic admitted to the hospital m then fiist 
lelapse, fom m their second relapse, and thiee m then thnd lelapse Five of the 
patients gave a histoiy of having pieviously taken some foim of livei tlierapj’, 
whereas no histoiy of pievious livei theiapy ivas obtained from the othei ten 
Six patients weie admitted ivith led cell counts below one million, six moie bad 
counts betw’een one and two million, two had counts between two aud three nul- 
lion, and one had a count greatei than thiee million Fom of the patients ex- 
hibited signs of well established subacute combined seleiosis The othei eleven 
showred only slight neuiologic imolveinent In eight of the patients, one oi moie 
of the following complications weie pieseut on admission acute oi cliiome 
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broncktis subacute S slougbmg vau- 

assocIated^v^tbh^•pcItIophy ot the I, ,, of the patients the 

cose ulceis ivith cellulitis, den a seventy was of a mo - 

seieiity of the illness was of a mild de„i , mclnded 

eiate degree, while the lemaining SIX w Cl Yhiid (New Yoik Tniveisity) 

m this study veie patients on the waids of the 

Medical Division of Bellevue Hospital ^ .^,„,i„ations on each patient weie 
All apparatus used vas ^standardized throughout the period of 

madehy the same obseii CIS, t peLitted a control period of suffi- 

studv Where the condition reticulocytes In those cases 

cient length was lun to estab mmht be leopaidized if immediate 

in which it seemed that the life of le p ,vas°run This fact, however, does 
treatment were not given, no contio pen beginning letieulocyte 

not invalidate the results in these ^Ttfcm “s w^e entirely comparable 

response, and the character ot t teen a control period. Daily 

to those seen in the patients nr r the period of iirci cased peripheral 

reticrdocyte determinations were temirglobm determinations, and white 

reticulocyte -tmty Red e 1 c^ f,e- 

eell counts were made bi- or tri . bi-weeklv and in many cases 

The ‘■hemcs.am'' ^ „„eesed p...,Aeral 

as often as five times weekly, usua y tillin'^ was used, with a slight 

reticulocyte activity The classi pressure I'eadings were made bv the 

modification in the nomenclature P Ttpadm^s were made at suf- 

auscultator-s method, using a meicuij ^ curves would be 

ficiently short intervals so that any significant trend m 

observed , method of Folrn and Wu was 

In estimating the Wood ,m„aaraBed conditions ot halt 

used Samples ot Wood ^ 'Sans was nsed only in those 

hour internals over “ patient would he endangered unless 
eases m which it seemed that tne me , adduced 

1 , nwiTvint'orl Whde valuable information may have neen aaauceu 

hnh“ r. r ?. ansLm: tL pioeedure was no. included as one ot the 
XtLTf the study The Lindemann method was nsed. and the amounts gtven 

'''''The hm evTact* med wTstTlmercial preparation of fraction G of Cohn, 
Mmot ct al* One ital ot the evt.aet represents the matena ohtamed tiom 
100 grams ot whole mammal.an In e. The amount ot a single dose varied tiom 
thirty to fifty vials The extract was dissolved m from -00 c c to M c c of tap 
water, imlk or buttermilk, and was administered as follows Nme eases (Cases 1, 
“> S 4 fi 8 9 11 151 received the extract mto the stomach bj Rehfuss tube 
Vomiting'. =’ occuried m Cases 1, 2, 4, 6, S, 11, and 15 Four cases (Cases 7, 10 
11 14) received the extract through a gastric lavage tube Vomiting occurred m 
Case 10 onlj Cases 5, 12, and 13 drank the extract m iced buttermilk Vomit- 
ing occuried only in Case 5 It mav he stated here that there seemed to he no 
relationship between the size of the dose, the mode of adininistiation, the time of 
vomituig, the amount vomited, and the subsequent piogiess of the patient 


•Pro\>vrt.d b> the Ltderle Laboratories 
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Reticulocytes —^^me cases (Cases 1 to 9, Table I) weie tieated with single 
massive doses of livei extiact without trausiusiou Inasmuch as leticulocj-te de 
teiminations weie made at intei\als ot twenty-loui houis, a begmnmg lesponse 
noted as occuiiing on the second day aetuallj took place between twenty -loui 
and foity-eight horns, a lesponse on the thud day actually took place between 
foity eight and seyenty-two houis Likewnse, a peak noted as oceuirmg on the 
fouith day actually took place between seventy-two and niuetj-si\ houis, and 
so on 


T VULE I 


CASE 

DOSE 1 

NO OF 

DAYS TO 
BEGINNING 
RESPONSE i 

NO or D VYS 

TO PEAK 

HEIGHT 

OF PEAK 

so OFDAAS 

OFI P E-A 

ESTIiLVTED 

RETICOLO 

CYTE CON 
CENTRATION 

CALCULATED 

BETICULO 

CYTE CON 
CENTRATION 

1 

50 

* 

! 

» 

« 


« 

« 

2 

50 

3 

7 

26 0% 

29 

0 40 

0 49 

3 

30 

3 

6 

321% 

1 

9 

0 37 

0 57 

4 

50 

3 

6 

12 5% 




5 

30 

2 

6 

24 8% 


0 43 

0 47 

6 

50 

««* 


• «» 

■Ml 

««« 

«** 

7 

50 

3 

4 

32 0% 

13 

0 37 

0 57 

8 

50 

4 

6 

12 0% 

10 

0 20 

0 43 

9 

48 

2 

6 

22 5% 

11 

0 52 

0 37 


•No response Red blood cells at 3 million le>el Pre\ious reticulocjte peak 
••Left hospital a.t o\\n request while reticulocytes ^^ere on the increase 
•••No response Red blood cells 3 5 million 
I P R A = Increased Peripheral Reticulocyte Acti\it5 

E o' 


Formula for Estimated Reticulocyte Concentration in millions = E p' = 

1 -r 


Formula for Calculated Reticulocyte Concentration in millions = B r = 0 73 - 0 2 Eo 
E p' = Observed concentration of reticulocytes at peak of rise 
E o' 

Estimated concentration of reticulocytes at peak of rise 

1 - r 

Er = Calculated concentration of reticulocj tes at peak of rise 
Eo = Orig-inal level of erythrocj tes 

Ep = Erythrocytes concentration at height of reticulocyte peak 
r = Reticulocytes in per cent 


There seemed to be no relationship between the size of the dose, and the 
number of days to beginmng reticulocyte response, the number of days to reticu- 
locyte peak, the height oi the letieulocjde peak, or the uiirabei of days of in- 
creased peripheral reticulocyte activity 

No reticulocyte response was noted m Cases 1 and 6 Pailuie to induce m- 
ci eased reticulocyte activity by this form of treatment in Case 1 could be ev- 
plained by two facts (a) the level of the red cells at the time the massiie dose 
was given was above three milhon, (b) the reticulocytes were mci eased aboie the 
1101 mal at the time of admission (9 per cent) and rose to 17 4 pei cent before 
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tieatmeut was given (see Cliait 1, Cuive 1) In Case 6 ilie level of the led cells 
at the time tieatnient iias given was 3 6 millions® (Chait 1, Cuive 6) 

The administiation of 50 vials of livei extiaet to Cases 4 and 8 induced 
reticulocyte peaks of no gieat niagnitnde, a fact which wai rants explanation In 
the fomer, Case 4, the piesence of subacute eholecvstitis quite likely depiessed 
the magnitude of the letieuloevte i espouse, although it must be pointed out that 
the patient left the hospital at his own lequest at a time when the reticulocytes 
weie on the inciease In the lattei, Case 8, the piesence of chionic bronchitis 
and seveial abscessed teeth may have been lesponsible for the low level reached 
by the leticulocytes at then pealc •’ Thiee of the cases (Cases 2, 5, and 9) showed 
a satisfactoiy agieement between the estimated and calculated letieulocyte con- 
centrations® In three cases (Cases 3, 7, and 8) this agieement was not present 




1 <I — Treatment given on 0 day In all cases except Case 

rrnroiff. “ arrow Curve numbers coincide with case numbers 
ici^resents one day 


1 where day of treatment 
Each division on abscissa 


Reticulocyte concentrations could not be calculated m Cases 1, 4, and 6 due to 
incompleteness of data In Case 7 the lack of agieement between the estimated 
and calculated leticnlocjte eoneentiations Avas probably due to the presence ot a 
puiulent sinusitis and niimeious apical abscesses The factors responsible foi 
Ucpiessmg the magnitude of the leticulocyte response m Case 8 may also serve to 
explain the lack ot agieement betiveen calculated and estimated leticuloevte cnu. 
centiatioiis in this case 

Secondaiy leticnlocAte peaks ha\e been obseived cimte irpriupiifiir . 
hoMs ,,l,o l,a^c hoc. t.c.tc<l „,tl. luboplmml of C or I oot!; , 

... .la.b .lo«s a,.a la.e. ,u,h opt.,aal amoun.o lha a 1 

O. 0 . a „o,™. pupa.a„ 0 „ • T,> ,„a aa ‘ Caaes J 





THE JOUKNVIj of LVBORArOK\ VND CLIXIC MLDICIXE 

tieated with biugle massne closes ot h\ei evtiact showed seeondaiy peaks ui 
then letieulocjte ccuves (Chact 1, Cuixes 2 and 5) The conditions mentioned 
aho^e did not piecail m these cases, so that the significance ot the seconchiiy 
peaks leinains a matter ±oi speculation These two eases weie at the e\ti ernes 
of the scale ot dosage, lecening 50 cmls and 30 cials lespecticeh and ot the 
entile senes lan the most tacoiable couises, both heinatologically and clinically 




Clnit 2 —Treatment given on 0 daj except wlieie indicated b\ arrows in Curves 13 and 
15 in the latter the first dose was giaen on 0 daj and tlte second as indicated Curve numbers 
coincide with case numbers Each division on abscissa represents one day In Case 11 tlie 
double vertical bar indicates an inteival of twentj one days at the end of which time a second 
massive dose was given In Curve 13 time from 0 to arrow represents period on kidney extract. 


Case 13 tChait 2, Cuive 13) had a pieiious peiiod ot hospitalization, diu- 
lug which he was tieated with Mamie Liter Extiact** m daily doses ot 90 ec “ 
A satisfaetoiy i emission had been induced, but aftei the patient lett the hospital 
he at fiist took the extiaet inegulaily and eientuallj ceased takmg it altogetliei 
About a yeai latei he was leadmitted to the hospital in a well estabhshed i elapse 
Dining the fiist ten days he w'as given a daih dose of a kidiiej^ evtiaet deiived 
iiom 800 gianis of whole mammalian laduej ® The technic used in piepaimg 


‘Prepared by the Wlilte Laboratories of ^^ewark Jersej 
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thi'i extract was that used lu the luauvilactuie oE a eomiTievc lal extiaet o£ fiac- 
tioa a * Chait 2, Cuive 13 shows that the adnunistiation oi the kidney extiact 
induced a slight leticiilocvte i espouse Aftei ten days of this tieatinent, when it 
became appaieiit that little oi no iuitliei inciease in the leticiilocytes could be 
expected, and that only slight clinical iinpiovement had oeciiiied, it was deemed 
advisable to discontinue tins foim of tieatment Accoidingly, a single massive 
dose of 50 vials of livei extiact was given On the sixth day following, the 
reticulocytes reached a peak of 12 8 pei cent That the letieuloeytes did not 
reach a highei level can piohably be explained by one oi both of the following 
facts (a) a slight leticulocvte i espouse had 3 ust been elicited by what weie 
either suboptinial amounts of a potent extiact or maximal amounts of a weak ex- 
tract, (b) lobai pneumonia supeiiened while the reticulocytes weie still on the 
increase ^ 

Table II 

Hemoolobin DErEKitiNATioss B\ Klett Neivcomer Method, 100% =17 Grams Hemoglobin 

VEB 100 c c Blood 

Is Some Instances the Hemoglobin Beached a Higher Level Than That of the Dai 
When the Bed Blood Cells Were at Their JIaximum 


Case 

EXTRACT 1 

TRANSFUSION 

TOITIAI^ 

LEVEL 

LEVEL 

iOLLOVT 

ING TRANS 
FUSION 

MAXl- 
. MUM 

TOTAL IN 

1 CREASE* 

, NO OP 
DAYS TO 
MAXI 
MUM 

DOSE 

IN 

VIALS 

DATE 

, AMOUNT 

DATE 

,RBC HB 
IN OE 
MIL 

BBC HB 

IN OR, 

MIL 

BBC HB 

IN OE 
MIL 

E B C HB 
IV OB 
MIL 

10 


1/27/31 


1/27/31 1 

0 53 2 

125 5 0 

26 86 

135 3 6 

21 

11 




10/14/30 


1 56 4 9' 

2 78 8 0’ 

1 22 31' 

23 

12 


4/18/31 


4/18/31 


1 40 6 5 

2 65 7 4 

12 0 9 

10*** 

13 


4/16/31 


4/27/31** 






U 

42 



8/ 2/30 






— 

42 



8/ 5/30 


2 4 6 0 

4 8 118 

2 4 5 8' 

51 


•Counting from after transfusion 
•TraT\‘'fused because of pneumonia 

•♦Erysipelas de^ eloped 


Tiansfusion in coii 3 unction with single or lepeated massive doses of liver ex- 
tiact was used in a senes of five eases (Cases 10 to 14, Table II) Of these, two 
cases (Cases 10 and 12), leceixed a single transfusion of 500 c c of whole blood 
and a single massive dose of 50 xnals and 30 vials of liver extiact lespectively 
The lesponse of the leticuloevtes in these two cases was quite similar to that 
seen in compaiable cases tieated with single massive doses without transfusion =’■ 
The leticuloeite cuives ot these two cases weie almost exact duplicates of the 
fust pait of Ciuve 11, Chait 2, q v which xepiesents the ciuve of the reticulo- 
cvtcs following a single nnssue dose, plus tianstusion This case is tieated 

below Ihe similiutj of tins eiiivt to Curves 2 and 5, Chait 1 tbocn 
tieated with single ma%ivc doses without tiansfusion, is quite striking 

c uw pai ot Cuive II, Chait 2, alieidv nuntioned, shows the leticulo- 
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ayte lesponse follo%raig a single inassne dose and a tiansfnsiou, in Case 11 
The second pait ot Cuive 11, Chart 2 shows the leticiiiocvle response folloiving 
a second massue dose, which was gi\en when it had become apparent that no 
further increase in led cells or hemoglobin could be expected following the first 
niassii'e dose of liver extract Although the sire of the second dose was the same 
as that of the original dose, and the leiel of the led cells nas pi-aetieallv no 
liighei than it was at the time the first dose was given the leticuloeyte lesponse 
following the second dose was ot a much sniallei magnitude than that of the 
oiigiiial retieuloejte i espouse The explanation foi this probably hes in the 
fact that a majoi peiiod of iiici eased peiiplieial leheuloeyte activity had ]ust 
been completed ® 

Case 14 received two doses of 42 vials each and transfusions of 650 c e and 
500 ce lespectively, all within a period ot foui daj^s The response of the 
leticidocytes to this tieatment is showm on Chait 2, Ciuve 14 Two featiiies are 
worthy of comment Fust, the begimiing leticnlocyte response did not occur 
any soonei than that in cases leeeiving smallei doses Second, the magnitude ot 
the retieuloejte response was not gieat Both ot these occuiied in spite ot the 
fact that the patient received in less than tvveutv-foui horns the extiact derived 
fioni 8,400 grams of v^hole mammalian liver Just what eftect the tiansfusions 
had on the leticulocjte response is a niattei for speculation® ” Cuive 15, 
Chart 2 lepiesents the ictieuloeyte curve of Case 15, who received two doses of 
50 vials each vvnthin a peiiod ot for tj -eight horns It is to be noted that Curves 
14 and 15 are quite sinnlai The presence of a low giade, chronic evstitis as 
soeiated with an liv'peitiophied pi estate and residual niine piobably explains 


Table III 


Bemoglobix Determinations bn Klett NEucoitER Method, 100% = 17 Grams Hemoglobin 

i EE 100 c c Blood 


CASE 

INITIAL 

LEVEL 

j MAXIMUM 

I TOTAL INCREASE 

NO or 

DATS TO 
MINI 
MLM 

RED BLOOD 
CELLS (in 

millions) 

HO 

(rv GB\MS) 

RED BLOOD 
CELLS (IN 

millions) 

HB 

(i\ grams) 

BED BLOOD 
CELLS (in 

millions) 

HB 

(IN grams) 

1 

2 6 

8 0 

i 

37 

10 0 

1 1 

2 0 

21 

0 

12 

1 

54 

4 1 

13 5 

29 

SI 

34 

3 

08 

3 6 

20 

66 

1 2 

30 

9 

4* 

1 

1 5 I 

5 0 


50 

01 

00 

6 

5 

13 

45 


114 

24 

69 

51 

6 

36 

11 8 

40 

115 

04 

03 

16 

7 

0 8 

3 4 


93 

19 

59 

32 

8 

1 0 

64 


57 

04 

0 7 

16 

9 

18 

0 4 

44 

1 

13 5 

26 

81 

35 


♦Thio mtfpnt left tlie hospital while the letieulocytes were on tlie increase 
In^onfe histinces th^^ reached a higher let el than that of the day when the 

red blood cells were at tlielr imtlmum 
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the unsatis£actoiy leticuloeyte lesponse oL Case 11 It is not eutuely ceitaiu 
that the reticulocyte lespouse iii Case 15 (Cliait 2, Ciuve 15) is unsatisiaetoiy, 
in view of the fact that hvei had been tiikcn iiiegulaily piioi to the time of ad- 
mission to the hospital® It seems likely, liowevei, that the leticuloeyte peak 
Mould haie been liighei had tbeie not been present a low giade pyelitis 

Red Gelh and Hemoglohin —Data couceiniiig the quantitative changes iii 
the led blood cells and hemoglobin are piesented in Tables II and III In geueial, 
the figures speak £oi theniseh'es, but se\eial points seem deserving of comment 
111 the noutianstuscd group (Table IIIl, Cases 2, 5 and 9 will be seen to have 
had the most favorable red cell responses These eases had an initial level of 
between one and two nrrlliorrs Cases I and S had similar mitral levels, but can- 
not be included m the generalization, the toimer because ot incomplete data, the 
latter because of the presence ot complications Of the tianstused group 
(Table II), Cases 10, 11, aucl 12 had then red cells raised to between one and 


160 BLOOD SUGAR^ CURVES 



Chart 3 — Blood sugar curves in three representatU e cases 

100 cc blood 


Blood sugai in milligrams per 


two millions by tiansfrrsion The increase in tiythiocrtes was not as gieat in 

these cases as that seen in a similar but nontiansfused group. Cases 2, 5, and 9 

The lack of agreement between tire increase of the red cells m these two 

groups becomes more striking when it is recalled that the original level of the 

tianstused group was below one imllion It mav he that from the initial level 

ot the led cells one cannot predict the ultimate level to be reached following a 

single massive dose, as can be done m the case of the reticulocytes 

‘Vs would be expected nr those cases treated with a single massne dose 

Mitbout tiansfiision, the gieatest increases rn hemoulobrn were observed m those 

cases that showed the greatest nrcrcases rn red cells (Table III) In Case 4 no 

increase rn hemoglobin nas noted Inasmuch as this patient left the hospital at 

a tunc Mheii the reticulocrtes weie on the upward trend, there is no saying what 

the rdturr de lc\e\ ot the red cells and hemoglobin might have been In Cases 6 

nid 8 the apparent decreases in hemoglobin nndrt be regarded as cnmin^r <- 1 . 

the range ot the norm d fluctuations nludv are^ ticquenl Ise' !i " 
ruuhi tieitmeiit ri'-quemia obsoired in patients 
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What has been said of the hemoglobin iii the iioiitianstused gioup may also 
be said of the cases tieatecl with single oi lepeated massive doses plus single or 
lepeated ti ansfiisioiis, that is, those which showed the greatest incieases in hemo- 
globin vveie those in which the gieatest incieases in led cells had occuued 
(Table II) In Case 12 the occuiience of eijsipelas while the led cells and henio 
globm weie still on the iiieiease mav explain the slight ineiease in hemoglobin 
White Cells — In Table IV aie given the hemograms of seven cases Five 
eases (Cases 2, 5, 7, 9, and 11) showed inei eased total leueocjte counts during the 
period of mcieased peiipheial letieulocjte activitj Of these, one (Case 11) 
showed also a decided shift to the left A shift to the left was also seen in Case 7, 



Chait 4 — Blood pressure curves in three represent'\ti\ e cases Blood pressuiess in nnUinieCers 

of mercuo 

but not associated with any increase ni total leucocyte count Three cases (Cases 
2, 5, and 9) showed an ineiease in polyinoiphonu clears with no shift to the left, 
but associated with a deciease in Ivmphocytes One, Case 4, showed a deeiease 
in polv 11101 phoiiueleais, associated with an ineiease in Iviniihocytes and no 
change in the total count Those cases that showed the gieatest hematologic and 
clinical impioveinent following a single massive dose of Ixvei extract weie those 
that had the lowest total leiicoevte counts befoie tieatnient was given (Table 
Cases 2, 5, and 9) As alieadv noted, these weie also the eases that showed an 
increase in leucocytes associated with no shift to the left, but with an ineiease in 
poljTiiorphonucleais and a deciease in Iv niphoejdes A distinct shift to the left 
was noted twice (Cases 7 and 11, Chait 4) These weie not the eases that showed 
the gieatest hematologic and clinical impioveinent m spite ot the fact that a 
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shilt to the left means eithei inei eased leiicoblastic activity, oi inoie lapul de- 
liveiy of young 'wliite cells, oi both, and, by implication, inci cased eijthioblastic 
activity 

Blood Sucja) and Blood PicsMiie— In discussing dosage and admimstiation, 
lomiting was noted as occumng in seveial ot the eases Although it seemed 
most likely that this could be explained on the basis of local action, in view of the 
woik of Blotner and ilurphy^*- and of Althausen, Keii and Burnett,^- it seemed 
worthwhile to deteimine whethei oi not the gastioiiitestinal distuibances might 
he related to fall in blood sugar, oi fall m blood piessuie, oi both It is tiue 
that the li\ei fractions used bj the above obseiveis weie not the same fractions 


Table IV 


Totvl Lebcocite ConsTS awl Difperestlal I'OKiioLAE (Hem-OGBaais) , Before and During 
Bemculocate Hesponse Total Leucocvtes in Thousands Differential 
Formulae in Pei centagb 
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TOTAL 

25 

70 

60 

6 5 

48 

115 

5 0 

51 

60 

12 5 

40 

70 

8 5 

14 0 

Myeloej-tes 

0 

0 

0 

0 

0 

0 

0 

12 

0 

0 

0 

0 

0 

26 

Meta I 















(Tovmg) 

0 

0 
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0 

0 

11 

0 

0 

0 

0 

0 

7 

Meta 11 















(Band) 

1 

1 

2 

0 

2 

2 

3 

9 

0 

9 

2 

2 

4 

4 

Polymorplio 















nuclears 

29 

58 

75 

38 

16 

43 

89 

58 

75 

73 

66 

82 

74 

48 

Lymplio 















cytes 

67 

34 

19 

58 

76 

49 

8 

9 

21 

8 

30 

11 

17 

10 

Monocytes 

2 

6 

0 

o 

2 

5 

0 

1 

2 

8 

2 

5 

4 

4 

Eosmoplule 

1 

1 

1 

2 

4 

0 

0 

0 

2 

2 

0 

0 

1 

1 

Basophiles 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

Plasma 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Case 


2 


4 


5 


7 


8 


9 


11 


that are emploved in the treatment of pernicious anemia, nevertheless, we know 
of no published reports of the effects on blood sugai*^ and blood pressure of such 
large doses ot liv ei extract as were used in our series Chart 3 gives three repre- 
sentative blood sugar curves It is ciuite apparent that no marked fall m blood 
sugar oceiiricd The cuiwes of systolic and diastolic blood piessnie in three 
representative cases are given in Chart 4 Here again it will be seen that no 
mailced fall in blood piessnre followed the admmistiatioii ot massive doses ot 
livci extinct 


SUSIil VR\ 


1 PiUeen eases ot peimcious anemia were ticated with single oi repeated 
-Nue doses ol luei extiact, with or without tiansfusion 
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2 Data aie piesentecl on the eftects on letieuloevtes, lecl cells hemoglobm 
white cells, blood sugai, and blood piessure 

3 The leticnloeytes lesponded plomptl^ in the complicated as well as in 
the uncomplicated cases 

4 Two cases shoned no leticulocjtc lesponsc, one because of a previous 
leticuloeyte pealc and the othei because of the liigh level of the led cells at the 
time of ti eatmeut 

5 The magnitude ot the letieiilocvte lesponse seemed to depend on the 
iiutial level of the led cells and the pieseuce oi absence ot complications 

6 Within the limits ot the dosage used, the size ot the dose seemed to beai 
no lelatioiiship to the piomptness ot the leticulocvte lesponse the height of the 
1 eticulocyte peak oi the diiiation of iiici eased leticuloci-te actnity 

7 Tiausfusiou seemed to have no eftect on the piomptness, magnitude or 
duiation ot the leticuloeyte lesponse 

S Fiom the tv'pe ot the letieulocvte lesponse it nas impossible to piediet 
the subsequent conise of the led cells 

9 The inciease in led cells boie no lelationship to the size ot the dose given 
1101 to the oiiginal level ot the led cells, but did seem to be luflueneed bv the 
piesence of complications 

10 The couise ot the hemoglobin in geiieial paialleled that ot the led cells 

11 Inciease in white cells was noted in seveial cases, with oi without shirt 
to the lett Inci eases in some eases weie associated with deeiease in lymphocytes 
and inciease in polynucleais In one instance theie oecuiied a shift to the lett 
with no inciease in the total nimibei ot leucoev tes 

12 The occuiienee ot a leucocvtosis with oi without shift to the lett, could 
not be legal ded as a favoiable piogiiostic sign 

13 Those cases that had the lowest initial leiicocvte counts lau the most 
favmiable course 

14 The admiiustiatiou ot 30 to 50 vials of hvei extiact was without signifi- 
cant efirect on blood sugai oi blood piessiue 
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A SIMPLE APPARATUS FOR THE TRANSFUSION OP BLOOD BY THE 

CITRATE METHOD-* 

Ressei l L Haden, M D , Cleveland, Ohio 


T ransfusion of wood by the direct metbod IS a most satisfactoiy opeiation 
■when performed by a -well tiained tiansfnsion team Often, however, the 
direct pioeeduie is not applicable or possible undei many conditions in which 
transfusion is indicated Tiansfnsion can nevei haie the widei usefulness which 
Its value as a theiapeutie pioeedme deseives if only the diieet method is 
employed 

The citiate method of tianstusion has stood the test of time and is now 
accepted eveiywheie as a most satisfactoij proceduie Poor technic is probably 
largely responsible for ciiticism of the indirect method I am convinced that 
blood given piopeilv bv the citrate method is fully as valuable as that given by 
the diiect method The Wood should he suboected to the least possible manipula- 
tion, and should be obtained and kept in a closed contamei The propoition. of 
citrate to Wood should he maintained constantly at the optimum eoncentiation 
(0 25 per cent) The appaiatus described beiewith fulfills the lequiiements 
mentioned above, and has been snccessfulh used by a nnmbei of woikeis in 
several thousand transfusions 

The appaiatus as set up foi obtaining blood fiom the donoi is illustrated in 
Fig 1 A 500 to 700 ec wide-mouth bottle (a 1 pomid glucose bottle is most 
satisfactory), fitted witb a rubber stoppei is employed A is a stopcock ivith 
e'd;ension thiough the stoppei to which a luhbei tube touching the bottom of 
the bottle is attached B is a metal sinkei caiiymg a iviie stiamei The 
citrate solution is measuied in the ban el of a 20 c c Luei syringe The solution 
may be run in drop by drop oi 10 c c at a time hlouth suction and a 13- to 15- 


gauge rustless steel needle are used in obtaining the blood A tiap of steiile ab- 
sorbent cotton, C, IS placed m the aspirating tube A slight lotatoiy movement 
of the bottle as the Wood is lunning in is all that is necessaiy foi propei miAing 
About 100 c e of blood should be obtained pei minute 


The setup foi giiing the Wood to the lecipient is illustiated m Fig 2 
The syimge ban el bas been lemoved and the inlet and aspirating tubes folded 
and out of the way D is an automatic stopcock, connected to the stopcock F 
The blood is withdiawn fiom the bottle and injected into the lem of the leeipient 
by means of a 20 cc Luei svnuge If necessaiy, an mav be evTielled oi salt 
solution may be drawn in thiough the side mlet, E It is necessary, of couise 
to^h^he tubes with blood befoie connecting them with the needle m the vein 


•trom iho Clo\tUna Clinic, 
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ot the lecipieiit I hnd it moie eomement to attach the needle to a sjnuge, 
inseit it into the \em and then connect tlie lubbei tubin<>' Tlie blood luaj be 
gnen lapidb oi slowlj A lew cubic eenfimeteis ot blood should be luii m*and 
the patient obseived loi a tew iniuiites toi signs ot leaetion betoie the le 
maiiidei is gnen Since theie is alwais some dijing of blood on the baiiel of 
the SMinge, it is usually iiecessaiy to use two oi nioie sj iiiiges These aie easily 
e\changed attei the stopcock, F has been closed 



r'iff 1 — Driuinff IHubti'atIns: ijipxi itus for obtaining blootl fiom the donor 



Fig 2 — Dra%\ing‘ illustrating apparatus for transferring blood to the recipient 

Poi piopei tiiuctiouiiig it IS neeessaiy, ot eoiuse, that the appaiatus be 
kept sciupuloiislj clean Tlie automatic stopcock should alwacs be taken apait 
attei each tiaiistusion and the valve stems and seats caietully cleaned The 
component paits of the appaiatus, meludiiig the lustless needles, aie wiapped 
in towels and autoelaied so that the appai itus is alwa>s leadj' ioi uistant use 
I have foiuicl it comeuieiit to hace seceial sets with intei changeable paits made 
up and steiihzed so that seveial tiaiislusions a daj aie alwacs piepaied ioi 
I ha\e piepaied my own eitiate solution A 25 pez cent solution of 
cliemieally puie sodium citiate in 0 85 pei cent sodium ehloude is put up m 
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KFACIIONS -ro blood TBANSrUSION 

haid glass ampules, which aie ^goTc ^ot blood which gnls a fiual 

eeactions to blood transfusion 

0.s.nv ™o.s F„o. 2500 TKAxsro^.™ ■' 

s H Poi,ui!5,MD andM La>E«EB,MD,r.BOOKMK,N Y 

t that the pioblem oi leaoUon to blood 

A BOUT ten yeais «g», Kaimer elated t „a,e„,e„t et.ll holds 

tiansfusion was by no means so ,-,f>u'^-nhenomena which iveie re- 
true today, many of the explained and aie now under 

sponsible foi some of the reaction , cfnoimi howevei aie nnmeious 

eontrol The causes of reactions to Hood transfusion, hmicvei, 

and may be outlined as follows nirinfl 

I Incompatibility between donor s and leeipie 

This may be due to one of ‘bree cdiises , ^^^,ses in oidei of 

(a) Errors in grouping the blood due to the following 

importance 

1 Poortcehnic 

2 Use of low titered or contaminated test serum 

3 Weak agglutinins oi agglutinogens in the lecipient s blood 

4 Pseudoagglutination , 1 . 

5 Autoagglutination cold agglutination and snbgioups 

6 Anomalous 01 atypical agglutination 

7 Contamination of lecipient’s blood by baeteiia 

(b) Indiscriminate use of the univeisal doiioi 

(c) Immune isoantibodies and hemoh sms 

II The use of unclean apparatus 

III The use of citi ate solutions ,,.,1 

IV Incipient coagnlative changes m the tiansfiised blood 
Y Alleigic phenomena in the lecipient 

VI Systemic diseases 111 the recipient 

VII Tiansmission of disease to recipient 

IXCOIIPATIBILITA 

Incompatibilitj between doiioi’s and lec.pient’s blood is diie mainly to 
eiiois 111 grouping, because the tests aie peifoimed bi internes who as a rule, 
do not stac on laboiatoii seiMce long enough to aequiie piopei technic Only 
the most kpeiicnced can eiitueh aioid the occuiieiice of such eiroi-s Thus, 
Lmdemaiv’ ^ points out that posttianstusioii chills occuired in 33 pel cent of 
his cases when he illowcd otliei-s to do the blood testing, as eompaied to 7 pei 
cent when he pertoimed the tests hmiselt Pisk‘ 3 ustifiabh 111 g(S that ecen 
hospitd hiM at hast one man on its stab who deiotes hmiselt exclusnely to 
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this wolk Clauniont® even goes to the cNtent ot stating tiiat leaetions -mU not 
oceiu if the blood gioups aie coiiectl}' dcteinuned Biooks® and other -niiters 
have expiessed similar opinions 

One of the most conuuon souiees of enoi in gioupmg blood is the nse of 
weak test seia This ma's be due to long standing at loom tempeiatiiie or to 
eontamination bi baeteiia Dike has shoini that the seium niai be considered 
sufficiently potent, onlv iihen it definitely agglutinates its specific isoaggliitinogen 
in dilutions of one to ten The tests must, of coiiise, be perfoiraed on a 2 to 5 
pel cent cell suspension Moie icoentlj. Coca* found that test seia ofteied to 
the profession by leputable coiiimeii-ial biologic laboiatoiies iieie below the le- 
quiied standard neeessaiy foi gioupmg puiposes Bacterial contamination 
which, as a rule, dmumshes the potency ot test seium, may sometimes be the 
cause of an eiioi in gionpiiig, due to the agglutinating effect pioduced bv the 
bacteiia oi then pioduets An instance of this type is cited by Gioie and Cnim“ 
■who found test seium unieliable because of contamination with mustaid bacilli 
which, in the case cited, clumped cells of Gioup 0, lesulting in an eironeous de- 
termination of the gioup To a^Old these ciiois, test seia should be checked 
frequently Weak agglutinogens oi agglutinins in the i eeipient ’s blood espeeiallj 
in the case of infants^® mai also lead to false gionp deteinunatioiis Failiue to 
lecognize this fact has lesulted in leactious" attei lepeated tiansfusion in chil- 
dren in whom the agglutmius developed oi became active aftei the first tiaus- 
fusiou Foi this reason, Astiowe’- and others before him have lecommeuded 
that reliance be placed onlj on the leaetion of the coiqmscles and not on the 
semm, when gioupmg ehildieu under two ^eals of age In adults, however, the 
reactions due to such eiiois are not severe because the agglutiiun oi agglutinogen 
which IS too •weak to be detected in the grouping is also too weak to cause a 
marked reaction Thus, in a ease pienoush lepoited by the piesent miters’* 
m which B blood was gii eu eighteen times to an AB i ecipieut whose agglntmogen 
A was weak and also in the case reported by Bmnliam" in which A blood was 
given to a B recipient with weak agglutmin a, the leactions weie only leiy 
mild 01 entirely absent The authois have encounteied another similai case 
m which A blood was injected into a B recipient, appaientlv ivithout any 
haimfnl reaction On caieful i eevammation of the blood ot the donor by 
Di A Wieiiei, it was found that the donoi belonged to Gioup As which is the 
less sensitive of the two subgioups of Gioup A This tact (as in the pievions 
expeiience of the authois with the Gioup AB lecipient) pi obably explains the 
absence of a reaction 

Pseudoagglutination, which is cbaiacteiized by a rapid sedimentation of 
the red blood cells, is a phenomenon fiequeutly obseived m pregnancy, men- 
struation, and m ceitain pathologic conditions (sepsis, tiibeieulosis, pneumonia, 
rheumatic fevei) These talse agglutinations occasionaUj lead to eiiore in 
blood gioupmg, hut can he recognized mieioscopieally bj rouleaux foimatiou 
It IS not an antigen-antibody eombmatiou In coutiadistiuctiou to agglutinins, 
the active principle in the senmi is not absorbed by treating the serum ivith red 
cells A colloidal, mucoid, oi gelatinous snbstanee in the plasma may produce 
a phenomenon lesemblmg psendoagglutmation An example of such a substance 
obseived by the piesent writers is that of Wharton’s jelly in the blood of the 
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umbilical coul Tlie same obscmatiou ^^ds made independently by Schott 
Pseudoagglutniatioii can be leadilj aioidcd bv diluting the seiuni oi plasma 
intli plnsiologic saline in the piopoitions of one to thice fins subject is dis- 
cussed at length bj Shattockd" H’lllsliiie,'® and iIoiMlle'“ and the eliaiacteiistics 
of the phenomenon aie excellenth ilhistiated m a lecent papei by Coca 

Autoagglutination"' -- is a phenomenon in which the led cells of a peison 
aie agglutinated bj his omi seiuiii Tins may oecui iioimalh at ice box tem- 
peiatiue (cold agglutination) The clumping is due to a nonspecific agglutinin 
which acts on cells of all gioiips In ceitain pathologic conditions, howevei, 
such as hemoh tic icteius paio\jsinal hemoglobinuiia syphilis, and anemia, 
this phenomenon luai occiii eien at loom tempeiatuie Occasionallj this leads 
to enoi in grouping, because the t\io nsualh legaids these cases as Gioup AB, 
although the blood which is being tested mac in lealitv, belong to any of the 
foui groups This reaction is leeognized by examining a diop of the cell suspen- 
sion without the addition of test sera, when it will be seen that there is spon- 
taneous clumping of the cells In these instances coireet results can be obtained 
only by testing the iiaslud led cells This should be done in all cases in which 
thue IS agglutinaUon of the unuashed led blood cells with both A and B test 
seia In contrast to pseudoagglutination, cold agglutination lesists slight oi 
moderate dilution and the agglutinins aie absoibable by the cells =■' The 
action of these agglutinins is diminished by an inci eased tempeiatuie, and in 
most cases disappeais at loom tempeiatuie It is nevei piesent at body 
tempeiature 

Some unexplained reactions max’^ be due to the existence of difteiences in 
the blood which aie not detectable bx the oidinarx methods of blood grouping 
Thus, difteiences in the tj^ie of A cells liaxe been demonstiated bj' xmn Duugein 
and Huschfeld,-® Coca and Klein^*' and others These haxe been designated by 
Landsteinei and Levine^^ as A' and A’ Othei cbfferences in agglutinogens 
haxe lecently been described bv Landsteinei and Lexnne^- and lefeiied to as M, 
N, and P Xoimal isoagglutinins foi M and X, liowevei, haxm not been demon- 
stiated Theietore, these agglutinogens plax" no part in transfusion leactions®^ 
It IS also still to be detei mined whether the agglutinins specific to A*, A- oi P 
play an important role in reaction to tiansfusion Landsteinei, Lex me, and 
Janes haxe lecentlx repoited successful transfusion in 5 cases in xvhieh the 
patients x\ho possessed the agglutinins nndei discussion, reeeixed blood of the 


same gioup These mxestigatois, howexei, feel that this mattei leciuiies furtliei 
obseiwatioii It is theiefoic still essential to do mutual matching of donoi 's and 
recipient’s blood in ordci to axoid anj possible leactions winch mav ensue 


Doaip' claims that he has seen diffeiences ui the leucocjhes of indixiduals of 
the same blood gioup and ascribes cci-tain leactions to this phenomenon These 
obseixations could not be confiimed bx Rosenbeiger^-' xxoikmg in Schiff’s labo- 
latoij Pnithei stiuhe-. on this pioblem aie at piesent being made by Doan 
xVnoinalous oi atxincal agglutinins’ " « which aie lare, possess intermedi- 
ate piopertics between cold agglutinins and txpical isoagglutinins Althoimh 
thev agglutinate red cells uiespectixe ot the gioup (cells of then own mounts 
will as those ot Group 0) these agglutimns aio, as a lule, actixe onlx°at room 
timpiritiirc of about 20=' C , and xerx mficquentlx at 17° C They therefore 
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laiely lead to eiiois m giouping Expeuence, hoi\e\ei, has slioMii that eien 
this possibility must be kept lu iiimd 

If the blood yshich is diayMi tiom the lecipient ioi gioupiiig is not fiesh 
(aftei tueiitj-lom oi moie hoius at loom tenipeiatuie), the led ceils may be- 
come agglutinable by all huiiidii seia, thus causing a Miong deteiniiiiation ot the 
gioup to %yhich the patient belongs Tliomsen and Piiedeiiieich^' Inne shoy\n 
this eftect to be due to bacteiial piodiicts As a lulcj hoi\e\ei, suspensions of 
flesh blood aie used ioi giouping, so that this is laieh a cause of difficulty 
Laey^® also found that in eases ot bacteiemia the seiiim niav contain ag- 
glutinating substances due to the infecting oiganisnu 

The changes iii the blood gioiip lydiich Lesine and Segali"-' claim to ha\e 
found m patients who weie subjected to piolonged etherization as well as those 
found by^ Eden‘“ to be due to ceitain dings (ciuinine, antipMene) and by Benda 
and LeCleic^' to be due to ladio tlieiapy, are jnobably all based upon eiioneous 
obsei cations, foi it is non nell known that the isoagglutinogen and isoagglutinin 
ot the blood lemaiii iieinianeiit attei the second year ot life Laudsteniei,'*" 
the discoceiei ot isohemagglutination, is stiongly ot the opinion that a blood 
gioup, once established, nevei changes 

‘ Uniceisal donois” aie used as such by many on the gioiinds that the red 
cells ot this gioup aie not agglutinated bv any human seiiiin Thus, Biuies'*^ 
in a lecent papei, achoeates as a sate pioceduie the loutine use ot the “uui- 
yeisal clonoi ’ Exception must be taken to this statement because ot the not 
infieqiient lepoits ot alaimmg and even fatal leactions oeciuiing as a lesult ot 
such indisciimiuate use ot these donois Ungei'*^ has lepoited seieial such ob 
seiyations and Cophei^- mentions the occuireuce ot fatal aeeidents tollomug 
such piactice The daugeis iiivohed in the loutine use ot the ‘ uimeisal clonoi” 
hace also been emphasized by the Intel -allied Smgical Congiess in a lecent le- 
poit In 1926, Fi 6601011 ^“ lepoited the case ot a unneisal douoi who possessed 
an “alpha” agglutnuii which was so pow'eitul, that it he had acted as a doiioi 
foi the othei gioups (A oi AB), accoiding to the aiithoi, the lesiilts would have 
been ^ely seiious Sinulai daugeis had been pieiiously pointed out by Lenue 
and Mabee^'® Giay,'® in a leview on the lesults of fi\e hunclied tiansfusions 
in which donoi and lecipient w'eie ot the same gioup, touiicl that theie weie 
only 10 pel cent leaetioiis as compaied to 33 pei cent ot toitc tianstusions in 
which univeisal donois weie used Landsteinei is of the opinion that donois ot 
the homologous gioup aie pieteiable and also states that the clinical expeiience 
of Jones, CrlyTiii, Kubanyi, Butka and Kiatt suppoit this Mew 

In the last decade theie haie been obseiced posttianstusion leaetions which 
yveie appaieiitly due to the development ot isoantibodies in the plasma ot pei- 
sons yvho had pievioiislv leeeued injections of compatible blood In coimection 
yvith this phenomenon, the following may be quoted tioiii Landsteinei s ehaptei 
on the human blood gioups-*’ “This considei ation may hace a beaiing on the 
lesults of repeated tiansfusions m man, in new of the possible toiniation ot 
immune isoantibodies in human beings, in analog! to expeiiments ui animals 


•Sinrp writing this piper L W Parr and H Krischner reported t case of a fitalitl 

from a transfusion in whieh both the donor and recipient '^elonpd to Group O CH n lj^m 
Transfusion Fit-uitj With Donor ind Recipient in the Same Blood Group J A w. w »s 
■17 1932) 
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111 fact some cases weie lepoitecl lu wliicli blood cUiiically compatible 
at the fiist tiaiistusioii cavi^'Cd distuibaiues when used icpcatedly This 
phase as ■well as the findings ot abnoimal isoagglutinins aftei seveial tians- 
tusions lecjunes iuithei investigation Theie is little doubt that 

tiansfusion could incite the pioduction ot isoantibodies when incompatible blood 
IS injected 'which is toleiated at hist bj Mitue ot low agglutinin content of 
the lecipieiit’s seium ” This appeals to be substantiated bj'’ one ot the cases 
leported bj Astiowe In this case the lecipient (a child eighteen months ot 
age) belonged to Gioup 0, but iccened blood from its mothei who belonged 
to Gioup A The hist tiaiistusion was well toleiated because the isoagglutmm 
had not yet become actne A subseciuent tiaiistusion tioni the same donor, 
howevei, resulted in an almost fatal hemohtic leactioii accompanied by severe 
shock Appaieiith the first tiaiistusion incited the pioduction of isoantibodies 
■which were responsible tor the reaction, oi it might have been that these iso- 
aiitibodies became active in the inter im between the first and second transfusion 
PrcMoush, Lindeman^'* also cited a case in which an hemoljtic reaction oecuiied 
five days attei a second transfusion ot blood from the same person who acted 
as donor in the first tianstusion, which was uneventful Subseciuent tests 
showed hemolysis ot donoi’s cells bj the patient’s serum More recently, Land- 
stemei, Leiuie and Janes-'” lepoited a case in which an abnoimal isoagglutinm 
was found in the serum ot a patient attei the first and second tianstusion and 
which reacted on numerous blood specimens, including cells ot Group 0, and 
those ot the donor In this case, howevei, theie were no postti ansfusion le- 
actions Hemolytic reactions even attei the first transfusion ot compatible 
blood have also been observed Carrington-’ cites a case in which the recipient 
developed hemolysis soon after a tianstusion of blood from a donor who had 
been previously tested and found to be compatible It is cjuite certain that 
such instances, although not tiequentlv reported in the literature, aie not of 
mtreciuent occmience 


UNCI BAN APPVRATtS 

riieleaii apparatus is known by all who perform blood tiansfusions to be 
fiecpiently the cause ot leactions This mav be due to the pondei of neii rubbei 
tubing, aecuniulated blood dots m the apparatus employed (especially it the 
Utter IS a complicated one), debus which remains m the apparatus or needles 
aftei steiilwation, etc The tendency recently has been to simplify the ap- 
paiatus with the aim of ehminatmg the possibilities ot such collections of 
e\tianeous nutter - Passing saline tluough the apparatus just before the 
tiansiusion will present accidents ot this t>pe 


Cl rit ITE 


Gnice the dunonstiation In Agotc-’ in 1914, and the independent obseiia- 
tioiis by Meil-- md Loiusohn « in 191}, that sodium citiate maj be used as an 
iiiticoiguUut m blood transfusions, theie has arisen a gieat control eis\ le- 
gaubug the Kli uitigcs ami cbsadiantages ot the use of citiate intravenoiislv 
Hvuh b IS been Mutteu pro nid con In 191T, Sj denstucker-’ found only 17 per 
curt postti insnniou reactions nlun citnte was used Raidm and Gleim-^ 
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fiom d studj' of 161 citiate ti aiisfusions, tontlucled that the simplicity ot this 
method wan anted its piefeienee o\ei otheis in yogne at that time They en- 
eounteied as many chills y\ith tlie use of paiaffin glass cylindeis as yvith sodium 
citiate In a similai levieyy ot 269 eases studied by Leyy isoliir" the lattei con- 
cluded that citiate ti aiisfusions yveie as satisfactoiy as any othei method em- 
ployed at that time, yvhich at best yyeie eiude as compaied to the peifected 
methods o± today As legaids the pioduetion of hemolysis by citrate, 0 ’Halley 
and Haitman,’'® in the light of then y\oik on eitiated plasma in the tieatment 
ot pneumonia, concluded that the hemolysis is due not to the sodium citiate 
but to contact of the blood yvith the yvall ot the contamei, lesulting m tiaimia 
to the platelets yvith subsequent thiombm toimation In a subsequent pubhca- 
tion, Ilaitmau®’ leiteiated this point and cited the exiieiiments of iLiiot'- and 
the obsenations ot De to substantiate this opinion 

The geneial toxic efteet ot citiate in the blood stieani is also a eontioyemal 
question Hendeison,*^* in a letter to Joanmdes''-' yvho, in 1924, yvas imestigating 
this pioblem, agreed yvith the lattei that the use of citiate in such small quanti- 
ties as aie emploved in blood tiansiusioiis is not daiigeious Gichnei''* toimd 
that citiate is not toxic yvheii used in eyen laigei doses Rous and Tmnei'’" 
f lu thei inoi e, yyeie of the opinion that not only is citiated blood haimless but 
eyen of paiticulai adyautage duiing y\ai time yyhen it becomes uecessaiy to Iiaye 
a constant supply' on hand since it is possible to pieseive the blood foi a month 
it piepaied in the foim of a mixtiue of dextiose and sodium citiate (3 parts of 
blood, 2 parts of 3 S pei cent sodium citrate and 5 parts ot 5 4 pei cent dextrose 
m yvatei) IToftman‘‘^ also considered citrate transfusion a usetul procedure 
and beheves that the deleterious eftects and eyen the fatahties which haye been 
ascribed to citrate are not due to citrate per se, but to other causes, such as poor 
tecliiue, bad risks, etc 

There aie, hoyvevei, inaiij obseiyeis yvho decry the use ot citiated blood 
Thus, Brines*® states that there is never a time yvhen citrate is as good as yyhole 
blood Bacon'® deprecated the use ot citiated blood, asseitmg that it carries 
yyith it “heayn liabilities ” Beiuheini'* has been eyen nroie emphatic m Ins 
yvainrng, an abstract of yvhich lolloyys ‘ It yyas thought that ruereased famili- 
arity yvith tins method yvill decrease the evils The dread reactions 

still persist, and pei'sist despite the most painstaking efioits to discorei then 
cause or origin, despite the most careful mixing of citrate yyith blood, despite 
the most carefully pUmied and executed citrate tiaiistusions carried out bj 
men yvhose long expeiieiice yvitli general blood transfusions yvould preclude the 
possibility of technical error ” After citing seyeial fatalities, as a yvarmng to 
otheis, he continues, ‘ So I inamtaiu that this reaction folloyviug the citrate 
transfusion yvith its inheient danger and failuie of medical men to take tog- 
inzance of its importance, is analogous to the story of our eistyvhile indifteience 
to blood tests, and I am trying to sound a yyainiirg ” It has also been charged 
bj Unger"®' and otheis that citrate destroys platelets, that it develops anti- 
complenrentaiy properties in plasma, that it reduces the phagocytic and opsomc 
index of the blood, that the red blood corpuscles are made nioie triable, and t a 
It nioduees a general sy'stemie leactioii with malaise and chills That su 
reactions aie common is apparently borne out by the obserrations ot numerous 



KEACTIONS TO BLOOD TILVNSFUSION 


1035 


investigatois Kietzlei'^ found that leactions aie moie fiequent when citiated 
blood IS used than when even so ciude a method ot unmodified blood tians- 
iusion as that of Lindeman is employed Pauchet^'^ encounteied disagieeable 
I'li-ilk wth citiated blood and was foiced to lesort to a method in which paraffin 
coated syiinges weie used instead of citiate Platt/® Moons^^ and Ueimann 
have each desciibed blood tiansfusion fatalities which they believed to be 
due to the use of citiate Beinlieim ■* found that despite piccautioiis, leactions 
occuiied in 20 to 40 pei cent with lehned methods of whole blood tiansfusion 
Meleney et al encounteied reactions m ovei 64 pei cent of 196 cases in which 
citrate transfusions weie pei formed Ledeiei,®’ in a compaiative study of a 
consecutive senes of 100 tiansfusions ot citiated and whole blood transfusions, 
encounteied about 50 pei cent reactions with citiated ancl none with whole 
blood transfusions iloie recently, a similar study conducted by Landon®- 
revealed that reactions occuiied five times as frequently with citiated as with 
whole blood 

The exact causes foi these reactions are still unknown According to 
McClure,®® they are due to the piolonged exposure of the blood to foreign sub- 
stances that the citiate method necessitates The expeiimental investigations 
and extensive practical expeiienee of Diinkei and Biittingham®^ have led them 
to conclude that the reactions aie due to the deleterious effects of the citrate 
on the blood platelets Hoisely et al ®® aie of the opinion that citiate produces 
ceitani ehenueal and biologic changes in the blood, which changes may account 
foi the reactions Whichever is the collect explanation, it is quite obvious 
from the leview of the literature, that reactions are much more common with 
citiated than with unmodified blood transfusions 

INCIPIENT COAGULATTVE CHANGES 

Reactions, however, occui with none of the afoiementioned causes to explain 
them. Some of these resemble the reactions which are due to hemolysis or ag- 
glutination, yet present no evidence of the existence of either of these 
phenomena Such reactions have been asciibed to the incipient coagiilative 
changes m the transfused blood before it enters the ciiculation Prom a study 
of the eftects of phjsical influences on blood, Satteilee and Hooker®® have been 
led to conclude that such altered blood contains potential coagulative factors, 
such as tliiomboplastm and thiombm, which probably produce coagulation after 
leaching the ciiculation, yet the changes are too fine to be detected by the 
oidinaij methods Similar views are held by Clougb,®^ Hoisely®® and others 
Poi want of a better explanation the above must be accepted as aceountmo- foi 
this type of tiaiistusion leaction The expeiieneed tianstusionist who has”seen 
the fiecpientlj uiidvoidahle agitation, whipping and othei abuses to which the 
blood IS exposed before it is injected into the lecipient’s vein, can best appieeiate 
the logic in snob an explanation 

ALLERGIC RILVCnONS 

Alleigic leactions to blood tiansfusions are not micommon Caninnton®® 
lepoits i case m which the patient, within ten hours altei reeenm- 50 on of 
compatible eitiitcd blood, developed djspnea, lavjnge.il stiidoi, cjLosis pul 
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nionaij edema, became comatose, and died Theie csas no hematuiia oi hemo- 
g’lobiiiuua Blottuei''‘’ cites scneial iiistanees ot shock tiom lepeated tians- 
tusioiis ot compatible blood The natiiie ot tliese leactioiis, the piesence ot 
eosiiiophilia, and the tact tlnit the leactions in these cases occuiied Mith those 
tianstusions which weie peitoimed m thiee to si\ weeks aitei the hist, indi- 
cated that tliey weie alleigic in natuie In leciewing the lesults ot 700 tians- 
tusions, Duke®' states that alleigj is an impoitant eontiaindication The al- 
leigie phenomena, accoiding to Han/lik,"- depend upon a distuibanee ot the 
physical and chemical (colloidal) mechanism ot the blood and tissue Accoiding 
to Koidenat®'' most of tlie so-called “anaphylactic reactions” aie lealh due to 
piotein shock, cvhich maj occui in one ot tno wa>s Fust, the donoi s blood 
nia'c inciease the piotectice oi cleaiage powei ot the patient’s seium so that 
theie IS cleacage ot danmged tissue which produces the leaction Secondh, be 
cause ot pooi pioteopevic ability ot the luei, paith alteied pioteins leak 
thiough, lesulting in paienteial clea\age and nonspecihc piotem shock CWiclal 
ciisis) Anaphi lactic leactions ha\e occasionalh been .isciibed to tood alleigj 
Thus, Duke and Stotei®' encouiiteied leactions in sensitne peisons ivho leeeued 
blood tioiii donoi s who ingested the oftending tood betoie the tianstusion This 
theoij has been paitialh substantiated in a lepoit b\ Biem’’-’ who claims that 
such leactions weic pieiented In using tasting donoi s blood Hustm"’ be- 
lieved that anaphj lactic leactions to toieign piotein Ctiii be wauled oft b> pie- 
liimiiaiy injections as desciibed b^ Besiedka In oui expeiience, adienaliu has 
been found extiemelv helptul iii w aiding oft and combating most ot the so called 
alleigie leactions 

In concluding the ^eij biiet lesiew on this phase ot the subject, it mai 
be stated that the lutoimatiou thus tai gatheied is -ceu unsatisfaetoij Ac- 
coiding to the most leceiit opinions held bj the toiemost iin estigatoi-s ot Inpei- 
sensitn eness, it is ciuestionable whethei the le.ictions desciibed aboie aie tiiilv 
alleigic ITticaiia, eosmophilia, the eftect ot adienalni in coiiti oiling the symp- 
toms aie not neeessaiih signs ot an illeigic phenomenon It is not within the 
scope of this papei to dehe into the intiicaeies ot the subject Foi a compie 
hensive discussion ot this phenonienon the leadei is lefeiied to the woiks ot 
Coca and to those ot Welch and Kaisnei 

SYSTEMIC DISE,\SES 

The tianstusion ot blood mav haye deleteiious eftects on the kidney yvith 
lesultant seveie and tiequenth tatal leactions An excellent leyieyv of this sub- 
ject yvas lecenth yviitten by Boaidlej®'’ who desciibed 3 eases ot this type, 2 ot 
yvhicli yveie fatal, and also cited about 22 othei cases pieyioiish lepoited by 
othei authoi-s In sixteen ot these the leactions yeeie tatal Accoiding to 
Billies, the leactions occiiiimg in these pei-sons weie due to nndeilyuig lenal 
disease Thus Sehuniaehei'’® I’epoited 2 cases in yyliich blood tiansfusion pie 
cipitated fatal uieinia in patients yvho were suftering tioni pievions lenal im- 
paiimeiit A gieatei number of the cases pieyionsh mentioned, howeyei, 
showed absolutely no evidence of lenal impaiiment betoie the tiansfusion We 
have also found the conveise to be tine Many patients with nephiitis some 
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of them A\ith iiiaikect ictention, have leceived tianstusions without any un- 


tow aid lesults 

A leview oi the liteiatuie on this point tontiinis this obseivation Otten- 
beig"’“ earned out a laige nuitibei ot tiaiistusions on patients with diseased 
kidneys, and seveial with one kidney, with no untowaid lesults in any !Mo&en- 
thab’’*^ tailed to notice a suppiession ot uiine aftei tiansfusions on patients 
with Blight’s disease He belieied that anaphjlavis and heinoglobinemia tiom 
incompatible blood cause the damage to the kidney, but that the etfect is the 
same in the noimal peison as in those with Blight’s disease On the contiai}, 
tavorable lesults, following tianstusioii in eases ot lenal disease, have been le- 
poited by Bamsa’s,^"- Martin,''’'* Iieisen,’'*' and Plandin In nephiosis like- 
wise, no contiaiiidication to transfusion has been lepoited Epstein,''”’ 
Clausen,'®' and otheis tailed to find any unfavoiable lesults in these cases, 
and m fact lecommeiid it as a lahiable theiapeutic measuie 

The cause ot the lenal inioUement is still not undeistood, and is an e\- 
tiemely interesting pioblem Boaidley believes that it is all due to incompatible 
blood, although definite incompatibility was established in only 6 of the 17 
cases which he deseiibes in moie oi less detail One of his own' fatal cases, 
furtheimoie, leceived blood which was found by pievious eioss agglutination 
tests to be compatible with the lecipient’s blood One of us (P) also had an 
experience with a fatal ease iii a patient of this type who leceived blood which, 
as tai as could he deteimuied by the usual methods ot eioss agglutination, 
was compatible with that ot the lecipient To asciibe all reactions of this 
type to incompatible blood would, theietoie, not account for these larei in- 
stances, and a moie satisfactory explanation is still wanting The anatomic 
changes in these cases have as vet offered little information in that respect 
The outstanding changes in the kidne>s consist of swelling and advanced de- 
generation of the tuhulai epithelium (many of which contain a pecuhai 
biownish pigmented material which is helieced bv some to be of bemoglobin 
oiigm) Classes ot blood pigment, as well as debus, leucocytes, wandering cells, 
and desquamated cells are found m the luraina of the tubules Dilatation of the 
glomeiulai capsules and an interstitial cellulai mfiltiation occur m some of 
these cases In the livei, cential neciosis is the common finding 

The presence of the masses of hemoglobin pigment in the renal tubules is 
the basis toi the theoiv that the blockage of the tubules by these casts produces a 
lenal insufficiency But as has been definitely shown b\ Sdlards and 3Iinot'“® 


and latei by Bich the injection ot heinoglobm into human beings failed to 
pioduce lenal inipaiiment At this point, it may be interesting to cite the ex- 


peumcntal evidence ot Bakei He showed that in these cases hemoglobin is 
till own out in solution when the Pu of the medium is 6 oi less and when the 
sodium chloude content is 1 per cent oi ocei Under sucli circumstances he 
ilaims, hemoglobin i-, excreted m solution in tlie glomeiulai tiansudate and attei 
couccntiation in the tubules the pigment is piecipitated in the foim of hematin 
due to the aLiditj and iinieasc m salt concciitiation According to Bakei this 
toucbtion mas , in t iLt be combated b\ pi oduuug alkaline diuresis 

Tin d.augis lu.ud in the lubuUs ot the kidney, wbidi are so simdai to those 
ot the so-calkd tubulu nepluitis, dcscubed bj Blown et al "® as occmiin- ni 
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p}loiic obstxuetion Mitli -voiuiting, has lent suppoit to the theon that the post- 
transfusion leual msnffitiencv folioMS a loss of chloiicles incideut to '\oniiting 
and its consequential nitiogeu letentioii 

Acute poisoning bv au nutating oi to\ic substance as being a cause of post 
tiansfusiou leiial insuthcienej is suggested br the eiidences ot inflaminatoiy le- 
action obseived in the lvulne\ (Icucocjtic infiltiatiou, edema, neciotic tubiilai 
epithelium), and also bj tbe foci oi neciosis in tlie h\ei 

Fiom a elmiLal point of Mew, the natme ot the sjTuptoms of the leactiou 
fair 01 s some and negates otbeiN ot the theoiies lueutioned to explain the causative 
factors Thus, the theoiv ot toxic nutation is stieiigtheued bv the sninlariti 
between the syiniitoni complex of black natci teiei and that of the tiansfusiou 
leaetiou, ululc the theoiy ot hemoglobin blockage of the tubules is weakened bi 
the absence of hcmoglobimn la m some of these leaetions TJie sunilantj be- 
tween the reactions to tianstusions and shock nhich is fieqnentiv associated 
wnth seveie lenal nisufhciein v, as pointed out by Longeope and Eaekemami 
has led to the considciatiou ot a theoii winch asciibes the leactiou to shock le- 
sultiug iioin a kidnej seiisitneness to incompatible blood This pi nse has 
already been consideied in the discussion of alleiuic leactions 

Othei oigans besides the kidnc\s mai be ocei taxed by blood tianstusions 
As 'Wildegans*’- iccently emphasized, the licait hvei, and blood \essels maj 
all suftei seiioiis injun Biseubeigci”* lepoited a case of sudden caichac 
paiaiysis attei the miection ol ouh 150 c c ot blood This was a case of nnti-al 
stenosis m which the iiitmc to the lieait was pimed at autopsy Piobabh 
uumeious othex fatalities ha^ e occmiccl due to o^el taxing of the heait especiallj 
in those peisons whose caidiae leseiie is at a loir level In this connection, 
Ejstei’s"* expciiuicuts aic ot luteiest Piom an x-iav studj ot the silhouette 
area of the lieai t lie found that in the i ecipieut, nici ements of blood by trans- 
fusion m amounts to within 1 pei cent of both weight xesultcd in a tiansitorv 
alteiation ot the caidi.ic size Althounh it was tound that the compeuiatoi^ 
mechanism in the cases studied, caused a lapicl adjustment to the noimal ciieula- 
toij conditions, not wuthstaucUng the alteied blood colume, it is questionable 
whethei a diseased heait would show a smulai eompensatoiy abditj We haie 
fiequentlj obseiied a seveie type of leaction which is most piobablj due to 
ovei distention of tbe light side ot the heait, with what appeals to be au mtei- 
feience to the piopei letvun flow' of the ceiebial ciiculation That the leaction 
IS caidiac m natuie, is evidenced by the tact that the patient suddenh becomes 
pulseless and cyanotic, and the caidiac sounds become almost inaudible At the 
same time theie is a loss of consciousness, i oiling of eyeballs, and in some lu 
stances muscle spasms This is soon followed by cold and clammy peispiiatiou 
and then simultaneously with the cessation of the transfusion, a giadnal le- 
tuin to consciousness The patient “wakes up ’ tiom a biief “sleep ” All this 
tiauspiies in a peiiod of a minute oi two, pro\ided the sjmptoms aie lecogiuzed 
eaily enough and the tiansfusion is halted Pailuie to obseiie the onset ot 
this leaction quickly enough mai pioie fatal to tbe patient, oi lesnlt in a pio- 
longed leaetion, so that unconsciousness may peisist foi as long as ten oi fifteen 
minutes, and a much slowei letuiii of the heait action to noimal Tins type ot 
leaetion occuis in peisons with pool myocardial tone In peitoinung tiaus- 
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fusions on such patients, theiefoie, it is evtiemelj irapoitant, to watch the pulse 
and to inoeet the blood slowly and guaidedly 

TRANSMISSION or DISILISn 

The ti ansinission of disease fiom donoi to lecipient and vice \eisa, lany he 
consideied a leaction to blood tiausfusion This ha/aid lias lecently been 
pointed out by a numbci of obseiveis Tiansmission of asthma has been re- 
poited by Ramiie^“", measles, In Baugess"® and IlaiielB”, smallpox, by Bla- 
loek“®, malaiia, by Koiabebiikoft,”-* Flaum’-« and otheis, and syphilis, by a 
number of observers including ouisehes It may be added that syphihs 
has similaity been tiansnntted to the donoi In oidei to aAoid these complicat- 
mg reactions, rigid physical and seiologie examination of family as well as 
piofessional donois has been uiged 

The authors wsh to express their gratitude to Dr Plnhp Le\ me, of the Eockefeller Insti 
tute, for his kinduess in reviewing this piper and for his manj helpful suggestions in the 
preparation of the part of the manuscript dealing with isohemagglutmation reactions 
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SPECIAL FEATURES OF THE BLOOD IN INFANCY AND CHILDHOOD* 


S jM Goldhambr, il D , Ann Arbor, Mich 


TN INFANCY and childliood the hemopoietic system undeigoes changes which 
lead to the adult condition The hone marrow pioduces led and white blood 
cells side by side, and fills all of the bones It is only with onset of adolescence 
that the led bone marrow begins to lecede from the shafts of the long bones and 
be leplaeed by fat Just as the led bone maiiow may replace this fat during 
severe anemias in adults and thus revert to the childhood type, so the bone mar- 
row of infants moie easily i everts to the fetal type undei the stress and strain 
of hemopoietic stimuli or irritants This apparent diffeience m response to sim- 
ilar disease processes has gi\en use to the impression that blood dyseiasias of 
children are quite different fiom those of adults and lepiesent separate disease 
entities There are additional features of the normal infant’s hone maiiow and 
blood, an appieciation of which is important m evaluating the different blood 
pictures 

Anatomy of the Bone Manow — The anatomy of bone mariow vanes consid- 
eiably at different age periods Pmey^ pointed out that at biith and foi the first 
thiee to four yeais, the cut section of the marrow is pmk, and the expressed 
tissue a rich red At the age ot seven years the marrow is less pinlc and the 
surface appears gieasy The expressed tissue has distinct fat droplets, howevei, 
no maeioscopic areas of fat are risible until the age period of twelve to fourteen 
years At this time fatty patches occur at the middle of the shafts of the long 
bones Within twehe months othei smaller fatty areas are noted throughout 
the marrow These same changes occur iir the tibia, fibula, femur, radius, ulna, 
and humeuis The fattr changes occur much moie rapidly in the lowei extiem- 
ities and, further, these changes are more rapid nr the distal portions of the bone 
than m the proximal When the tibia and fibula aie completely filled with fat 
the uppei end of the femur still letaius led mauow This is the adult picture 
as It exists nr the long hones The epiphyses also become cirtiiely fatty by a 
smnhi process as piexiously deseiihed Red manow is always to be found nr 
tin nhb, stnmun, xertebiae, os nmommatunr, and m the hones of the skull 


IV 'Tl'omiH livnrj Simpson AlcmofUl Inblltule for 

l> ot Michigan \nn Vrbor Arichig'xn Medical Ptsc irch Lnl- 
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The adult maiiow has a \olunie ot about 1400 e c , Avhich is fai ui e\cess of 
the actual amount lequued foi maintaimug a noimal plnsiologic function As 
a lesult, a laige leseiie spate is piesent which is potentialli aiailable toi the 
foiniation of blood cells undei abnoimal conditions The maiiow ot the intant 
lacks this leseive Foi the bod\ ot the intant to compensate foi an anemia it 
has tno lueehauisms 1, the displaecinent ot fluids, blood and plasma, 2, the 
lesoiption of bone These two pi ot esses sateguaid the tunotioii of the raaiiow 
undei 1101 mal conditions and to a certain e\tent uiidei pathologic conditions 
Howeiei, with iiiei easing abnoimal demands which the adult could caie tor by 
his “leseiwe,” the intant is unable to compensate toi and the maiiow sufteis as 
a lesult The added load is too gieat, and the iiiimatiiie cells ot the niariow 
aie tliiowii out into the stieam long beloic thci aie iipe, gning the tipical em- 
brionie tjpe ot peiipheial blood In seieie anemias, loci ot blood ioimatioii 
maj leappeai in the Inei and spleen The blood pictiue of anenua in the adult 
aftei a pi obliged period ot time mac simulate that ot the intant, but the im- 
mediate pictiues diftei, since the adult has the mechanism of ‘ lesene ” 

Ilemofjlohin in Infancy and Childhood — The majoiitc of the lepoits in the 
liteiatuie conceining the hemoglobin estimations ot infancj and childliood aie 
usually gn en in ‘ ‘ pei cent ’ ’ w itb no data as to the c aliie ot 100 pei cent in ab- 
solute figuies Some authois ha\e gneii aceiage figuies loi the caiious age 
gioups, omitting the numbei ot cases studied In Table I aie listed the aceiage 


Tible I 


age amount of IIEilOOIOBlN 

GRAMS PER 100 C C 

rritcESTAOE or hemoi couin 
( 14 QBAMS = 100 PEB CEN t) 

NUMBER OP CASES 

1 

Daj : 

, 10 23 

137% 

103 

o 

Dajs 

16 23 

116 

40 

2 3 

Dajs 

22 05 

158 

45 

3 

Dajs 

15 S2 

113 

30 

•1 

Days 

16 19 

116 

39 

48 

Dija 

20 99 

140 

47 

5 

Days 

13 90 

113 

34 

(j 

Dacs 

15 43 

110 

35 

7 

Dais 

15 29 

109 

29 

S 

Dajs 

14 26 

101 

34 

9 

Days 

14 30 

101 

29 

10 

Days 

12 50 

SO 

26 

11 

Days 

13 83 

09 

31 

12 

Days 

12 74 

91 

12 

13 

Days 

17 40 

112 

1 

9 13 Dajs 

20 89 

149 

38 

24 

Days 

14 40 

103 

1 

14 56 Dajs 

17 00 

121 

46 

3 5 

Months 

13 30 

95 

42 

6 11 Alouths 

13 30 

95 

43 

12 

Months 

12 57 

89 

34 

11 23 Months 

1190 

85 

12 

3 

Years 

12 37 

90 

33 

3 

Years 

13 16 

04 

31 

4 

Years 

13 62 

07 

31 

o 

Years 

13 54 

07 

3o 

12 

Years 

1106 

79 

7 

13 

Years 

11 20 

80 

33 

14 

Years 

1148 

82 

17 

15 

Years 

12 32 

SS 

27 

16 

Years 

12 32 

88 

13 
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lienioglobm content in giams pei 100 cc and lu ectunalent peicentages (using 
14 giams as 100 pei cent) of 777 healthy diildien collected tiom the hteiatuie 
and 100 cases oliscived by the atithoi The peiiods coseied aie fiom biith to 
the filth yeai, and fiom the tivellth to the sj\teenth yeai 

Foi the fiist ten dajs the hemoglobin langes tiom 22 05 giams to 12 5 giams 
pex 100 c c of blood with the asmiage well abo\e that found in adults Giadually 
it tails to a level of 11 9 giams, being the lowest irom the thud mouth to the 
second leai Theie is then a slow letiun to the adult lauge with a slight drop 
again at pubeity 

Red Blood Celh — The nuinbei ot led blood cells piesent in the peiipheial 
blood seems to paiallel the amount ot hemoglobin At birtli, and toi the fiist 
tew weeks following, the count may be as high as seven million led blood cells 
pel cubic nnllimetei, the aveiage being about flee and a halt million pel cubic 
millimeter From the first month to the sisteenth yeai, the aveiage count is 
appioximately ioui and a halt million pei cubic nullimeter The results com- 

Table II 


age red blood cells NOiSBEB OP rAsEb 

MILLIONS PER CU MM 


Birth 

6 83 

87 

•1 

Hour 

519 

71 

6 

Jlourii 

5 66 

71 

11 

Hours 

4 57 

1 

12 

Hours 

0 52 

71 

18 

Hours 

5 38 

71 

24 

Hours 

5 65 

155 

30 

Hours 

5 37 

71 

30 

Hours 

5 43 

71 

48 

Hours 

5 43 

110 

3 

Dajs 

5 29 

30 

1 3 

Bajs 

4 S3 

30 

4 

Dajs 

3 43 

38 

5 

Dajs 

3 21 

31 

e 

Dais 

5 14 

34 

7 

Dais 

5 15 

29 

8 

Dajs 

4 73 

33 

0 

Dajs 

5 36 

30 

20 

Dija 

4 05 

26 

•1 10 Dajs 

4 65 

30 

11 

Da^s 

4 73 

31 


Dns 

4 30 

12 

13 

D ijs 

3 69 

1 

1-i 

D <js 

3 79 

10 

-’4 

Dajs 

3 40 

1 

3 

Months 

4 30 

17 

1 

o 

\i. ir 

Ytirs 

4 00 

4 50 

10 

10 

* 10 iLirs 

22 'it irs 

o 00 

4 GG 

10 

13 


4 OS 

33 

1 i 

"i t Its 

4 77 

17 

12 

10 

"Vt irs 
\rs 

4 73 

4 00 

27 

13 


(Umbilical coid cut iminedi 
atelj — 

6 cases 5 08 

Uuibihcal cold cut after ai- 
tenal pulsations cease — 

8 cases 5 57) Hayem 
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piled in Table 11 li.ne been collected liom data on 1,198 bealtln childicu ob- 
tained iiom the liteiatuie and 100 cabcs imestigated bj the authoi 

At bath and the following tew dajs, nucleated led cells aie piesent m de- 
creasing niunbeis Neumann- belie\ed that thev are coiiunou m the newborn 
FischP lorrnd them pioseiit in one case, and absent in two Hayem and LuzeP 
claim tliat eivtlii oblasts disappear Ironi the blood of tJie fetus during the later 
neeks ot piegnano, nhile Hock and Schlesingei’’ found them present in healtla 
children Most authors belieie that nucleated red cells disappear by the foiuth 
dar At birth the reticiiloeytes lai}’' iioiii 5 to 10 per cent (Fiiedlandei and 
'Wiedemci,*' Seiioith and Jurgens'*) Anlsoc^tos^s iioikilocytosis, and poh- 
chiomatophilia are also marked in the blood of the newborn The lauous signs 
ot regeneration assume noinial piopoitions within a iew dajs In addition, 
some authors ha\e reported the presence ot the so called '‘ghost cells’ at birth 
Tiicii signihcanee is not known 

II kite Blood Cells — In the newborn, the number ot white blood cells piesent 
in the peripheral blood is markedly elevated It mar total as high as tor tv- 
thousand per cubic millinietei, the areiage being twentr thousand per cubic inilh- 
metei Up to the eighteenth hour, there is a slight increase in the total number 
ot white cells, toUowed b> a gradual decrease (Tins high white cell count prob- 
ably includes the nucleated red blood cells which are inesent ) All diuiiig in- 
taiicj and early ehildliood a slight leucocrtosis is piesent, the areiage number 
ot cells being 12,000 to 14 000 per cubic nuilimctei About the tenth rear the 
noiinal, adult count is reached In Table III are listed the areiagcs ot the 
various age groups 


Tuii^ m 


AGE 

XarAE WHITE BLOOO CELLS 

PER CU ilil 

icrtBis or CASES 

Birth 

18,100 

58 

t Hour 

16,600 

71 

6 Houri. 

21,000 

71 

12 Hourb 

22,500 

71 

IS Hours 

21,200 

71 

2-1 Hours 

17,700 

130 

30 Hours 

17,600 

71 

36 Hours 

15,400 

71 

■18 Hours 

12,200 

143 

72 Hours 

12,900 

57 

96 Hours 

10,100 

70 

5 Days 

9,120 

61 

6 Da>3 

11,200 

61 

7 Dars 

11,500 

38 

S Days 

11,700 

5S 

9 Days 

12,100 

57 

10 Days 

12,400 

riO 

30 Days 

12,200 

IS 

2 Months 

13,500 

3 

3 Months 

13,200 

- 

4 Montlis 

11,200 

12 

5 Months 

13,200 

- 

6 Months 

13,000 

- 

1 2 Years 

6,500 

150 

2 3 Years 

7,350 

150 

3 1 Years 

6,400 

150 

4-5 Years 

6,560 

150 
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Thei e have been many theoi les pi esentecl lu eyplanation of the high leucocyte 
count Some authois believe it to he clue to the loss of body fluids, otheis as due 
to trauma dining delneiy , while still otbeis believe it the result of bone maiiow 
stimulation, oi a leactiou fiom ingested piotein after eating foi the fiist time 
Platelets— Oi all the cellular elements derived from the bone maiiow m 
the peripheral blood, the platelets are the only ones not increased in number 
They average from two hundred to four hundred thousand, and this amount 
remains practically constant throughout life 

In addition to the theoi les piesented in explanation of the lencocytosis, 
sereial others have been offered to account for the increased numbers of red 
cells, hemoglobin percentage, and white cells of the newborn Lepine^ believed 
the rariation due to changes nr the plasma volume, Hayem® accounted foi the 
increased numbers as the result of a new formation of the elements In addi- 
tion, he demonstrated a variation in the number of red blood cells when the 
umbihcal cord was cut immediately and after waiting for the arterial pulsations 
to cease In fouideen observations there were appiovimately one-half a milhon 
red cells pei cubic millinietei moie m samples ot blood obtained attei the pul- 
sations ceased Sehiff'* believed the blood to be concentrated as a result of the 
loss of bodj fluids Elder and llutchmson** are inclined to agree rvith Hayem, 
foi the figures obseived vaiied too much within a few hours to be accounted foi 
by either increased cell production oi hemoljsis If the bone marrow were 
stimulated as the result ot lack of o\j gen or increased bode need, or if the blood 
veie concentiated from the loss of fluid, the platelets should also he incieased 
in amount 


The piesenee of immature red blood cells and white blood cells in the 
peripheial circulation for only a few days, in addition to the fact that the plate- 
lets remain constant, leads one to account for the newborn blood picture by some 
other method This has been suggested by Schilling,” and it is thought to be 
cleanng of the livei and spleen as loci of hematogenesis 


Differential (Leucocyte Count) — Duiingthe first twenty-foui to forty-eight 
hours, the polymorphonuclear leucocytes are present in abundance, assuming the 
piopoition seen in adult life After two or thiee days, they decrease from a 
total of about 60 per cent to 35 or 40 per cent The eosinophils acerage 3 to 7 
pei cent, while the basophils remain about 0 5 per cent The mononuclears a\ei- 
age 3 to 10 pei cent The diffeience is made up vnth small and large Empho- 
ectes The tc pes ot cells piesent aftei the fiist few days are all adult m nature 
This factor assumes great cliuieal calue evhen estimating the impoitance ot the 
blood as a means of diagnosis Table IV is a summarj of the average diffeiential 
counts ot manj obseivations pieciously lepoited 


Smith” has iinestigated the piesenee of b mphoc j tosis m 37 infants, 21 of 
nliom neic less than one yoai old He made compaiative difterential "counts 
m Inmg pieparations and stained smears The peicentage ot polymorpho- 
nuclear kucocMcs i\as 8 6 pei cent more in the liesh pieparation than m the 
h\id him uid fiuthci, the immbci ot hmphocjtes in a dm snieai was 11 to 
U moic than those in a luing sample This difterence he helieces 

IS due to the failure or the ohsercei to iclentitj pioperh the mashed cells nies 
ent m the tocershp piep.u itions ind the unequal distubution on the AYimht 
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TvBCE IV 
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stained films AVith the abo\e collection, the ditfeiential count seen m inlaucy 
and childhood would more closely appioxim.ite that ot the noinial adult This 
would mean, howecei, that pohinoi phoiuicleai neutiophils in babies weie mole 
ti agile than those oi the adult and that the physical piopeities ot then blood 
■weie also dilfeient 

Discusbion — A leMew of the canons blood pictuies desciibed indicates a 
slow tiansition liom the blood pictuie ot intanec and ehikUioocl to the iionnal 
pictuie oi the adult Howecei, theie aie seceial teatuies ot the bone inaiiow 
and blood ot intanec and childhood cvliich aie outstanding 1, the distiibutioii ot 
the bone maiiow , 2, the changes in lienioglobm c allies, 3, a polycc theniia at 
bnth and toi about one month tollowing, -I, a peisistent leiicocctosis, 5, the 
piesence of immatiue led and white blood cells in the peiiplieial blood dining 
the fiist feci dajs of life 6, lymplioei'tosis up to the second oi thud real 

In addition to the above-mentioned teatuies is the abnoimal i espouse ot the 
bone maiiow in mtanec on the slightest piocoeation with a i eversion to the 
embryonic tjpe ot blood luteetion in adults is mamtested by a leucocj tosis, 
wheieas in infants, not only is a leucocj tosis piesent, but many immatuie white 
cells aie tin own into the stieam Muth a lesultnig leueemoid picture Anemias 
111 adults, unless seieie, raielv it ecei show immature led cells in the peiipheial 
blood, because ot the “leseice” ot the bone maiiow (the replacement 
maiiow by led maiiow) In infancj and childhood tlieie is no "lesene” ot 
the bone maiiow, and any extia demand lesults in an oieiactmtj which tur- 
nishes only nici easing numbeis of immatuie red cells to the blood Noimoblasts, 




U1 OOD IM VXC\ A^D CHll OHOOD 


1049 


niegaloblasts, aiiisoc> tosis, poikilocytosib, and poly chi omatopliiha aie much in 
eiidence The hiei and spleen otten asbume the lole ot hemopoiesis which they 
formeih had in tlie tetiis The midei standing ot this lague mechanism is most 
mipoitaiit 111 evaluating the contusing blood pictmes occuiiiiig in infancy and 
childhood 
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DIAGNOSTIC FEATURES OF THE BLOOD COUNT AND OF THE 
MOEPHOLOGY OP THE BLOOD IN DISExVSES ASSOCIATED YTTH 

SPLENOMEGALY* 

HcnBEUT Z Gipfin, D , Eocuester, Min:n' 

T)HYSICIANS intiinatel;y eonccinecl mth climcal hematology ha\e long recog- 
mzecl nunoi dilieienees lu blood counts A\]uch the}’’ have moie or less m- 
tiutively used as aids to diagnosis, howeiei these ininoi ehaiactenstics haie 
laiely been analj’^ed Likewise, hematologists inteiested chiefly m examination 
of the blood have deseiibed many vaiiations fiom the noimal, ’nhieh houevei, 
liaAe not been suffieicntlj simplified to come inthin the giasp of the piacticmg 
physician I hope that this papci niav at least paitially elaiifv this situation 
Of the diseases associated with splenomegal}', the commonest only mil he 
coiisidei ed 

HEMOniTIC ICTERUS 

An examination ot blood, made Pebiiiaiy 10, 1931, gaie the iollomiig 
lesults 

Hemoglobin So gm iii 100 cc (SI ptr rent) 

Erj tlirocj tea 2,300,000 in 1 c uun or blood 

Color index 1 1 

Leucocytes 7,100 m 1 c nini ot blood 

Lymphocytes 27 jicr cent 

^lonoc) tcs 3 per cent 

Heutrophiles Ob 5 per cent 

EosmophUes 2 0 per cent 

^Myolocj tes 1 o per cent 

J^ormoblists 5 seen 

Eetieulnted crj throcytes 13 4 per cent 

Platelets 134,000 in 1 e mm of blood 

Comment on blood picture iloderate to marked microcytosis, cells spherical, endeuce or 
Tctiio regeneration 

Marked anemia was piesent The coloi index ot 1 1 was highei than that 
seen in simple secoudaiy anemia, and not so high as that nhich usually oecui's 
m eases of peinicious aueinia Not intieqiiently the coloi index in cases ot henio 
lytic icterus is 0 8 oi 0 9 Occasionally, in veiy sexeie cases, with extieiue 
anemia, it is gieatei than 10 If lepeatedly the coloi index is 0 S oi 0 9, liemo- 
lytic leteius may be suspected fioin this teatiue alone 

The numbei of leucocytes nas slightly above noimal, nheieas the percentage 
of polymoiphonucleai neutiophiles was noimal These featuies aie suggestive 
of active legeneiation of the bone man on, as is also the presence ot an occasional 
neutiophilic myeloejte 

The peiceutage of letienlated eijthiocytes was veij^ much above noimal 
This IS the most tiustxxoithj sign of active pioduction ot eijthiocytes The 

•From the Di\ision of iledicmt. The "Mayo Clinic 
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leticulated cells aie legauled as ^ouiig eivtluotjtes not -yet completely satuiated 
mtli hemoglobin The letieulation is due to a leaction between a vital stain 
(bnUiant cresyl blue) and the basophilic spongioplasm which lias not entiiely 
been replaced by hemoglobin 

The combination, theietoie, of a modoiatclj high color index with a noimal 
leucocyte count oi slight leucocy’tosis, a noimal oi inci eased peicentagc of poly- 
moiphonucleai cells, and a veiy high peieentage ot leticulated erythiocytes, is 
almost pathognomonic of hemolj'fic leteius, iihich is a disease of mei eased hemo- 
lysis accompanied by veiy active legeneiation of blood 

jMieioejdosis, lepoited aftei examination of the blood smears, is a most 
valuable chaiaeteiistic fiom the diagnostic standpoint A veiy high peieentage 
of micioeytes, 60 or 70 per cent, is almost always seen in cases of hemolytic 
icterus Tlie microeydes are usually spheiical, and appeal as deeply stained 
cells well filled ivith hemoglobin In addition to mieioej’tes, laige, oval macio- 
cytes aie also seen, their piesenee howevei, is not essential to the diagnosis 
The blood smeais in eases ot hemohdic leteius also show signs of verv active 
regeneration of erj’tluoejdes, especially polyehiomatophiba and occasional 
noimoblasts There is a shift to the left of poljTUOi-phonucleai leucocytes, that 
is, a decrease in tlie number of lobes of the nuclei , possibly’- 30 per cent or more 
of the polymoi-phonucleai s mav have only two lobes There may also be evi- 
dence of slight mimatiuity in the granular «eiies indicating liy’pei activity of 
the bone mairow 

SPLENIC ANEMIA 


An examination of blood, made Mai eh 19, 1930, gave the following lesults 


Hemoglobin 

Erythrocytes 

Color index 

Ltucocytes 

Lymphocytes 

Monoevtes 

Neutrophiles 

Platelets 

Beticulated erythrocj tes 


5 5 gm m 100 c c (33 per cent) 

2.225.000 in 1 c mm of blood 
OTj- 

2,300 m 1 c mm of blood 
46 5 per cent 
1 5 per cent 
52 per cent 

124.000 in 1 c mm of blood 
0 5 per cent 


Comment on blood picture Marked poikilocj tosis with hj pochroin isia, and apparent 
slight reduction m platelets 


A diagnosis of splenic anemia is made chiefly by exclusion of othei diseases 
associated with splenomegaly The fcatiues of the blood coimt are only slightly 
suggestive and by no means constant Those featuies nhich aie not inficquently 
of diagnostic value aie exemplified in the blood count which has been presented 
There is marked anemia, with a eoloi index ot 0 Tlieie is definite leucopema 
and sbght incicase in tlie peieentage of lymphocytes, associated nith slight de- 
ciease of the peieentage ot ncutiophilcs That those alteiations ui the leucoeyde 
and diftciential counts do not mean a hypoplastic condition ot the bone maiioyy 
IS eMdeui.ed by presence in the blood smoai of leticulated endhioeydes anrt oK 
sonce of fiatuics of luactne iigcmiation 

In blood smoais, on inoiphologiu examination, tlieie not inft 
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in pernicious diiemiu, iiioieoxei, eiA tluocj'tes leceal hi pocliioiiidsia The maiked 
poikiloej tosis may be legaided as evidence of to\ieiti, and possihlv of abnoimal 
destiuction of blood m splenic anemia Although poikilocj tosis is marked onlj 
in eases ot splenie anemia vitli severe anemia it is a moie prominent teatuie 
than in secondaiy anemia tioni henioiihage 

The diagnosis ot splenic anemia sometimes is made in eases in vhich the 
leucocite count is noimal oi theie is even slight leucocj tosis Potential splenie 
anemia may not be accompanied bj’ i eduction in hemoglobin and iiumbei ot 
eijTliiocjtes Hoi\e\ei the teatuies nliich haie been consideied aie suflicienth 
constant to assist in the diagnosis 


iirMoiiRii \Qic iimniiv 


All examination ot blood, made Maicli 24 , 192 S gaie the following lesults 


Hemoglobiu 
Fn throe} tc3 
Color Hides 
Leucoi.}tc3 
Li inphoec tea 
Tr iiisitioiuls 
J^eulrophiUs 
Eosiiiophiiea 
B ibophilcs 

Rcticulati.d tr\throi.}te3 
PI itolets 
Bleeding time 
Clot retr ictiou 

Comiiieiit on blood jiuture Definite 
I)ol}clironi itophili i, lud inaiii retu iii itcd ti 


27 per iciit (D irc) 

2,0b0,000 111 1 L mill ot blood 

0 7- 

t hOO 111 1 L mm of blood 
33 per cent 
2 per cent 
63 ptr eint 
2 per cent 

1 per cent 

0 3 pel cent 

SO, 000 in 1 c nini of blood 

30 iiiiiiutes 

Slight if ter si\ hours 

nideiiet ot ictiie regener itioii, scitli nuisocvtosis, 
Ils, plitcicts much reduced in number 


Maiked anemia ot tlic secoudaic t^pe vas piescnt The leucocj te count 
vas slightly belov noimal, vlncii might m itselt suggest icdueed actmts on the 
pait of the bone maiiov , hovevei, m conjunction •with a noimal peieentage ot 
neutioplules and a high count toi letieulatecl cells, it utnild not be so luteipietecl 
It should be emphasized theietoie, that a shghth lou leiicoctte count m the 
piesence ot othei ecidence of active legcncration on the pait ot tlie bone mairov 
cannot be legaided .is indicatne ot hcTioplastic maiiou The leucoevte count 
usuallj’' IS noimal or moie than noimal in cases ot heinoiihagie puipnia 

The platelet count uas lov\ , the bleeding tune was piolonged and the le- 
tiactilitv ot the clot was delaved These abnoimal teatuies ot coagulation are 
seen chieflj in hemoiihagie purpura acute aplastic anenua, and the heiuor- 
ihagic phase of leuceniia Lenccmia was excluded bv absence of nnmatiue cells 
It maj be said in this connection, that not mfiequentlj m luj expeiieuce nu- 
matuie cells and even stem cells have been mistakenlj’’ classified as 1110110034 es and 
iyiiiphocj tes and eaie must be exeiciscd not to oveilook inimatuiitv Aplastic 
anemia v\as excluded bj absence of evidence of hjpoplastic maiiow , that is, bj' 
the high peieentage of leticulated cells and noimal peieentage of polv moiplio- 
nueleai cells Consequently, aftei aualvsis ot such a blood eouiit one would 
stiouglj suspect a diagnosis of hemoiihagie (thiombocvtopenie) puipma in 
spite of the piesence of slight leueopeiua 
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BAammation of blood films m cases of liemonbairm purpura leseals the 
characteristics of active physiologic legeneration m contiaclistinction to aplastic 
anemia, m othei iiords, the picsence of an appieciable number of reticulated 
erythrocides, model ate oi niaiked polycbionidtophilid, and anisocytosis associ- 
ated with macioeytosis Jloreovei, platelets may not be seen in the films, and 
usually when platelets aie not tound the count is below 30,000 It platelets aie 
pieseiit they aie likeh to \ary gieath in size and to appeal defoimed in shape, 
veil large platelets aie sometimes present 


ICLTC APLASTIC ANEMIA 


An examination of blood, made Becembei 27, 1927 lesulted as folloiis 


Hemoglobin 

Er j throcvtes 

Color index 

Leueoeites 

Lj mphocytes 

Monocytes 

Neutrophiles 

Reticulated critbrocites 

Platelets 

Coagulation time 

(Lee and White method) 
Bleeding time 
Clot retraction 


30 pel cent 

1.540.000 in 1 c mm ot blood 
0 9 + 

2,800 in 1 c mm of blood 
60 5 per cent 
7 per tent 
26 5 per cent 
Kone 

52.000 in 1 t mm of blood 
10 minutes 

7 muiutes 

Absent in six hours 


Comment on blood picture Moiphologie eiidence of decreased legeneration with ab 
sence of reticulated cells , platelets reduced in number 

Tlus blood count in a case of acute aplastic anemia is presented chiefly be- 
cause of diagnostic contrast until the preceding count of hemorihagic purpura 
Shght splenomegaly is sometimes picsenl in cases of acute aplastic anemia In 
this blood count marked anemia uas piesent the color index uas moderately 
high Leucopenia uas found, and this uas associated uitli reduction in the per- 
centage of neuti ophiles and inciease in the percentage of lymphocytes Leueo- 
peiua, with reduction in percentage and in absolute number ot neuti ophiles, is 
an indication of reduced activity on the part ot the bone man on The absence 
of reticulated cells is also a featuie of hypoplastic man on The features of 
coagulation, that is the prolonged bleeding time and the delayed letractility of 
clot, together mth a Ion platelet count, aie the same as those nhich might be 
obtained in a case of lieiiionliagic puipuia lion ever, in this count, the definite 
iiidieatioiis ot leduced production ot en throcvtes, polymoiphonucleai leucocytes, 
and platelets indicate cleaih geneialized reduction of actiMty of bone manon 
ilorphologic study ot the blood films in this case also gave endence of 
aplastic manon The scarcity of leticulatod ciydhiocy tes, the absence of poly- 
cluonuvtoplulia, the Ion absolute ind Ion lelatiie nmiiber of polymiorplionucleai 
neutioplules and the piesence of old many lobed poh moiphoiiucleai cells aie 
all chaiactciistics of import nice in aninng at the conclusion that regeneration 
is m ictm In some ot the cases a decision nith respect to actintv of the bone 
manon mu be iei\ difficult to make and repeated examinations of tlie films 
mar be ncccssaiv before one c m acteimine definitely the degree ot legeneration 
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IXrnCTIOUS aionoxlcleosis ( vcute bemgx lajipilvdenosis, bexigx 
L\M pnoc\ro^is, clandulvr pevfr) 


An exaimnation ol blood, made Ottobei 20, 1927, levealcd the follo-nmg 


Hemoglobin 
ErjthrOL\tOb 
Lcucoeytes 
Lyuiphocv tes 
Jtouocj tea 
Ntutroplulea 
Eosiiioplulea 
B isoplulea 


Cl per Lent (Dare) 

3.840.000 in 1 e mm ot blood 

14.000 111 1 c nun of blood 
70 pci cent 

1 o per cent 
2o 5 per cent 
0 3 per cent 
0 3 per mit 


Comment on blood picture T^pnal of infcLtious mououuLleosis 


Climcallj this disease uiav simulate leucenua, and a mistake in diagnosis 
may lead to great chdgiin Slight cnlaigemont ot the spleen is the rule, maiked 
splenomegaly is not seen 

In this blood count it mil be noted that slight anemia nas pieseut, mth a 
Ion eoloi index Theie nas definite leucocYtosis and a peicentage of hmiplio- 
eytes of 70 In vien ot these findings, the diagnosis ot ehiome lymphatic leu- 
cemia nould immediately suggest itselt Howevei, the peicentage of lympho- 
cytes IS not as high as that nlncli is usually seen in lymiphatic leucenua, and the 
diagnosis nould haye to depend on the findings on moiiihologie examination of 
the films 

On moiphologic exanumitioii of blood films the pittuie yvas chaiacteiistic 
The IjTnphocj tes, as a rule yveie laigei than noimal, some ot them of leuco- 
eytoid appearance, many ot them contained vacuoles both m tlie nucleus and m 
the cvtoplasm, and the nuclei showed some tendency to lobulation The lyanpho- 
eytes slioy\ed no definite cyidenco ot immatiuity In films of this land vacuoles 
may be mistaken foi nucleoli, and caietul study of the luicleai structure of the 
lymphoevte is necessaiy , giadual tiansition betyveen paiachromatm and 
cluomatm is the essential featme in leeognition of a matin e lymphocyte It is 
tine that occasionally a slightly' immatiue lymphocyte may be seen in a case ot 
infectious mononucleosis, and sometimes judgment must be suspended The 
monocytes aie also nici eased in numbei, and usually dm mg the penod of le- 
coveiy, the peicentage of monocydes deci cases as that of polymoiphonucleais in- 
creases The letuin to a noimal blood pictuic is usually a mattei of weeks, but 
oeeasionally' abuoimalities aie piesent foi several montlis 


tiYyiPHATIC LEUCEJIIV yVITII NORAIAIi LEUCOCYTE COUXT 

An examination ot blood, Apiil 3, 1927, gave the folloyvmg results 

Hemoglobin 31 per cent 

Erythrocytes 3,200,000 m 1 c mm of blood 

Leucocytes 6,500 lu 1 c mm of blood 

Mature lymphocytes 57 3 per cent 

Immature lymphocytes 10 5 pci cent 

Monocytes 3 per cent 

Noutrophiles 39 pei cent 

Comment on blood picture Definite immaturity ot lymphocytes 
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The impoitant featiuc of tins exaimnatiou of blood obMously is the piesence 
of imiuatuiity of the Ij^niphoeytes Some of them iveie found to be lympho- 
blasts 01 stem cells The nucleai niateiial of immatuie Ijniipliocytes is lelatively 
shaiply difteieiitiated into eliiomatin and paiacliiomatin Tii spite of a iioimal 
leueocj’te count, iiliith is not uncommon in acute leucemia, a positive diagnosis 
can be made from the blood Slight to maiked splenomegaly may be present ui 
cases of lymphatic leucemia It is unneeessaiy to piesent a blood count of 
cluomc lymphatic leucemia -uith leueocj'tosis oi cliionic myelogenous leueemia 
■\vith leueocytosis The diagnosis in these conditions is leadilj made In the 
acute and subacute foims of leucemia, 30 pei cent oi moie of the cells may be 
myeloblasts, oi stem cells In chionie types a small piopoition of cells may be 
slightly immatuie, and an occasional stem cell maj"- be found, in peiiods of 
acute exacerbation of ehionic leueemia, extensive immatuiitv and hemoiihagie 
features may be pi esent 


ACUTE ilONOClTIC LEUCE3IIA WITH HESrORKITAGIC rELTLTlES; 

An examination of the blood, made October 21, 1931, revealed the follmving 


Hemoglobin 

4 7 gm (28 per cent) 

Hrythrocytes 

1,400,000 in 1 c mm of blood 

Leucocytes 

6,600 in 1 c mm of blood 

Lymphocytes 

14 0 per cent 

Monocytes 

11 0 per cent 

Immature monocytes 

36 0 per cent 

Heutrophiles 

24 0 per cent 

Hosmophiles 

5 0 per cent 

Basophiles 

3 0 per cent 

Promyelocytes 

2 0 per cent 

Lcucoblasts 

2 0 per cent 

Stem cells 

3 0 per cent 

Normoblasts 

13 seen 

Platelets 

70,000 in 1 c mm of blood 

Reticulated eiythrocytcs 

2 6 per cent 

Bleeding time 

24 minutes 

Clot retraction 

Absent in 5 hours 

Coigulation time of 

") minutes 


lenous blood 


Commcut ou blood pictuie Dcnuife monoej tosis, inth man} immature moaocjtes, m 
eluding oven stem cells VIso, inun ituritj lu tlic mjeloid Ime, with mtermediate forms present 
«hich might also bo triced to the stem cell Myeloid cells probably due to secondare 
stimulation ^ 


Monocjtie leuceima is a thud foim of leucemia vlucli has come under dis- 
cussion especially m the last few jeais The diagnosis depends almost entiiely 
on eaicfui study ot blood smcais This blood count not onlj' emphasizes the im- 
poitince ol study of the moiphologt ot tlie blood ni connection mth the dian- 
nosis of acute leuctmn, but also demonstiates a case in vhicli the IcueomUP 
count is nounal nul in vliich Inmoiili igic tcatuus are maiked Results of thn 
wuous coagulation tests aie identical vith those of acute aplastic anemii i +i 
himon ngic pb »so, and of tin ombocj topeuie puipura , siniilai cbaimes m r ” ° 
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mia, and following e\ce‘'Si\e loentgen tlierapA , diagnostic distinction fiom acute 
leuceinia, then, depends on the moipliologic chaiacteiistics of the cells 


AOKINULOCATIC ANG1X\ 


An e\dniincition ot blood, Apiil 

Hemoglobin 
Eri tlirotiteb 
Color imk\ 

Leueoc' tes 
Ia mphoLites 
ilouoeites 
Xeutrophiles 
Basoplnlet, 


2 1928, 1 evealcd the following 

■)5 per cent (D ire) 

J.CsOjOOO m 1 c mm of blood 

0 7+ 

1,100 in 1 c mm of blood 
‘•2 5 per cent 
2 0 per cint 
4 5 per cent 

1 0 per lent 


These lesults gne eiKlence of model ate anemia, it should be noted that the 
anemia is not extieine The outstanding tcatnie, lioweiei, is the lencopema as- 
sociated intli a leiy much i educed absolute lunnbei ot neutiophiles, and a de- 
cieased lelatne peiccntage of neutioiilnles The percentage ot hmpliocjtes is 
high, but the absolute nuinbei of hmphoc^tes is i educed and immatiue Ijnnpho- 
ejTes aie not piesent The absence ot seicie anemia is eMclence against the 
diagnosis ot acute aplastic aiieinia On caietul analras, theietoie, this blood 
count alone is len suggestive of agiamiloectosis 

In moiphologic studi of the films in cases ot agranuloci tosis and hypo 
gi anuloejdosis tew changes fioin the noimal moiphologic structiue ot the 
lyinphocj tes, moiioci tes and neutiophiles axe as a lule, to be noted Howeiei, 
the neutiophiles aic tie(pientl% “toxic” in appeal aiice, with hea\y granulation 
and distoited nuclei, neutiophiles aie not intiequenth absent 


Hodgkin’s diseise 


An examination of blood, made October 9, 1931 disclosed the followaug 


Hemoglobm 
Er> tliroLj tes 
Leueocj tes 
Ljuiplioeytes 
Alonocj tes 
Neutroiiliiles 
Eosinoplnles 
B^soplllles 

EeticuHted erj tlirocj tes 


10 o gm (63 per cent) 

4.760.000 ju 1 L mm of blood 

4.000 lu 1 c mm ot blood 
18 0 per cent 

7 0 per cent 
69 5 per cent 
j S per cent 
1 0 per cent 
0 8 per cent 


Comment on blood picture Definite monoeitosis, nitli n sliift to the light, tosie neutro 
philes mth a shift to the left, and moderate eosinopliiba (see last parignpli in seetioii headed 
“The right and left shift’’) These teitures usualh iiidicato Hodgkin’s disease 

Veiy laielj, Hodgkin s disease may be piesent without othei recogiuzable 
clinical manifestations than splenomegah Usually tlie diagnosis in such a case 
IS made only at opeiation oi at neeiopsy Howecei theie aie ceitain featiiies 
in the blood which when piesent make one at least suspicious of the existence of 
Hodgkin’s disease, these featuies aie monocytosis and eosmophilia 

]Moiphologically% m this case, eosmophilia was noted in the blood pictiue, 
togethei with monocytosis and a shift of the monocyHes to the light, tlie shift 
to°the light manifests itself by indentation ot nuclei The poly moiphouiielear 
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neutiopliiles sIiobccI mailed evidence of toxicity, m otliei wouls, the gianuJa- 
tioiis iieie toaise, the nuclei defouned, and m the micleai mateual there was 
pool diffeieutiation betneen chioinatin and paiachroniatin 


POLYCYTIIESIIA lEKA 


An exaiiiinatioii ot the blood, made July 10, 1931, levealed the following 


Hemoglobin 

Brytliiocytes 

Leucocytes 

Lj mpboeytes 

Monocytes 

Neutrophiles 

Eosinoplnles 

Bjsoplules 

Normobl ists 

Beticulated er j throcj tes 

Viseositj 

Blood lolume 


19 9 gm in 100 ec (119 pei cent) 
7,300,000 in 1 c iiini of blood 
10,800 in 1 e iiini of blood 
11 0 pel cent 
■I 0 pei cent 
83 0 pel cent 
1 0 pel cent 
1 0 per cent 
1 seen 
1 1 per cent 

14 8 tunes that of watei 

7,229 ce total volume (129 cc foi 

each kilogiam of body n eight) 


Comment on blood picture Maiked piling of era tin ocj tea and fragility of leucocytes 

The blood of polycythemia is considered, especially because the blood count 
may vary consideiably In fact, the erythroejde count may be noimal or even 
less than normal, especially if gastiointestinal hemorrhage has lecently occui- 
led In a case of splenomegaly ai>soeiated nitli a normal blood count or mod- 
el ate anemia, a mistaken diagnosis of splenic anemia mat be made In a ease of 
this type, the former history, the former blood counts, and estimations of viscosity 
of the blood and of blood volume may be necessary to arrive at a correct 
diagnosis 

111 the results presented, the value toi hemoglobin is high, and the erythro- 
cyte count IS high, with moderate leucocytosis , the number of polymorphonuclear 
cells IS increased, both relatively and absolutely These featuies would indi- 
cate eithei extremely active bone maiiow, oi very much decreased destinction 
of blood Normal viseositj’^, compared inth nater, is 4 5, and the increased vis- 
cosity of 14 8 would be suggestue of polycythemia Normal blood volume is ap- 
pioAiiiiately 90 c e foi each kilogram oi body weight and the increased blood 
volume ot 129 c c for each kilogram is probably the most important finding with 
respect to diagnosis 

The existence of relative oi secondaij poljmvtliemia must also be considered 
in a case wliieli piesents tins blood count UsuaUv a histoiy of asthma, chionie 
puliiioiiaii fibiosis, 01 some othei CMtlence of pulmonary obstiuction, oi of 
caidmc disease, mac be elicited in cases ot relative poh cjTliemia showing slmht 
iiiciease ui the eijthiocjte count, and slight iiiciease in blood xolume 

iloiphologicallj there is little abnormal in the blood smeais The eiythio- 
cjdis on account of then inci eased numbei iisimlh are abnoim.illy “piled up” 
but il smears aic made leij thin, this cliaiactciistic mac not be endent 


SPLLNOMLG VL\ OI- INF\.\C\ WD CHILDHOOD 

'rhcsi conditions mar conloim to well recognized SMidromes, such as those 
ot splenic am 1111 1, hciiiohtic icteins Uemoirhagic purpuia, and sjphilitic spleiio- 
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viegaly Theie is, howevei, a laige gioup of ca^es la isliicli a very peeuliai type 
of blood pictiiie may lesult fiom infections, deficient dietaiy regimen, nutritional 
disoiders, and metabolic diseases It must be lemembeied that the blood of in- 
fants reacts ditieiently fiom that of adults and lathei leadily leveits to the 
fetal type 

In the SMidiome loiown as a on JalvSth’s disease, theie is anemia with low 
coloi index, leucoevtosis usually with xelatiie and absolute lymphocytosis, small 
numbeis of nijelocytes and nietainyeloci tes in the peiipheial blood, and, m some 
cases, a laige niimbei of immatuie eijthiocytes None of these featuies, hon- 
evei IS constant, and the sjnidionie maj be a secondaiv manifestation In the 
anemia of infancy, inimatme cells aie xciv fiequently pieseiit in the blood 
smeais, and too much stiess cannot be laid on this finding, one must guaid 
against a too hasty diagnosis of leueeniia Piobably the most irapoitaut con- 
sideiation m studying blood smeais of infancy is to decide on the cMdence foi 
01 against actue icgeneiatiou on the pait of the bone marrow, and it must be 
constantly kejit in nund tliat many of tlie luoiphologic featuies may be explained 
by assuming a leicisiou to the fetal ttpe of pi eduction ot blood 

lIISCELLuVNEOUS DISEASES 

Peinicions anemia occasionally is aceoiiipanied be modeiate splenomegaly 
The spleen is palpable at some tune dui lug the com se of the disease in most of 
the cases The featuies of the blood count in peimeious anemia aie so gcneiallv 
famihai that it is uniieccssaij to comment on them 3 Ioiphologic characteiistics 
of the blood film aie maciocytosis, with a fan piopoition of oial maciocvtes and 
a shift to the light of poljmoiphonucleai leucootes, that is, a liighei piopoition 
than 1101 nial of mam lohed nuclei, connected by fine stiands It may be cm- 
phasuedthat poikilocc tosis, oidmaiih desciibed as a constant featuie, although 
fiequently piesent mav be almost eutuely absent 

Eosinophilic hj pel leucocytosisivith splenomegaly is a laie clinical syudiome 
In this condition the eosinophilic polyraoiphonuclcai leucocj tes maj be inez eased 
in numbev, both lelatuelv and absolutely, to au extieme degiee The leueocAde 
count IS not infi equeiitlv lugh, and it has been suspected that cases of this type 
maj in lealitj lepieseiit a peculiai foim of lencemia, howevei, it is nuieli raoie 
lilcely that the eosinophilia is an unusual leactioii to chionic leeuiiiug infection 

Lympliosaicoma, it has fiequently been thought may be suspected in the 
piesence of suggestive clinical findings when the diffeiential count discloses lela- 
tive and absolute ineiease of lymiihoeytes, with a iioimal leucocyte coimt oi 
slight leucocjdosis This susiiieion is sometimes coiiohoiated on pathologic ex- 
amination of the spleen aftei splenectomy, but 3ust as fiequently theie is no em- 
dence ot hmphoejdic hvpeiplasia in the spleen when the blood count has le- 
vealed the featui es mentioned 

Sickle cell anemia is a vei-j' interesting syudiome, and is essentially a foim 
of hemolytic anemia Sickle cells aie fiequently found in the blood of negioes 
without anemia The eiythioc%tes assume the siekle-shaped contoui m flesh 
wet prepaiatious In sickle cell anemia the spleen may he considerably en- 
larged and the clinical syudiome may be suggestne of hemohtie icteius Pia- 
gility of the erythioeytes, howevei, is not incieased The spleen not infiequently 
becomes atiophied latei in the disease Moiphologicalh , aside fiom the sickle- 
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sliaped eiythiocjtes, IcucocUosis is usually piesent, and a £e^Y immatuic leuco- 
cytes may be found 

Abscess of the spleen lias, m some instances, been accompanied by an e\- 
tieme degiee of polymoipbonucleai leueocytosis Iieucocytes may numbei as 
high as 50,000 in each cubic millimetei of blood 

Jlaible bone disease, an aftection in winch tlieie is increased density of the 
bones, with encioachnvent on the maiiow cavitj', usually leveals a blood count 
that is slightly suggestue ot myelogenous leucemia In the latei phases of the 
disease the lencemic tcpe of blood picluie may become moie itiaiked 

Subacute bacteiial endoeaiditis oeeasionalh causes the appeaiance of laigc 
leticulai cells m the blood smeais made liom the eai 


Normal 


Rig-ht 


Left 




©' 

& 

(D 

(t 


10 

as 

47 

16 

a 


9 

as 

34 

24 

10 

5 

30 

37 

ao 

8 



Pig 1 — Lobatlon o£ nucleus o£ the neutrophile with percentage of cells found in the nor- 
mal in a left shift and in a right shift Taken from Watkins C H and Heck P J The 
Practical Value of Examination of Blood Smears tlinnesota Med Id 860-864 1930 (Their 
normal xaiues xsere taken from Cooke W E Further Ohserx ations on the Macrophoiycyte 
Brit M J 1 800 804 1929 ) 


CHE RIGHT VND LEFT SHIFT 


In View of the consideration ot thy light and left shift of the neutiophile in 
the laiious diseases, Fig 1 is piesented It iviU be seen that in normal counts 
appiovimately half the cells have nuclei of three lobes, wbeieas with a shift 
eitliei to the light or to the left, one thud oi less ot the cells ivill haie nuclei of 
thiee lobes IVitli a shift to the light, a high peicentage of polymoipbonucleai 
cells -will have bie lobes oi moie Occasionally a ceU is seen containing eight or 
nine lobes lYitli a shift to the left, two thirds of the cells may haie eithei 
cieseentic nuclei oi two lobes IMaii} lobed nuclei are most ticquently seen m 
the blood ot patients with peimcioiis anemia and sometimes this teatuie maj be 
obsened eien when the blood count is nomal, in peinicious anemia with nuclei 
ot many lobes, the lobes fieciueiitly aic naiiow and smooth in contoui, and the 
Intel lobai strands aie elongated In scieie infections, the shift to the 'left maj 
be cMieuie, luetann eloci tes inaj be numeious and even myelocjtes mav be 
piesent 


A definite shift is also fiequcntlj noted m the maturity ot the monoeite 
Norm illi about b di the monocs tes piesent indented nuclei IVith a shiit to the 
ughl a m ijonti ox the cells will ha\e mdeiited nuclei \V,tli a shift to tlie loft 
1 luijoutx 01 the nuclei arc cueiilai ov oial ni anneai in< o * 

luaxs,‘ toMc’ grniulations ■'PPeaiance, and may eont an 




1060 


TUn JOURNAIi or Ii.U30RATORV AND CLINIC VL IIEDICINE 


SUMMARY 

A senes of blood counts, difteiential counts, and results of the moiphologic 
evanunation of blood pictuies has been piesented in diseases ■with slight, mod- 
eiate, oi inaiked splenomegaly ivith the puiposo of demonstiating the laiious 
featuies of the blood which frequently aie of value in diagnosis G'aieful 
analjsis of the chaiactciisties oi the anemia, the Icatuies of the difteiential 
count, the picscnce of iminatme cells, the percentage of reticulated erythioc;>i;es, 
and other eiidenees of actne and inactne legeneiation of blood, and the cliai- 
acteiistics of the cells on study of the blood film, not infiequently lead to im- 
poitant mfeiences with lespect not only to the diagnosis but also to the piog- 
nosis, and to moie accuiate estimation of the probable lesults of \aiious methods 
ot tieatment My plea is foi more caieful analjsis of a leiy common laboiatorj* 
examination, the lesults ot which loo ficquently aie consideied in a supeificial 
mannei The physician can easily become accustomed to examination of blood 
smeals peisonally, Mith immediate pioht to himself and ultimate benefit to the 
patient Many blood pictuies aie quicklj lecognizcd otheis, howeiei, leqinre 
lepeated examinations ot the iilood film before one can be xeasonably satisfied 


THE BLOOD PICTCEE IX IIVPERTHrROIDISM .UXD IX 
HYPOTHYROIDISM® 


E P McCut LAGH, M D , iND J H DunluVp, SLD , Cle\t:l-vnd, Ohio 

'^HE leport piesented heie is based on a stiidj ot 1200 loutine blood counts 

made in consecutive cases of hypeithivioidism Differential counts vveie 
made in 250 of these eases 

The rcpoit includes loutine counts made in 17 cases in which death followed 
uncomplicated hvpeithyioidism and in 51 cases in which postoperative hypo 
thyioidism oceuiied 

In addition a luimbei of smallei gioups aie repoited in vvliidi blood counts 
vveie made by one of us (J H D ) ui a more caieful and moie detailed maniiei 
These groups include (1) twenty unselected^ cases of hvpeithyioidism, (2) 
twelve cases in which counts were made befoie and aftei thj roidectomv, (3) 
twenty cases of postopeiative hjqiothyioidism, and (4) ten cases of hjpei- 
thvioidisni and ten cases of hj'pothvioidism in which filament, nonfilanieiit 
counts weie made 

REVIEW or THE LITERATURE 

The literature icgarduig the blood findings in thyroid disorders shows a marked lari 
ability in tlic results and in tlie conclusions drawn from them For manj years iniestigators 
have sought to establish a definite and constant picture wlierebj they could be aided in the 
diagnosis and prognosis in cases of hj perthyroidism and hypothyroidism In 1SS5, Horslej" 
stated that “marked anemia followed the loss of the thyroid gland ” Smee tliat time findings 
have been reported that run the gamut from marked anemia to no anemia, from Ijmphocytosn., 
to no lymphocytosis, and irom iLUcopenia to leucocjtosis The conclusions drawn from these 
varied findings have shown a smiilar variation, eonsequeutlv it is difficult for one to reac i 


From the Cleveland Clinic 
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any definite conclusions from the httiature, and it Mas tins fact wlucli prompted us to 
make the investigation here reported 

Some Milters have reported normal blood findings m hypothyroidism’ * ° mIuIo others 
report a mild anemia” » » » >' i' =3 and still others report red celt counts varying from 
3,000,000 to 4,500,000“ ‘ « » i- « and loner” ” Falta" and others” “ mention liemoglobin 
estunations below 60 per cent m cases of bypotUyioidism and Honard” reports cases with a 
hemoglobin of 75 per cent 

Certain writers hai e mentioned that in hypoth3rroidism leuooej tosis is present ’ “ 
Normal white cell counts’” ” and leueopenia’ i* ” ” are also reported Schermann"* reports 
that m rabbits a marked reduction in. the number of white blood cells follows thyroidectomy 
Kocher” found the eosinophile count to be normal in hypothjToidism, but a few believe 
it to be increased ’ ” 

Emery” ” states that m myiedoma the blood picture is not constant and mentions re 
dneed hemoglobm, a normal white cell count, a decrease in the polymorphonuclear count and 
perhaps relative or absolute lymphocytosis as frequent findings 

Plummer” reported the blood counts in a much larger group of cases of hyperthyroidism 
than had been reported before and showed that there was a tendency to lymphocytosis, that a 
relatively low polymorphonuclear count was a large factor m the production of this change 
and that the degree of lymphocytosis was a poor mdes. as to the degree or duration of the 
disease 

The statements regarding the blood findings in hyperthyroidism are also quite 
varied Many writers believe that there is a characteristic blood picture in Basedow’s 
disease” » m « .iyjiK.ii 13 considered of definite diagnostic importance Some have declared 
that the lymphocytosis in hyperthyroidism parallels the severity of the disease** Both” 
believes that the reduced hemoglobin, leucopema, and lymphocytosis in hyperthyroidism is 
of prognostic as well as diagnostic value Others disagree with these news and state that 
there is no characteristic blood picture m hyperthyroidism” s » « and that the lympho- 
cyte count IS not in proportion to the seventj of the disease “ 


RESULTS, OP BLOOD COUNTS 


The average counts for the whole group of 1200 routine blood counts made 
m 1200 consecutive cases of hypeithyroidism were as follows 


Hemoglobin. 82 5 per cent 

Erythrocytes 4,555,154 

Leucocytes 7,034 


For the 250 eases in which differential counts were done the results weie 
as follows 


Leucocytes 7,954 7 

Polymorphonuclcars (relative) 62 21 

Polymorplionuelears (absolute) 4,948 7 

Bosinophiks (relative) 0 49 

Eosmophiles (absolute) 39 4, 

Basophiles (relative) 0 09 

Basophiles (absolute) 7 5 

Lymphocytes (relative) 30 3 

Lvmphocytes (absolute) 2 412 3 

Jlonocytes (relative) 57 

Monocytes (absolute) 460 3 

TransitvonaU (relative) 0 90 

Transitionals (absolute) yy 5 


From the above lesults it is seen that the rod and white cell eminto 

"dl"" V"'" “1 f “'f '■o't of large ana Lall 

cells ihert )S a lelatne decrease and a slight absolute decreuse in tho ^ ^ 

01 pohmorphonuclcar neutrophiles and to a less deoree m fh 
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In 01 del to study tlie i elationship between the poh nioiplionueleai and 
lymphocjde counts two sniallei gioups weie aiiauged The 50 counts in winch 
the numbei of leucocytes was gieatest weie giouped togethei The average 
count was as follows 


Ltucoijtcs 

11,974 

Polv inorplioiiueleara (relitiv t, ) 

68 7 

PolymorplionuUeara (absolute) 

8,232 4 

Lj mphocy tes (relativot 

26 0 

Lymphocytes (absolute) 

3,113 S 

Monocytes (relative) 

4 5 

Monocytes (absolute) 

530 8 


If 5000 IS cousideied an appiovimate aveiage ueutiophile count it will be 
seen that the pDljuiioiphonucleais have inci eased in immbei bj moie than 3000 
cells On the othei hand, the Ivmpbocjte count the iioimal aveiage of which is 
in the neighboihood of 1500, has been inci eased bv only sbghtly ovei 1600 cells 
In this gioup, then, the absolute Ijmphocyte count is actually gieatei than the 
av^eiage foi the total series The ineiease m the numbei of polymoi phonuclears, 
howevei, is so gieat that the relative Iv mphoc 3 'tos,)s becomes less than the 
aveiage Ijunphocv tosis foi the whole gioup 

Compaie the above figuies with those ot the aveiages foi a gioup composed 
of the 50 lowest white cell counts 


Leucoev tes -1,985 

PoljTiiorpIionuclears (relative) 57 8 

PohmorphonuUeara (absoluU) 2,8013 

Ljauphoej'tes (relative) 36 4 

Ljaiiplioej tes (absolute) 1,817 5 

Monocj tes (relative) -1 7 

Monoev tes (absolute) 234 8 


111 this gioup the facts pointed out above aie emphasized The numbei of 
poljunoiphonucleais has fallen to moie than 2000 below the noimal aveiage, 
while the absolute numbei of lyraphocj’tes is still maintained at a figuie def- 
initely above the noimal Obvuously then in hypeithyroidism the blood coimts 
in cases in which leucopenia is piesent wnll demoustiate a gieatei lymphocj’tosis 
than in cases in which no leucopenia is piesent This fact is accounted for by 
the relatively gieatei fluctuation of the poljTnoiphonucleai cells 

Smee Ij mphocy tosis has been showni to be moie common when hyper- 
thyioidism is piesent than in the nornml individual, it must have some diag- 
nostic value The fiequencv with which Ij mphocj tosis may be piesent in hyper- 
tliyioidism is indicated m Table I lepresenting a total of 266 eases 

Table I 


KEIiATU'E IaYMPHOC\TE 

COUNT 

NUMBER OP CASES 

RELATIVE MJlIBEE OP CAS 

PER CENT 


PER CENT 

0 15 

12 

4.0 

15 19 

13 

48 

20 24 

33 

12 4 

25 29 

48 

IS 0 

30 39 

84 

31 0 

40 and above 

76 

2S 0 
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In 78 pel cent of 266 cases the relative lymphocyte count was 25 per cent oi 
above In 60 pei cent of the eases it was 30 pei cent oi above 

Let us now examine a tew gioups of eases m which the aveiage height of the 
basal metabolic late vanes gieatly in oidei to determine whether oi not the de- 
giee of lymphocytosis is diiectly i elated to the seventy of the disease 

The fiist gioup compnses 36 cases of mild hypeithvioidism The basal 
metabohc rate in these cases vaiied between plus 18 pei cent and plus 30 per 
cent This gioup does not include those eases in which the metabolism was be- 
low plus 18 pei cent, because it was felt that below this level theie was a gieatei 
possibility of eiioi in the diagnosis It was thought that a metabolic late ot not 
nioie than 30 per cent would be the best index in selecting mild cases The duia- 
tion of the disease was not consideied The clinical diagnosis was that of hyper- 
thyioidism in each instance The blood was not taken dm mg fasting but was 
taken in all cases -within twenty-foui houis of the basal metabolism estimation 


Lcucoc^tes S574 

Polymorplionuclears (relative) 68 1 

Polymorplionuclears (absolute) 5836 

Lymphoeytes (relative) 26 3 

Lymphocytes (absolute) 2257 

Monocytes (relative) 4 6 

Monocytes (absolute) 398 

Transitionals (relative) 0 9 

Transitionals (absolute) 88 


Here we see a total white count which is somewhat above the average The ab- 
solute numbei of lymphocjtes is raised moie as compared with the poly- 
moiphonucleais Theie is, howevei, no lymphocytosis 

The next group is composed of 36 cases of moderate and seveie hyper- 
thyroidism The basal metabolic rate in these cases was plus 40 pei cent and 
above No cases with any outstanding infection oi complication were included 
The blood counts weie not made on fastmg blood and the blood was taken on 
the day pieceding the basal metabolism estimation 


Leucocytes 7207 

Polymorphonuelears (relatue) 62 1 

Polymorplionuclears (absolute) 4478 6 

Lymphocytes (relative) 31 5 

Lymphocytes (absolute) 2271 

Monocytes (relative) 5 3 

Monocjtes (absolute) 386 

Transitionals (relative) 0 9 

Transitionals (absolute) 71 


On eompaimg the findings m these seceie cases with those m the pievious 
gioup, we see that the absolute lymphocvte count is xeiy neaily the same as 
that found in the mild cases In this group, howetei, there is a much lowei 
poljmioiphouueleai count, so that theie is a lowei total leucocyte count and a 
mild lelative lymphocytosis 

The thud gioup IS composed of 17 cases m which death lesulted from hvnei- 
thyroidisni betoie opeiatne mteifeicnce was attempted This gioup includes 
no cases in which a complication was a coutiibutnig taetoi excent in tho « 
ol those changes which appeal iminediateh piecedni" death The hi i 
£,™ „„„ to dnji beto,« dwth 
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Ltucooi tes 

UM 

Poh uiorpbonucle irs ( relatn e) 

710 

Poll morpbomu lens ( ibsoluti,) 

CSbl S 

Limpboi-j tes {reHtnc) 

10 4 

Li iiipliotj tes ( ibsolute) 

1S28 3 

Monocitcs (rUatne) 

6 8 

iitonoiitcs (absolute) 

049 2 

Tr iiisition ils (rcl iti\t) 

04 

TnusitioH lb) ( ibsolute) 

414 


Ileie agiuu the low lelative lyniphoc\tc \dluc is uot so much due to am 
gieat change m tlie absolute niuubei ot lymphocjtes is to the maihed mciease m 
the iiumbei of polyinoiphonuelcais 

The fouith gioup compiises cases ot postopeiatue lu pothj loidism Fitts- 
one cases aie included iii winch the basal metabolic late \aiied between minus 
15 pel cent and minus 00 pei cent the aseiago late being minus 23 2 pei cent 
The blood counts in these eases weie made on tasting blood on the iiioining ot 
the metabolism test 


Leui 01 1 ti s 

S333 

Pohinorplioiiuekars (rtlatne) 

62 0 

Poh morplionui fears (absolute) 

516S G 

LMiipImotc-i (ilIUiic) 

20 <) 

Lj iiiplioi} tis (ibsolute) 

2401 1 

^lol^Ol^tl.b (rilitnc) 

09 

Alonootis (ibsoluti) 

573 4 

Tr uisitionals (rilitno) 

02 

Ti ansitiou ils (absoluti ) 

216 


The same comment ma-s be made heie as in the ease ot the pieiious gioups 
It appeals to be obiious, then, that the lelatne hmphoti tosis heais a leii close 
lelationsliip to the total wlute count and especiallv to the absolute numbei of 
polymorplionueleai s piesent It beais little oi no lelationship to tlie seieiity ot 
the disease 

Let us now examine a giouji ot twentj ciglit cases, which was aiianged m 
an attempt to deteimine whethei oi not the lelative Irmphocite count boie 
anj definite lelatiouship to the degiees ot Inpeithsioidisin iii uiduidual cases 
Cases weie selected in which attei one night s bed lest in the hospital the 
basal metabolic late wms in excess ot pins 40 pei cent 

In these eases a blood count was made on tasting blood immediatelj follow- 
ing the metabolism test Fne dajs attei tlmoidectomj , it the wound had healed 
pel pi imam, the basal metabolism test and blood count weie lepeated as betoie 
The lesiilts aie sunimaii/ed m Table II which lepieseuts the aieiage heights ot 
metabolism and aieiage blood eoiints on admission and fi\e dais postopeiatiieh 
The lelative niimbei ot lymphocytes showed an aieiage deciease post- 
opeiatneh hut theie was a leiv slight deciease in the absolute niunbei Theie 
W'as a dehnite use in the absolute and lelatne niunbei ot neutioplules 


T \U1.E II ______ 

PKEOPER CTK ELY POSTOPES CTO ELY 


Basal iletaboliam 
Erj fhroci tes 
Leucocytes 

PolvuiorpUonuekirs (relatuc) 
PolTuioriihonuoIcars (absolutt ) 
LjnuphocjtLa (relatue) 
Liuipbootos (ibsolute) 


o6 4: 

4,540,000 
G,730 
b3 3 
4,233 
33 4 
2,247 


10 9 

4,408,000 
r,4G0 
70 2 
o,13b 
20 0 
2,039 
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The lelatne numbei ol Ijmphocytes Mas deei eased postoperatn ely m 22, 
78 5 pel cent, of the 28 eases Thus the i elative uumbei of lymphocj tes maj 
sei\e as some guide to impioiement in single cases 

Since the foiegoing data h.a^e all been based on blood counts made in a 
loutme mannei, it M'as felt that it ivould be inteiesting to check these results 
against a much smallei senes made in a nioie painstaking May by the same 
individual each time 

The folloMung data are based on such coimts made bi one of us ( J H D ) 
The fiist group is composed ot 20 unselected cases o± hyperthjToidism. The 
counts weie all made at about the same time of day and inth the same lustiu- 
ments each time An analjsis ot the findings m this group ga\e the tolloMrng 
ai erages 

The aveiage basal metabolism Mas plus 42 7 pei cent 


Leucocytes 0,710 

Ljmplioertes (relatuc) 3So 

Lymphocytes (absolute) ^,3-13 

Poly morpliouuelcars (relative) 512 

Poly morphouuclears (absolute) 3,435 

Ery throcy tes 4,497,000 

Hemoglobin 77 3 

(Haden Hausser instrument) 

Volume index 0 94 

Color index 0 SO 

Saturation index 0 9 


In 55 per cent of the cases the hemoglobin was below 80 pei cent 
In seven eases the volume mdex was below 0 9 , m thi ee cases it was aboa e 1 
In 13 eases, 65 pei cent, the color mdex avas below 0 9 , m two cases it was 
below 0 8 , and in tMo eases it iras above 1 

In seven cases, 35 pei cent, the saturation mdex was beloiv 0 9 
A consideration of the imtial diffeiential counts in this gioup shows that 
m IS Ol 90 per cent a i elative hmiphocytosis of 30 pei cent oi above was pies- 
ent, and that in 45 pei cent a i elative lymphocytosis of above 40 pei cent was 
present Of the latter gioup, m seven there Mas an absolute mciease m the 
numbei of Ivmphocytes as compared with the normal count and as compared 
with the average absolute count of the senes (2343) Of these seven cases ui 
which a relative lymphocytosis of 40 per cent oi above was present m each there 
was an absolute decrease in the number of poljmoiphonueleai cells 

In 80 per cent of this senes the relative polyunoiphonueleai count was be- 
low 60 per cent The aieiage absolute polyunoiphonucleai count was 3435 5 
Mhieh IS 1334 less than the accepted average normal count 

The monocjde, eosinophile, and basophde counts were essentiaUy normal 
(Table III) 

In twelve cases of hyperthyroidism blood counts were made on the admis 
Sion of the patient to the hospital, and repeated from four days to one and one- 
half months postopeiatively In all cases the basal metabolism had become 
greatly reduced between the time of the fiist and the last blood counts In six 
cases there ivas an increase and in six there was a decrease m the absolute num- 
ber of lymphocytes The relative lymphocytosis was reduced m every ease, how- 
ever, obviously because of a comparable use m the polymorphonuclear count 
(Table IV) 
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Tible IV 


HEEATIVE and ABSOEOTE IiYAIPHOCT'TO&IS in TaIEEVE CiSES of HYPEK.TII'iROIDISJI 


NO 

BASAL 
ilET VBOLIC 

KATE 

PEEOPEKATIVE 

RELATIVE 

liYiTPHOCYTE 

COUNT? 

POSTOPEttATI^ E 

RELATUE 

liYMPUOCVTE 

COU'NT 

FREOPEIL^TIVE 

ABSOLUTE 

LYilPHOCi-XE 

COUNT 


POSTOPERATIVE 

4UJSOLUTE 

LYilPHOC^YTE 

COUNT 

1 

+34 

47% 

34% 

3337 

3434 

DIVS 

POSTOFhHATlVE 

(16 d) 

2 

+•49 

44% 

40% 

1694 

1880 

(14 mo ) 

3 

+53 

30% 

21% 

1740 

2845 

(7d) 

4 

+04 

35% 

28 5% 

1715 

3947 

(4d) 

5 

+45 

58 5% 

32% 

2749 

3200 

(4d) 

6 

+44 

55% 

42% 

2640 

3397 

(27 d) 

7 

+ 9 

48% 

24%, 

3528 

1599 

(5 d ) 

8 

+3G 

45 5 % 

21%. 

2993 

1921 

(8d) 

9 

+ 9 

46 5 % 

27 5 % 

3487 

2415 

(8d) 

10 

+46 

34% 

16 5 % 

2159 

2079 

(14 0) 

11 

+39 

35% 

23%, 

1872 

1495 

(3d) 

12 

+65 

33% 

245%. 

2656 

2621 

(4d) 


In twenty eases of postopeiative lij^jothyroidism blood coinits were made in 
the same caiefnl manner The aveiage basal metabolism m 19 cases of this 
senes was mmus 231 pei cent (see Table Y) The aveiage counts w'ere as 
follows 


Leucocytes 

Lymphocytes (relative) 

Lymphocytes (absolute) 

Polymorphonuclears (lelatne) 

Polymorphonuclears (absolute) 

Erythrocytes 

Volume index 

Color index 

Saturation index 

Eosinophiles, monocytes and basophiles 
Hemogiobm 


6905 
36 5 
2453 5 
50 2 
3929 3 
4,611,700 

0 95 
0 87 
0 88 

Normal in all cases 
80 0 


In this group m onlv three cases was the erj-throcyte count below 4 000,000 
Tlie hemogiobm average for the senes would have been somewhat low^ei had it 
not been for one ease in w^hieh there was a sbght polycjdhemia of 5,600,000 wnth 
a hemogiobm of 104 per cent In 50 per cent of the counts in cases of hvpo- 
th\ roidism the hemogiobm ivas below 80 per cent 

In this gioup the aveiage coloi index, volume index, and saturation mdex 
weie all slightly below normal as was noted also in the group of cases of hyper- 

aWel‘'(TabkvT^ 

In twelve cases the coloi index was belois 0 9 

A filament, nonfilament count w as made in ten cases of h^Tiothv roidisra and 
the aveiage nurnbei of nonfilamentod cells was found to he IDS In each of 
liesc casts the total leucocvte count was noimal In ten cases of Inperthyioidism 
he aveiage pi eopeiative nonfilament count was 12 3 In these same cases the 
ige postoperatne iionfilamcut count "Wtis 12 1 
lu one lustaiiec the total white cel] count \»as raised to 

md th, no„r,la,.,i.M ,ou„t „o, >5, i„ the other "srs tl,„ >!f'! «l>' 

111 ->nh.„ u„„t, "‘"'1 "ere 
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tlie fiiicliugs aie appioximatBlj tlie sumo except that lu the foiiuei senes ot 
cases the total leueocvle count is slightly lovvei, the i dative lymphocjte count 
IS a trifle highei, and the lelatne polMuoiphonncleai count is slightly lovei 


CONCLUSIONS 


1 In hyperthjioidism, the icd blood cell count is noiinal but tlieie is a 
slight 1 eduction of hemoglobin 

2 Theie is a i dative Ij mphocytosis of 30 pei cent oi above m 60 pei cent of 
the laige series of cases of hj-pei-thsioidism and m 00 pei cent in the smaller 
senes The piesence of a hmphoevdosis is therefoie of some diagnostic value 

? The relative hmiphocvdosis is dependent on two factors in the blood 
(a) the absolute hTnphocjde use, (bl the total lencocvtc count 

The total leucocjde count has been foiuid to be vai lable, the variation being 
due, chiefly, to the variation in tlie neutropbiles There is a gieatm Iv^mpho- 
cjdosis, therefore, in the piesence of leucopenia 

4 In 28 cases examined while the metabolic late was high, and again attei 
opeidtion, the average Ivmphoejte count was found to be loweied bv opeiation 
In the majoiitj of cases theie was a fall in the i dative numbei of Ijunphocytes 
present In the seiies of 20 cases counted apart from the routine counts 50 per 
cent of the cases showed an absolute increase of Iv-mphoeytes postopeiativelj 
(counted from four davs to one and one half months postopeiativelv), 
and 50 per cent showed an absolute decrease All showed a relative deciease 

5 The degree of Ivmphocjtosis on one estimation is not an index of the 
severity of the hj^ierthyroidism 

6 The hemoglobin m hj pothvi oidism is i educed slightly as m hjqieithy- 
loidism The degree of relative lymphocytosis m hypotlivnoidism is about as 
high as that in hypeithyroidism 

7 The average nonhlament count in ten eases of hj pothyroidism is hidier 
than that m ten eases of hniedhvioidism 

We ^Mah to C^pres3 our thanks to Dr E L Haden for helpful suggestions m the prepara 
tion of this paper 
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This test was clone on 73 cases Fioiu the standpoint ot cliuation ot 
bleeding time, the cases ean be classihed into thiee gionps The hist (bleeding 
time bctAAcen hem and thnty seconds), consisted ot 39 cases oi 35 pci cent ot 
the total in this senes The second (bleeding time between thntj-one and 
hftv-nine seconds), consisted ot 10 cases, oi 7 pei cent The thud gioup 


Tvule I 

CLXSSUICVTION oi t'eSES Stidiid 


Carciiioiii 1 ot 11011131.11 

1 > 

C IbLb 

C ircmoiii i of colon 

lo 

LOsCS 

Circinomi ot pauinas 

b 

cases 

Carciuoijia of gill bladder 

4 

eases 

Circiiiomi of tongue 

1 

cases 

Epitbehomi of lip 

1 

COSL 

Carcinoiii'i of lung 

15 

cases 

Circinoni i of breast 

b 

cases 

Carcinoma ot uterus 

> 

(. ises 

Caretiioiii'i ot onn 

1 

cases 

Carcinoun ot pros! itc 

1 

case 

Carcinoma of bl idder 

1 

cast 

Adtiioi. ireiiiom i of uretliri 

1 

cast 

Hj-pcrneplirom i of left kidney 

1 

List 

Vdtnoe ircinoma of right kidiiei 

1 

c 1 st 

LAuipliosarconi i 

7 

tnsts 

Sareom i (including retropentom.il) 

3 

c ists 

Carcinoun of tonsil 

1 

cast- 

Cireinoiin ot tlijroid 

1 

cast 

Met istatu eareinomi of bouts 

3 

cases 


(bleeding time one minute oi oiei), numbeied 24 cases oi 33 pei cent In 
the lattei gioup, was a case ot eeivical hmphosaicoim in iihich the bleeding 
time was foiu minutes (Case 63) Thus, the obseiiatioiis ot Bock and 
Rausche* who could hncl no special altei.itions in the bleeding time in then 
senes ot 13 eases of caienioma weie not conhinied It is signihcant, also that 
twm-thiids of malignant cases piesentecl ,i bleeding time ot less than one 
minute, and th.it a piolonged bleeding time such as cited bw Eawitseh and 
Waisehaw'skaja - was not obsened 

The etiologie factois lesponsible toi the lack ot bleeding tcndeneA^ in 
malignant conditions iic as follow's iiicie.iscd oi noimal numbei ot platelets 
leucocytosis, and good clot letiaction (dctei mined be capillaiy method) all 
of AC'hich Avcie lecealed in this studj In none ot the cases A\as theie piesent 
a deficient clot letiaction This obsen'ation is confaimed by the e\pcimiental 
w'Oik of Van Allen “ w'ho in a study ot the iclationship between clot letiaction 
time and tuniois in labbits touncl an incicascd clot letiaction late <is the 
tumois giCAV and a noimal late as the tumois leceded 

Toiuniqiiet Test — The touiniquet test in maligaiancA is almost alwa 3 S 
negatice in the 100 eases studied The test was peifoimed as tollows Pies- 
suie langing betAveen 100 and 120 mm ot meicuij was applied about the aim 
as in taking a blood piessiue leading Aftei thiee minutes the euft was ic- 
moA'ed A leaction Avas consideied positiAC Avlien theie Avcie piesent petcchnl 
spots about the bend of the elboAv anteiioily oi posteuoih In but one case 
ot this senes, a patient with caicinoma of the pi estate with metastasis to the 
lectosigmoid (Case 66), was theie a one-plus” leaction (1-5 peteehiae) The 
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bleeding tune in this case ivas ioity-five seconds, coagulation time seven 
minutes and twenty seconds the platelet count 250,000 pei e mm In all the 
othei eases toiunifpiet test was negative 

It IS of Intel est to point out in this eoniieetion, that in one instance, a 
patient with eaieinoma of the lung (Case 98) piesented piiipuiic spots ovei 
his chest and abdomen On neeiopsv, ividespicad metastasis into many oigaiis 
iiicludiug the bone maiioiv, weie demonstiated The platelet count was 
250 000 pel e mm This lesion mav have been a pieagonal event as indicated 
byHayciid oi pait of the pictuie of eaidiae decompensation which the patient 
piesented, giving use to iiici eased capillaiy peimeability The touinicpiet 
test was negative R.uvitsch and 'Waischawskaja- lepoit a maikodly positive 
Rumpel Leedc phenomenon togethci with a tluombocytopema (platelets 30,000 
pel e mm and incieased bleeding time of seventeen minutes) ui one case 
Platelets — Thiomboci tes weie estimated in SO cases by the sodium citiate 
method of Ottenbeig and Rosenthal In but two instances, the platelet count 
was less than 150,000 pei c mm Thiee cases showed counts above 500,000 
pei c mm The leniamdei of the senes (95 pei cent of the cases) showed 
counts vaiying fiom 150 000 to 400,000 pci e mm These obseivations indicate 
that thiombocytopema is uncommon in malignancy In one case of caicinoma 
of the stomach (Case 29) a count of 140,000 platelets pei c mm weic found, 
this patient also piesented a leucopcnia (5800) and a hemoglolnn of 32 pei 
cent In anothei instance (Case 37), a patient with saiconia of the light 
aim, showed a platelet count of 336 000 pci c mm on admission One mouth 
latei the thiombocytes diopped to 60,000 pei c mm This phenomenon may 
have been due to \-ray tieatmeiit gncii one month pieiious to admission oi 
to the piogiessiveness of the neoplasia with a consequent ctfect on the 
megakaiyocytes ot the bone maiiow A seaich of the litciatuie leceals but 
laie instances in which thrombocytopenia was an accompaniment of malig- 
nancy Johann Cohen- icpoits a case oi metastatic caicinoma of the bone 
mauow with peisistcnt thiomhocytopeiiia Similai cases have been desciibed 
by otbei authois® " » » i» i- u n These cases, howevei, aie exceedingly 
Idle Naegch'- states that the plateUt count in caicinoma is always high 
Rud’" has made similai obseivations Hayeod found that the platelets di- 
minished picagonallv In this scucs ot cases a pieagonal decicasc of platelets 
was not found 

Thiomboc-ytosis as indicated above, is by lai the most outstanding finding 
in malignaucv The inaikcd tendency to iionmalignant thiombosis in cai- 
iinoina is asuibcd be N icueh’ to this lactoi In oui senes, tliiee cases stand 
out piomuientlv m the iiiteiisiti of the platelet lesponse In a case ot adeno- 
cuemoma ot the tiansecisc colon (( asc 75) theie was a platelet count of 
>10 000 pel c mm In the second case one ot eaily caicinoma ot tlie hicast 
(Case 7T), uicl m the thud c isc one ot c iicinoina ot the colon (Case 94) theic 
\s cic 720 000 pi itclets pt I c mm 

Rud'“ m a stndc ot 40 c iscs ot ccicic d caicmom i found an avc>ia"-c count 
of 401,000 pci c mm in lialt ot tlu ciscs it u is ihoce 450 000 pei'c mm 
m the othcis It 1 mged between 280 000 and 450 000 pei e mm the maximum’ 
being 812,001) pei e i„m He btluMs th it the t letoi which causes the anemia 
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contubiites to the cause ot the thioniboeytosis and that the lattei tends to in- 
ciease with the gravity ot the lesion One cannot agree vith this dictum, foi 
in the three cases in this senes, cited as liacing the highest platelet counts, 
none showed evidence of metastasis oi othei ciiteiia ot maikcd invasiveness 

Coagulation Time — The coagulation time vas deteinuned ui 71 cases and 
uas found to be uithin normal limits or only slightly reduced The normals 
called from four to ten minutes In onlj' 11 eases was the coagulation time 
over seven minutes Tlie longest coagulation time was nine minutes This 
was 111 a case of peitoiating carcinoma ot the stomach (Case 81) The aceiage 
coagulation time wms approximately loiii and one-halt minutes Bock and 
Kausche^ w'eie luiable to find significant changes in then study Rud*' ui a 
study ot 40 cases of ceivieal carcinoma, toiuid a constant and considerable 
leduetion in coagulation time Tins senes does not present endeiice of marked 
acceleration ot coagulation, and it maj’’ be concluded that theie is no defieiencv 
in coagulation 

The tendencc to iiicieascd oi normal coagulability ot the blood ot iiidi- 
ciduals sufteiing from malignant disease, may be ascribed to the noimal re- 
sistance of the pl.itelets as well as to then increased number, the lattei liberally 
supplying thiomboplastic substance In a similar way, leiicocytosis plavs a 
prominent part as a source ot a^allable tactois necessai> in the process ot 
coagulation An ineiease ot blood fabrinogen may be another factor aiding 
coagulation, as was pointed out by Rud 

It may be ot iiiteiest to point out at this time, that radium theiapi tavois 
rapid coagulation This obseiwation w'as made by Paiinov'“ in a study of 40 
cases of carcinoma of the uterus, tollowmg radium therapy 

Ilemoglohin — The hemoglobin estimation (Dare) was made in 99 cases, 
wdiich were divided aibitiaiily into three groups Group 1 (Hb 50 per cent 
or below') made up 43 per cent ot the cases. Group 2 (Hb 51 to 64 per cent) 25 
per cent of the cases, Gioup 3 (Hb 63 pei cent oi aboie) 32 per cent of the 
cases 

The hemoglobin in malignancy, tlieiefoie, presents two extremes The 
lowest readings which were found in about halt ot the cases w'eie most fie- 
quently met with in mabgnancy ot the gastiointestmal tract, gastric involve- 
ment yielding an average of 38 per cent hemoglobin, and caicuioma of the 
colon, an aveiage of 50 per cent hemoglobin The higher readings w'eie ob- 
tained in pulmonary and breast malignancies, the toimei showung an aveiage of 
67 per cent and the lattei 69 per cent hemoglobin The sarcomas had a lower 
range ot hemoglobin than that shown ui the cases ot pulmonaiy and breast 
neoplasm, avei aging approximately 56 per cent 

As pointed out above, 16 cases in Group 3 show'ed a range ot hemoglobin 
between 75 to 95 per cent It may be rrsetul to eurrmeiatc the instances in 
which these findings were obtained e\en though thej be isolated eases Cai- 
cinonia ot the lung (5 cases), ot the breast (4 cases), of the stomach (2 eases), 
of ovaiy (1 case), of tongue (1 case), adenocaicuioma ot the rrietliia (1 case), 
carcinoma of the lectum (1 case), and of tonsils (1 ease) With esophageal 
involvement the blood picture of eaiciiioma ot the stomach is altered by a 
tendency to eiythiocytosis and increase in hemoglobin Deficient fluid in- 
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take in these cases may be lesponsiblc toi the lelative polycythemia and by 
the same token a lelative hemoglobin luciease'® due to blood coneentiation 
The hemoglobin and led cell estimations in these oases beai out this point 
Case 17 had a hemoglobin ot 80 and an erythiocyte count of 5,600,000 pel 
c mm Heie esophageal involvement was suggestive but not demonstiable by 
\ lay Case 35 showed a hemoglobin of 79 pei cent and a led cell count of 
1,950,000 pel c mm In this instance, esophageal involvement was demoii- 
stiable None ot the othei eases in the gastiic seiics piesented evidence of 
esophageal involvement On the othei hand, Cabot-“ in a study of 72 cases 
of gastiic caicinoma, lepoited 19 in which the red blood cell counts weie 
5,000,000 pel c mm oi over The esophageal involvement in that senes was 
not discussed but nevei theless may have been pieseiit, and not noted 

Anothei point woithy ot note, is the evident dispaiity between the hemo- 
globm as compaied to the ei'ythioeyte leadings Foi example, Case 4, a pa- 
tient with carcinoma of the hepatic flexuie of the colon, yielded a hemoglobin 
of 18 pel cent and a led cell count of 4,000,000 per e mm Similai findings 
weie by no means uneomnion in this senes, having been found in half the 
cases This fact was also obseived by Eisen’® in a study of 353 cases He 
attiibuted the high eiythiocyte \ allies in caicinoma of the respiiatoiy pas- 
sages and the esophagus as possibly due to a masking of the anemia in the 
hist instance by a coiicentiating ettcct upon the blood seium of a piolonged 
mterfcience with watci ingestion He also found a use in led blood cell and 
hemoglobin value in patients whose lesions weie of longei duiation This 
finding may be tine of malignancy m geiieial but ceitainly does not hold tiue 
foi neoplasm of the colon as indicated above He stiessed the fact that 
hemoljsis and aplasia of the bone maiiow did not play a pait in the pioduc- 
tioii of anemia in cancel He was convinced that the anemia of malignancy 
boic no relation to the age of the patient and was unable to find any elfeet on 
the aiigmia by theiapeutic measiues The most seieie anemias, he asseited, 
occiiiied 111 caicinoma of the stomach This senes coiioborates his findings 
He fuithei stated that adeiiocaicinoma was associated with greatei aveiage 
degiee of anemia than the sciiihus, colloid, oi simple caicinoma, because of 
the greatci tendency to hcmoiihage, vilceiatioii and infection, as i\ell 
as liigliei as Cl age giade of malignancy He found no definite i elationship be- 
tween the extent of mvohement oi dcgiee of dissemination and the degiee of 
anemia 

Anemia — A seaich of the hteiatuie pieseiits confusion in the use of the 
teim anemia, especially as appliid iii the study of malignancy Some use the 
teini anemia to expiess a dcpiession in hemoglobin below the noimal figuies 
othcis to indicate a paucity ot eiitlnocvtes, and still othci-s, a low coloi index 
It IS appaient tlioiofoic, that the teiin anemia is too geneial, and fiequeiitlj 
ambiguous Foi this iiason it isas found expedient to employ moie specific 
teims, nimelv eiithiocvtopcnia to indicate a low led cell count and 
hemoglobmopeiiia a loi\ hemoglohm i alue 

Tlu lust cftect on the ud cells in milignanci appeals to be a hcmoglo- 
binopciu i with noim.il oi incu ised eiithiocitic laliies The second chamm if 
tlu mdignmci piogicsses is an inciease in the hcmoglohmopcnn with a 
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bcgnmmg eijtluocjtopenia It the piocess lasts long enough, theie is a 
tmthei leduction of the hemoglobin and eijthiootic lalucs In this last 
phase theie may be an imbalante in the late ot destiuetioii and pioduttiou 
ot hemoglobin and led ctlLs, tending to ineiease the eoloi index In the 
thud phase, the lesult ot inib ilanee such as mentioned aboic, may be 
eithei a low oi high eoIoi inde\ It is this lattci gioup of eases that maj 
offei gieat diffieidty in diftcuntiating malignant v tiom tine Addisonian 
peuiieious anemia 

Anemia in malignanev does not nttessaiih dept ml on actual metastasis 
but ma\ be piesent even in the absenee ot the lattei It may be due to anothei 
t.ietoi sueli <is a speiitie taieinom.itONin whith ahetts tlu boue maiiou It 
one aeeepts this speeifit natuie ot the taitinoma siibstanet as lesiionsible ioi 
the changes in the bone maiiow, one tannot aeeipt the dictum of Isaacs-^ that 
the piesenee ot anemia in the absence ot bleeding suggests metastatie bone 
maiiOM imohement Pincj-' states ‘Although the oitlinaij anemia ot 
eantei is not dependent upon the piesenee ot metastasis in the bone maiiou it 
IS deptndint upon ehanges in that oigan Tlie thionie anemia ot piotiactcd 
cases ot caieinoma leads to me lease in the amount ot led eellulai maiiow in 
the bones ” One must agiee with Piiuv-' that The essential teatuie m cai- 
cinonia is the eiideuee ot giaie distuibance ot the ei j thiopoietie oigaiis uhile 
in addition theie appeals to be some inteileieiut ot a stimulating natuie aet- 
hig undei leueopoietie meehanism ” The lattei lesults iii the leutoc^tosls 
which IS a veil known concomitant ot malignance and was mentioned by 
Alexandei^- as tai back as 1878 Contubuting laetois m the production ot 
anemia aie excessive radiation and nutiitional distiiibinces iiom inabilitj 
to swallow', letain oi digest tood 

It has been tound that ladiuni tieatnient incieases the hemoglobin’® but 
has no influence on the led cells This tact ofteis a leadv explanation loi 
the piesente of a high toloi index tollow'ing ladnim theiapy in mabgn»mcv 

E) ytJuocijte ', — The ei’jthioectes weie cniimeiated in 100 cases, the lattei 
dnided into thiee gioups In Gioup 1 wluch consisted ot 11 pei cent ot the 
cases led cells weic below' 3 000 000 pei c mm In Group 2 64 pei cent of 
the cases, the led cells langcd between 3 to 5,000,000 pei c mm In gioup 3 
23 pel cent ot the cases the led cells weie ocei 5 000 000 pei c mm It is ob- 
vious, tliciefoie that about two-thiids ot malignant cases show' a slightly de- 
piessed oi almost noimal led cell count (3 to 5 000,000 pei c mm ) one eighth, 
a modeiately depicssed count (below 3 000 000 pei c mm) and one-fifth, 
1101 mal 01 iiici eased count (ocei 5 000 000 pei c mm ) 

The lowest counts in Gioup 1 weie in a case ot eaicinoma ot the stomach 
(Case 51) with 1 440 000 led cells pei c mm and iii a case of adenocaiciuoma 
of the uteius (Case 1) with 2 000 000 pci c mm All the otheis in this gioup 
weie above 2 000 000 pei c mm Cases with less than 1 000 000 cells pei e mm 
aie laie aecoiding to Naegcli’ The highest count in Gioup 3 was tound 
in a eaicinoma of the head ot the paiicieas (Case 91) with 6 220 000 led 
cells pei e mm Cases with lesions in the stomach yielded the lowest niimbei 
of led cells (aveiage 3,690 000 pei c mm ) wheieas those with lesions in the 
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colon lung, bieast, iiancicas, and sai comas yielded the highci hguies, the 
aveiage langc being -1 to 5,000 000 led cells pei c min 

It IS intcicsting to note that highei led cell and hemoglobin values were 
found ni cases ivith invol\ cinent ot the lett side of the colon, than in those 
with involvement ot the light side The aveiage count in eases with lesions 
of the left bide of the colon was 4,860 000 icd cells pei c mm , while in those 
of the light side, the aveiage was 3,580,000 led cells pei c iiiiii The aveiage 
hemoglobin peieciitage in cases with lesions ot the light side ot the colon was 
31 5, ivhcieas in Ictt-sidid lesions, it was 70 These lesiilts aie in accoid with 
the hndings ot Piieknian ‘ and Alvaic/, Judd MacCaity and Zimmeiman 
The lattei have studied \aiying degiees of anemia piodiieed by caicmoma in 
difteient paits ot the colon in a senes ot 1168 eases They eoneliided that 
eaieinonia of the ceeuiii and ascending colon had a gieatei tendenev to piodiice 
anemia than that ot the tiansversc and descending poitions They stated 
“The giadation eaiinot he explained by gieatei loss ot weight, nioie severe 
lieiiioiihage, oi difteiences in nialigiiaiiey , the essential tactoi in the piodiic- 
tion of anemia is the piescnee of a large iilceiated area tiom which blood 
oo^es and through which bacteria enter As the tumors grow, until they cause 
obstiiiction, those developing in the regions ot the greatest dianietei will 
become largest before the symptoms ot obstiuction appear The diameter of 
the colon decreases tiom about 6 cm in the eeciiin to 24 cm in tlie sigmoid, 
hence, the greater anemia in cauiiioma ot the proximal colon ” 

Coloi Index — The color index is the weakest linlc in the chain ot hemato- 
logic evidence It must ot necessity be ot mnioi diagnostic impoitance be- 
cause It depends upon taetois which arc coiistaiitlv vaiiable The estimation 
of the color index depends upon the estimation of the ei-ythrocyte count, the 
hemoglobin deteiniination, and the personal ecpiatioii The hemoglobin 
estimation is notoiiously unieliable because ot the lack of equally standardized 
henioglobiiionieteis in general use The personal equation is a great tactoi, 
tor It cannot be denied that these hndings arc more reliable when done by 
specially trained workers than when peifoinied in a desultory routine fashion 
For these leasons the estimation ot the color index loses its value in the 
difteiential diagnosis between peinieious and per nieiouslike anemias It theie- 
toie becomes iieeessaiv to study the morphology of the red cells, i e , the 


piesenee or absence ot niaeioeytes latliei than to depend upon the color index 
alone The lattei becomes of salue as coiihimatoiy e\idenee only when 
morphologic changes in the red or white cells are dehnite That is, when 
milked anoelii om isia and hypoehiomasia are touiid i low' or even high color 
index, indie ites a seeoiidaiy anemn Howeici i marked maciocytosis points 
to peinieioiis iiicmia despite the t let that the eoloi index does not exceed 
unity This is tint e-speeially when theie are eoiioboiatne hndings in the 
lest ot the lilood picture This eemsideiation becomes exeeedinglv impoitaiit 
III the blood picture in nuhgiuiiej Difheiilties are eneoiinteied in the dit- 
teienti il diagnosis between gastiie e iieiiiom i uid peinieious anemia These 
ditheulties eui he leoieled h\ uUipting moiphologie, eiiteiii as a piimaie con 
Mdei ition 1 ithei than the eoloi index loutuieh peitoimeel In othei words' 
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the eolol index slioiild not he icgaidod as the ultimate dividing line between 
peinicions, secondaiy, and peiiueioiislike anemias It is noteuoithy that out 
of the 100 eases ot this senes, 17 showed a high eoloi index and in only one 
ot these was maciocvtosis pieseiit 

The aieiage eoIoi indexes accompanying lesions in the laiious oigans aie 
as follows colon 0 57, stomach, 0 61, lungs 0 75 hi east 0 76, pancie.is, 
0 72 The louest coloi index uas 0 22, in a case oi caicnioma ot the hepatic 
flexuie ot the colon (Case 42) The higliest coloi index 1 2 uas obtained in a 
patient ivith adenoeaieinoma ot the uteius (Case 1) 

Baiaduliii-® in a study ot 81 cases, tound one uith a coloi index abo\e 
one and thiee uitli a coloi index ot one Paiiiiov'® pointed out that ladium 
theiapy tends to laise the coloi index so that e\en a lou coloi index mav be 
inci eased to noimal oi aboie He also called attention to the fact that in 
caicinoma of the uteius a coloi index of oiei IS aftei ladium theiapy uas a 
bad piognostie sign 

Red Cell Mo) pholoyu — In studj'ing the changes in moiphologj of the led 
cells in this senes, the tollowing conditions weie encouiiteied aiusoejtosis, 
poikiloeytosis, polychiomasia, miciocytosis macioci tosis, anochiomasia, hjpo- 
thiomasia noimoblastosis and leticidocvtosis To tacibtate iccoiding these 
changes the tollouing scheme was adopted In desciibing ainsocytosis toi 
example, the hndiiig ot 3 to 5 anisoiitic cells pei bundled led blood cells 
was designated as slight oi ‘ one plus,” 5 to 10 pei hiuidied icd blood cells, 
inodeiate oi ‘ two-plus” 10 to 15 pel huudied led blood cells, marked oi 
‘ thiee-plus ” and 15 oi ovei pet huiidied led blood cells, \eiy marked oi 
‘ ‘tom -plus ” The othci changes, iioilalocvtosis polychiomasia, etc, w'eie 
lecoided in a similai mannei The uoimobhst laliie was deteiniined bv 
noting the mimbei of these cells eiicounteicd in doing a difteieutial count ot 
100 leueocj'tes 

Aiiiiocytosib — Anisoc} tosis piesented itselt in 32 cises oi 32 pel cent ot 
this senes In 26 cases, the leaction wms slight, in 5 modeiate and in 1, 
maiked One-thud of the cases in this senes showed laijing degiees of this 
change Eighty one pei cent of the eases that showed ainsocytosis, show'ed it 
to a slight degiee Ainsocytosis then is a lelatnely uncommon finding m 
the blood changes ni malignancy An niteiestnig obsenation is that in lo 
instances, ainsocytosis was associated with metastases 

Pmhilocyto’iis — Poikiloc 3 dosis was encouiiteied in 19 cases oi 19 pei cent 
of this senes Slight changes wmie foiuid in 13 cases In 5 instances, theie 
w'as a modeiate, and in one instance, a niaiked pofiuloci tosis Jfetastases weie 
encouiiteied in 4 cases 

Polychiomasia — Pohehiomasia was piesent in 5 cases of this senes, in 4 ot 
W'hieh the change was sliglit, and in one, modeiate No metastases accompanied 


this change 

Miciocytosis — iliciocj tosis was in esent in 24 cases oi 24 pel cent oi this 
senes In 17 cases theie wxas a slight change m 5 a modeiate change and m 
2, a maiked change Metastases w'eie associated in 9 instances Naegeli 
obseives that caicinoma piesents a secoiidaij" anemia wnth low coloi index 
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and small pale led blood cells This finding was not confiimed inasmuch as 
miciocytosis was a finding in only 24 pei cent of this senes of cases 

l/aoocyfosis— llaeiocytosis was piesent to a slight degiee in only 9 cases 
of tins senes Naegeld'’ has obseived macioeytes mostly of the polychiomatic 
laiiety in maiked legeneiation although the pictuie of secondaiy anemia was 
still outspoken He fuithei obseiwed that caicinomas Avith a high coloi 
mde\. accompanied by niaciocytes and noimoblasts always speaks foi bone 
manow metastasis Howes ei, metastases weie associated in but thiee in- 
stances, in only one ease ot which (Case 76) could involvement of the bone 
manow be demonstiated 

Anoclii omasia — This teim has been defined by Watkins-^ as the absence 
of hemoglobin in the centei of the led cells which give them a doughnut ap- 
peaianee, ivith a lelatwely nch iim of hemoglobin at the peripheiy in contia- 
distinction to hypochi omasia which designates a geneial palloi of the entiie 
cell without lefeience to dellae foimation This change ivas piesent iii gieatei 
fiequeney than any of the others, being piesent m 52 cases oi 52 pel cent of 
this senes Theic were slight changes ni 19 eases, modeiate in 18, maiked iii 
I4, and veiy maiked ui one It appeals from these observations that 
anoehromasia is the most constant moiphologic change of the led cells in 
malignancy Metastasis ivas associated with polychi omasia in 20 instances 
Hypochi omasia — This ivas found in 33 eases oi 33 pei cent of this senes 
The change was slight in 21 cases, modeiate in cases, and maiked in 3 cases 
These changes weie associated with metastases m 10 instances 

Noimoblaitevna — Sis. cases in this senes contained noimoblasts m the 
peripheral blood They wcie found in the following instances Case 1, cai- 
emoma of the stomach with 9 noimoblasts pei bundled ivhite blood cells, 
Case 29, caicinoma of the stomach with 1 noimoblast pei hundred white blood 
cells. Case 54, lymphosaicoma with 1 noimoblast pei hundred Avhite blood 
cells. Case 78, eaicmoma of the nteins, and Case 98, caicinoma of the lung 
Avith 1 and 5 noimoblasts pei hnndied Avhite blood cells lespeetively In this 
gioup, hone maiimv metastasis Avas dcmonstiable in but one case (Case 98) 
Geneial metastases Aveie piesent in tivo instances 

Reticulation — Reticuloej4osis Avas piesent m 36 cases oi 36 per cent ot 
this senes It Avas slight in 31 instances and modeiate in five A modeiate 
mciease m leticiilation Avas found in the folloAving instances Caicinoma of 
the hieast, 2 cases, caicinoma of the ntcius, 1 case, caicinoma of the stomach, 
1 case, metastatic caicinoma ot the bone, 1 case Metastases weie encounteied 
m 18 instances 

Clianyes in Red Cell Moiphology and Then Relation to Metastasis Oha=® 

m a stiidA of s-ucoma m labbits concluded that an inciease m the myeloid and 
noimoblastic elements accompanied bj amsocAtosis and polychi omasia, indi- 
cated adiancenieiit ot the lesion No such conclusion could be draivn fiom this 
seucs In but tA\o of the cases Ashidi piesented uoimoblastemia, uas the pies- 
eucc of metastasis demoubtiated HoweAci, one cannot deny the obseiAation b\ 
NaegeU'- that high eiAthrohlast counts aie associated with signs of bone mai 
lou inAolAement he e-uemoma Puitheimoie it has been shown be Nae"eld- 
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that metastasis mac be piesent in the bone niauow -without concomitant blood 
elianges This would eNjilain the Indcteiminate giouj) ot blood pictuies ob- 
seiied m this senes Similai cases neie obseiied b\ Hii'sehteld ” Zadek and 
SonuentekI-' lepoited two eases ol piostatie caieinoma m which bone metastasis 
oi the osteoplastic -caiietc wms tound without the piesence ol noimoblasts 
Tlieie weie, Jiowecei, othei cliaiij'es in the blood indicatne ot bone niaiiow 
metastasis, nanielj., leucopeiiia and lelatuc hinphocc tosis, coiiesponding to the 
inhltiative oi destiuctne jirioups to be desciibed in this seius 

It will be noted lioiii tin Joieeroniir, that tlie lieqiiencA ot metast.isis was a 
iiioie 01 less iiieidental teatuie in association with chaiii'es in led cell iiioi pliolonj 
What lelationship theie exists between metastasis and chaiif'es in led cell moi- 
pholo"j could not be deteimiiied It appeals tlmt metastasis is associated with 
caiMiii!: dec:iees ot (han"es in icd cell moipholo^, the most piomnient beni<' 
letic uloc j tosis, anisocjtosis and .inocluuniasi.i , the less pioniincnt bciii't uiicio- 
cj tosis, and he pochioniasia The stiuh did not leceal am piomineut associa- 
tion between noiinoblastenua pohcluoniasia and metastases The leason nun 
be twoiold In the hist pi ice, then low incidence in this senes (pohcluoniasia 
was piesent in ') jici eent ,ind noi moblasteiiiia in b pel cent ot this senes) does 
not peimit one to diaw geneial conclusions, and secoiidh, it is possible tluit 
although metastases maj be piesent, thej mac not be demonstiable oi leiatnelv 
scant 

FuK/ility Te-it — Jlitioc uh'’'’ in an imestigation of 23 cases toiind no sig- 
nificant changes in the lesistaiice ol eicthiocctes in malignant conditions to 
hjpotoiiic s<iline The test was pciloinied m "i cases In tw'o cases heniohsis 
began at 0 42 and was eomplete at 0 30 In one case it langed tioin 0 44 to 0 34, 
and anotlici case liom 0 42 to 0 32 In the last ease, hemohsis began at 0 38 
and was complete at 0 30 These lesiilts mac be considexed noimal except loi 
the lattei instance in which it must he assumed tlieie was a diinmislied tiagilitc 


Howecei, coiiehisioiis cannot be di.iwii tiom tins small senes ot cases 

Ltucocijtoiii ', — Leucocctosis was piesent in bJ pei cent of the cases It 
mac be coucenient at tins point to dehne tevo teims cvhich aie used in connection 
ccitli tins stuch, espcciallc m tlien lelatioii to leiicoec tosis ‘ Aseginentopeuia 
mac be dehned as the absence ol an nicieast in band loiins accoiiiiianc mg 
lencocc tosis oi inoie laiilc, leiicopema It is ccell knoevn that Icueocc'tosis ot 
the intcctions and othei vaiicties is associated cvith an lueiease in band toims 


(aseirmentophilia) In this stuclc tlie absence ot band loims in lelation to 
lencocc tosis is conspicuous This lelatioiislup has not piecioush^ been deseiibed 
in the liteiatuie Fittc-tcvo cases, oi 85 pei cent ot all cases piesenting leiico- 


cjTosis cveie associated cvith asegmentopenn Foity-tluee ot the cases, oi TO 
pel cent ot the cases showing leueocc tosis cvcie associated with neutiopbilia 

‘ Aneosinopeuia ” may be defined as a condition m which theie is a pei- 
sibtence ot eosinopliiles in the piesence ot a neutiophilie leucocj tosis Foitc one 


cases Ol 95 pei cent ol the cases shocving neutiophilie leueocc tosis weie associ- 


ated cvith aneosinopenia 

The asegineiitopenia and aneosinopenia mac be said to go almost hand m 
hand One maj state, theietoie, that the piesence ot neutiophilie leueocc tosis 
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nitli ase^mentopcnid and aueosinopciua is a teatuie whidi is not uncommon m 
mahgnancj, and which has been tound to be ofc dehnite lalue in oui eftoit to 
confiim a diagnosis ot mahgnancj bj^ hematologic ciiteiia It would not be 
lustifiable, howeiei, to assume that all caicinomas aie associated ivith leueo- 
cvtosis, iol some cases {21 pei cent in this senes) piesent a definite leucopenia 
It would be just as unjustifiable to assume that all cases piesent neutiophilia, 
for as will be pointed out, it is not unusual to find definite neutropenias 
(Table II) 

Leucopenia — As was stated aboie 21 pei cent ot the cases piesented a 
leucopenia below 8000 Pne cases oi 21 pei cent piesented a lelative Ij^mpho- 
cjtosis Puitheimoie, 10 cases oi 47 pei cent ivith leucopenia piesented neutio- 
philia, 11 01 53 jiei cent piesented neutiopenia Metastases were piesent in 12 
instances oi 57 pei cent ot the lencopenias (Table III) 

Moi phologic Changes in White Cells — These weie studied m the oidinaiy 
smear stained bj the Wiight method 

Band Fonus — Asegmentopeina Poi purposes ot this stiidv, the noimal 
uppei limit ot baud toims in the blood was consideied 5 pei cent Asegmen- 
topema was piesent in 85 pei cent ot the cases 

Asegmentophilia (Ineiease in band torms ) This condition was piesent 
m 17 cases lyhen piesent, it was usually associated with eithei an iiiitative, 
mfiltiatne oi destiuctne tj'pe ot blood picture (see below) Simonis®^ has 
called attention to the hjqiei segmentation ot the iieutiophiles, Ivniphoejdes and 
monoestes, in the blood pic tine in caicmoma His study, howevei, is based on 
oiilj 11 cases 

Monocytosis — hen the moiiocste count was tound to be 6 pei cent oi ovei, 
it was consideicd a monocjtosis ilonocjtosis was piesent in 28 cases In 12 
instances metastasis were demonstiated 

Basophilia — Basophilia was absent in all but two lases ot this senes Theie 
did not seem to be anj significant lelationshij) between this condition and 
metastasis 


hosinophiJta — Eosmophilia was piesent in 18 cases In 7 instances it was 
assonated with metastasis 

Metamyelocytes — These weie piesent in small iiumbeis in 7 cases 
Myclocytosis — Phis condition was piesent in 14 cases The lattii weie as- 
sociated with metastasis in 7 instances 

Osteoplasia and Osleoilasia —In 1891 Yon Recklinghausen''- was the hist 
to diampion the comeption ot the sjntad ot metastasis b\ the blood sticam into 
tin hone maiiow III difteientiatcd two touns ot bone maiiow caicmoma 
\ Ihc osteodastK loim and B, the osteoplastic toim Tin osteoclastic loim, 
in I pioiess ol 1 iidaition usembling osteomalacia causes buttlencss ot bone 
111(1 mac be acioiu)) lined In pathologic tiactuies ( I’able IV) But onh e\teii- 
snt tiniim iiu ision is lapabli ot producing a maiiow distuibance In the 
osteoplastic \ .iictc Inpcitioplu oi osteoid tissue with hbiotic changes ociuis 
m tin bone in mow mil m.n iiioceicl to calcification and sdciosis 

Miglit ostioiilasii which inn be disccuuble In \-iai was i 

is-soinml with blood putiucs ot m uiitatue tape Yodciate osteoplasia, which 
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may also be discernible on the x-ray film, ■was most commonlv associated 'with, 
blood pictures of an infiltrative type Maiked osteoplasia which is detectable 
by \-iav, was most comraonlv associated with blood pictuies of a destructive type 

TYPrS OF BI OOD PICTURES IN AIALIGNANCY (tABIE V) 

It was found that the blood pictuies piesented in malignancy could be 
classified into five gioups (1) Stimulative, (2) iriitative oi leucemoid, (3) in- 
filtrative 01 displastic, (4) destructive or mi elophthisic, (5) indeterminate 
Gioup I — SUmulahie — This picture consists mainly of a slight leucocvtosis 
(10 12,000), a moderate neutrophilia (75 to 80 per cent), the presence of aseg- 
mentopenia and no significant changes in the myeloid picture If tlieie are any 
changes in the Ivmphoid elements, tlieie is usually an mciease in the laige va- 
1 let's Erjdhioectie changes aie insignificant This picture reflects a phisio- 

logic chanae in the bone niaiiow which is mainly one of hyperplasia Leueo'^'^ 
(\tosis and iieutiophilia lun paiallel Aneosmopeiiia is usuallj piesent 

This pictuie mac be caused b-s the neoplastic toxin produced in the piimaiv 
01 metastatic focus Case 71, carcinoma of the lung of a month’s duration, is an 
example ot this tj'pe The blood picture nis as follows Hemoglobin 70 ner 
cent color index 0 83 led blood cells 4 260,000 nliite blood cells 10,200, poly- 
moiphonncleais 81 (Binds 0), L\mphoi\tes 16, iloiioejdes 1, Eosiiiophiles 2 
One month later the siiieai ie\ealed the tolloniiig Pohnuclears 59 (Bands 0) 
Ljmphocctes 2b, IMoiiocitcs 3, Eosiiiophiles 12 This nas the beginninn- of an 
iidiltruuc tepe ot blood pictuie with perhaps slight osteoplastic changes, as 
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CMcleueed by the neutiopcnia aud the incieasmg eosiiiophdia The lattei i)ic- 
tuie IS piobablv the lesult oi lupei plastic cftoits ou the jiait ol neolieiiiatopoietic 
islands m the bone maiion a tompensatoij eftoit, as it uete, to lejilace infil- 
tiated 01 eompioiniscd nncloid aieas 

Tvull irr» 


CnotT ot Lticoihsn-i 


OKG V^ 

1 

\0 Ol- c\&ts 

lEUCOPEMV 

Lt UOOl 1 \ H 

NtUTROPEMA 

OK 

NECTKOPinU ^ 

L\ Ml IIOCnTOSl^^ 
OR L^MPIIO 
eVTOPEMV 

METVSTASES 

Breast 

1 

7000 

78 

18 

T 

S ircoin i 

> 

ISOO 

34 

47 

-r 



(lOOO 

30 

33 3 

0 

P mere is 

■) 

0300 

07 

21 

0 



TIOO 

71 

15 

0 

Ol ir> 

1 

0200 

72 J 

0 

T 

Urin iri 

1 

■>400 

84 

14 

+ 

Stomach 

1 *> 

2400 

88 

8 

■h 



flSOO 

02 

32 




7800 

00 

2S 




■i700 

82 

10 

T 



ISOO 

70 

20 

0 

Colon 

2 

0600 

04 

33 

0 



7700 

73 

25 

0 

Lung 

1 2 

70-0 

1 

23 

' + 



2400 

24 

30 

+ 

G I Mihg 

2 

3000 

38 

38 

+ 

n luc) 


4200 

70 

20 

0 

C ircinoiii i 






of Tongue 

1 

7400 

00 

28 

+ 

Met istatic 






Carcinoma 






of Bones 

1 

0700 

38 

32 


Carcinoni i 






of Tonsil 

1 

0000 

T7 

3G ' 

1 

■f 

Total 

21 




12 


Tcule IV 


OsiForcisiA iND Types ot Blood Pictires 


DEGREE 

BLOOD PICTURE GROUP 
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Infiltritive 

Marked 

Dcstructiie 


A''ofe — ^Boiie Itsrrott earciiiosis in-i\ bo produLti\e of osteoplastic and osteoclastic 
changes, either of ivhich mas pridomiiiatt., to the eoiiipli.te or parti il t'vUusion of the other 
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niL iounx\t 01 i iBouvioiVi and clinic vd jiidicint 


G)oui) 2 Inifativc, Leutcmoul Slight Obtroplasui pietuie consists 

of esseiitiiilli a luodeiafe leucoes'losis (12,000 oi nioic) and a inodeiate nentio- 
philia (80 poi cent oi ocei'l Asegmentophilia is usually piesent and asegmcn- 
topenid may sometimes occui Aneosinopenia is usiialJj piesent Theie mac 
be an occasional nij'^elocite oi inetanu eloc 3 de 2 iicsent and tlicie are no cliauges 
m the Ijmjihoid elements Eiidhioci tic changes m.ij be inanitested lu the 
pieseiice of iiicieased letieulation oi anothioniasia Tlie bone niaiiow pathologi 
IS essentialH one ot hypciplasia In this gionp, neiitiophilia nun be dispiopoi- 
tionato to leueoci tosis and indeed t\cn neutiopenia maj occiii Case 74 a eai- 
einoma of the hepatic duet, 1111030 histoii datis back IS niontlis, is an eianpile 
ot the iiiitatiie tipe ot blood pictnie in mahgnanci Hemoglobin 20 pei cent, 
coloi indev 0 32, led blood cells 3,100 000, iiliite blood cells lb 000 pol^nucleais 
81 (Bands 15), l^mphoeytcs 10, monocites 8, eosmoiihile'. 1 Theic iieie no 
paitieulai changes in the icd cells This pictine difteis tiom the stnuulatiie 
loim bi a shift of tlie neutiojiliiles to the left In spite ot this eosinophiles aie 
tonnd (aneosinopenia) This pictiiie mai be tlie icsiilt ot micioscopic metastasis 
in the led maiion aieas Such metastasis 111 , i\ be detectable on the \-iay film 
On tlie othci hand slight osteoplastic ciniiiges ma\ siithce to pioduce the same 
lesult 

Gioup 3 — Injiltiativc, JDgnplastu ot Voilciatc Obteoplutiiti — Esseutialh, 
the blood pictuie consists of a leiicopenia (5 to SOOO), a iieiitiopenn (50 to 60 
pel cent) and a lelatue hmphocctosis (30 to 40 pei cent) It neutiophilia is 
piesent, theie is usualh a combiiiation nith Gioiip 2 Asegmentopenia is 
usualh absent but mai be piesent Asegiiientophilia is usualh piesent but mai 
be absent Time mai be piesent nijeloejtes and metannelocytcs Should theic 
be a lelatne Ijmphoci tosis, theie is a shift to the left that is, the huge hmpho 
cj tes aie inci eased Eijdhioci tes nsnalh show model ate changes as mauitcsted 
bi hi pocluomasia anochioniasia imhchiomasia, and occasional noimoblasts 
Pathologically, the bone maiion mai be the seat ot muiohcopic metastases 01 a 
inodeiate degiee ot osteophisia The metastases mai 01 mai not be cbsceinible 
by \-iay Typical ot this tipe ot inctiue is the one obsened 111 Case 78. mth 
a caicmoma ot the uteiiis and a histoii dating back thiee months Heie the 
blood study piesented the iolloniug Bleeding time one minute fort} -one sec- 
onds, coagulation time, seien minutes ten seconds, touiiiirjuet test negatne, no 
significant changes in the fiagiliti’ ot led cells, hemoglobin 42 pei cent, eoloi 
iiidei. 0 89, led blood cells 2 400,000, platelets 190 000, 11 bite blood cells 8600, 
poljTiucleais 67 (Bands O'), hmphocjtes 25, monocites 1 eosinophiles 3, 
myelocytes 2, slight auisocytosis, slight maeioci tosis inodeiate anochiomasia, 
modeiate hypochiouiasia, and an occasional noimoblast 

The leucocyte count tends ton aid a leiicopenia Nentiophilia is deehuing 
toiiaid a neutiopenia In othei noids, theie is eiidence ot begnunng bone 
mai 101V dj sfiinction, and at the same time, theie is evidenee ot iriitatne 
phenomena The lattei is manifested by the piesenee ot occasional noimoblasts 
nijelocytes and mefamc elocytes Although theie is displacement ot 1113 'eloid 
tissue b 3 the metastatic focus, 01 possibl 3 b 3 ' the pieseiice of modeiate osteoplasia, 
there is still enough myeloid tissue left nliich is capable of being iiritated and 
lesponding to a stimulus 
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Gioup 1 — Destnutive, Myelophthisic oi Mailed Osteoplasia — Essentially, 
the blood findings in this gioup aie as follo%\s a model ate leucopenia (below 
5000) a modeiate neutiopenia (below 50), a modeiate lelatne lymphoeytosis 
(ovei 40) , aseginentopema is usually absent, asegmentopliilia is usually piesent, 
myelocytes, metamyelocytes, and mieloblasts may be piesent It lelative 
lymphocytosis is piesent, theie is a sliitt ot the lymplioeytes to the left 
Erythioeytic changes may be maiiitested by the piesence of iioi moblasts, 
letieulocytosis, and poly^ehiomasia Pathologically, tlieic may be macioseopic 
metastasis in the bone maiiow oi the piesence of a modeiate degiee of osteo- 


plasia These are lecealed on x-iay 

The pictiiie afoiementioned is piobably^ pioduced by" the neoplasm in its 
piogiessive invasion of myeloid tissue to its ultimate destiiiction or displace- 
ment, 01 by the piesence of modeiate oi extensive osteoplasia Case 98, a cai- 
cinoiiia of the lung with a iiistoiy" dating back two w'eeks, ys a typical example 
ot such a type He piesented the following blood pictuie Hemoglobin 85 per 
cent, coloi index 0 88, led blood cells 4,800 000 platelets 250,000, white blood 
cells 2400, neuti ophites 24 (Bands 0), lymphocytes 56, monocytes 11, eosinophiles 
1, metamyelocytes 4, myelocytes 1, and 5 noi moblasts 

The aboye pictuie lepiesents a combination of leucopenia, neutropenia, 
lelative lymphocytosis with a shift of the neutrophiles to the left (due to 
metamyelocytosis) One would expect in this type of ease, a diminution in 
platelets because of this neoplastic panmyelophthisis, but whether the mega- 
kaiyocytie foci aie i datively uniniuied or the accessoiy retieuloendothelium is 
lesponsible foi cornpensatoiy legeneiation, one can only suimise Purthei ob- 
seivations along this hue aie necessaiv to claiifv this point This patient also 
showed a purpura m spite of the noimal platelet count It may" be possible that 
platelet function was impaiied 

These groups aie not completely delimited and mav oveilap depending upon 
chaiacter and extent of the metastatic iinohemeiit oi osteoplasia Case 71, for 
example, showed two types ot pictmes dining its coinse The fiist pictuie was 
a stimulating one, the second of an iiiitative type 

Changes of type of blood pictiue may be induced by tieatment, inelnding 
X lay 01 ladium by opeiative inteiiention, oi by the meie passage of time 
Cast 17, toi example, with a caicinoma ot the stomach, showed a pieopeiative 
pictuie which was definitely infiltiatue Altei opeiation, the pictuie yvas defi- 
nittly luitatice Case 20 with metastasis fiom caicinoma ot the stomach, pie- 
sented a pietuie ot beginning lufiltiation thiee months pievious to admission to 
the hospital The pictuie changed to that of dchnitc infiltration with niitative 
maiiow changes on admission to the hospital tliice months latei Case 37, with 
siuoini ot light luiiucius, piesented on admission a blood pictuie ot the destinc- 
ti\c t\pc This was due to x lay theiapi iitcived one month pievious A month 
litii, he showed a similai pictuie and in addition a thiombocc topenia ot 60 000 
and signs ot bone miiiow nutation, as eyidcnced by defimtely lucicased 
rctnuloeytosis ( 1 pii unt) Case 71 uitcicd the hospital with a dia-nosis ot 
c nunoma of the stomadi lit pusuitid a pictiuc ot the mfiltiatne t\pe One 
month latu, tlicie w is imit ising ncntioptnia and ulatne hmphoci tosis with 
• viduicc of ciythrocMit ind niNtlotMic irntation the pictiiic thus becomum 
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defiluteh iiutative m tjpe Case 91, ^\lth caicmoiiia of the head ot the 
paucieas, eiiteicd the liospital witli an ludetei inmate type of blood pittiue One 
month latei theie is as a topical stiniulatiie tjpe ot blood pictnie thus indicat- 
iiig the influence of the time taetoi alone Case 91, isith caitiuoina of the colon, 
IS as admitted isutli a stimulatiic blood pictuie One mouth latei the pictuie be- 
came defiuitelj inhltiative Case 97, isitli a eaieinoma ot the sigmoid, isas ad- 
mitted isith a pictuie ot the stimulative tjpe Tsso iseeks latei theie iseie be- 
ginning signs of an infiltiativc tjpc ot blood pictuie 

Gioiip 5 — hnletei minute — This group consists ot those cases in ishieh the 
ciiteiia outlined aboie aie indefinite or insufticieiit toi accuiate inteipietation 
The question of time alone, the influence of ticatment oi opeiatiie mteiventioii 
may suffice to initiate a pictuie uhieh latei becomes definite These cases ulti- 
mately pass into the iiifiltiative oi destiuctise gioiips Case 17, for example, a 
case ot caicmoma ot the stomacli ssas acbnitted on the medical seiiuce isith an 
mdeteiminate blood pictuie isith the tolloising difteieutial count pohmiielears 
47 (Bauds 1), lyniphocitcs 34 eosuiophiles 2 monoeites S, aud slight oligo- 
chiomasia He was tiansteiied to the suigieal seisiee toi exploiatoiy lapaiot- 
omy Tsso dajs attei the opeiatioii he pieseiited tlie tolloising blood pictme 
bleeding' time tiseuti seconds, coagulation tune seven minutes tisenty seconds 
hemoglobin 80 pei cent coloi index 0 7 led blood cells 5 COO 000, platelets 
350 000, WBC 10,000 polyuueleais 80 (Bands 39) metaniyelocides 4, 
mjmloejtes 2, aud slight anocluom.isia This ssas a blood pictuie quite tiqiicai 
ot the eailj infiltiatne tj pe It is possible that in this case theie isas esophageal 
iinolyemeut also, as suggested bi the high hemoglobin and led cell count 

Incidence of Types of Blood Pictuies in dlultynaiicij (Table YI) — Gioiip I 
— 01 stimulative gioup, was pieseut in 55 cases oi 55 pei cent ot this senes 

Gioup II — 01 iiiitatne gioup, isas piesent in 16 cases oi 16 pei cent of this 
senes 

Gioup III — 01 infiltiatne gioup, isas piesent in 9 cases oi 9 per cent of this 
senes 

Group IV — 01 destnietive gioup isas piesent in 7 cases oi 7 pei cent of 
this senes 

Group V — 01 iiideteimmate gioup, isas piesent in 13 eases oi 13 pei cent 
ot this senes 

It IS obiioiis then, that at the time of the blood exammatiou, ovei half ot 
the cases iieic iii the stimulative gioup, one sixth m the iiiitanve gioup one- 
eleventh in the infiltiatne gioup, one-touitceuth in the destiuctive group, and 
one-eiglith in the ludeteimiuate gioup 

It is iiitei estiiig to enqiuie into the feasibility of utilizing the blood studs 
eaily enough to be of benefit to the patient One must conclude that al this 
time it IS piaeticable only m the stiniulatiie gioup befoie the onset of metastasis 
Foi pin poses of ultimate piogiiosis and tieatinent, the stimulative gioup may 
be divided into tiio subgioups, (a) uithout metastasis, (b) with metastasis 

Table VIT, piesents an analysis of these subgioups It is found that of 55 
cases iihich piesent a stimulative blood pictuie, 32 oi 60 pei cent haie no 
demonstrable metastasis Theoietieally, it should be possible then to diagnose 
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Table VI 


Alai ISIS op Blood Picthel iv Malignancy 






..... 


INDETEE 

OBGAN 

TOTAL 

STIMUI VTlVE 

JO OP CASES 

IRRITATIVE 

VO OP CASES 

IM ILTRATtVE 
JO OP CASES 

DESTRUCTIVE 
NO OP CASES 

IIINATE 

NO OP CASES 

Breast 

Lj mpho 

8 

0 

2 

1 

0 


0 

sarcoma 

I 

7 




Sarcoma 






o 

toais 

Stomach 

" 

22 

1 

9 

1 

3 

4 

3 

3 

0 

Lung 

15 

8 

3 

1 


0 

Colon 

15 

1 

1 



1 

Pancreas 

6 

4 

1 




Gall bladder 

4 

3 

1 




Ovary 

3 

2 

0 

1 

0 

0 

Urinary 

5 

2 

2 

1 

Carcinoma 







of tongue 
Epithelioma 

2 

1 





of lip 
Carcinoma 

1 

1 

0 




of tonsil 
Carcinoma 

1 




1 


of thjTOlC 
Metastatic 

1 

1 





carcinoma 
of bones 

3 

0 

2 

0 

1 


Uterus 

2 






Total 

100 

55 

16 

9 

7 

13 


niah{;uane 3 '' Iiematologicallv in almost one-thiid of the casts at a time ivlien 
metastasis is dinicalty absent The establishment of this possibility as a fact 
opens np a field nhieh needs fmthei stndj 

GENERAL IIET VST ISIS VND THE BLOOD PICTURE 

Foitj-iiine cases, presented metastasis Table YIIT, piesents an analjsis 
of the ineidence of the five gioups ot blood pictures that piesent themselves in 
eases vith metastasis Metastasis mav affect a blood picture in tvo ways 
(1) by the specific effect of malignant substance on the bone maiiovv and (21 bj' 
the mecliauieal piesence of metastatic tissue in the bone man on There mav 
be a combination of both factors In the first instance the picture piodnced 
maj be eithei stinudatue oi iiiitatne, iii the second instance, the lesiilting 
blood pietnic mac be iiiitatne, infiltiatne, oi destmetue m type It is found 
that 40 pel cent of cases with metastasis m this senes neic in the stimulative 
group 24 pci cent ui the initative gionp, and S per cent each in the destuictne 
and indctci inmate groups 

BOM MVRROAV MLTVSTVSIs VND THE BLOOD Pit T1 RE (TVBLEIA) 

Tvvthc cases, oi 12 pci cent ot the enliic senes pnsented evidence of 
nul istasis to the bone man on In <) cases theie was \ lav evidence and in 3 
instancvs autopsv evuleme Fittv eight pci cent of cases with bone mairow 
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metastasis showed an uiitatue tjpe ot blood inctiue T%\eutA-fi\e pei cent 
showed an inhltiative blood pictuie Sixteen had a blood pictmo ot the destiuc- 
ti\e tjpc It is sigmhtant that theie weie no stnunlatne oi nideteiimnate t^pes 
ot pictuie in this j'loup 


T VULL Yll 


iNimsis Of int STiMoiiiTiit Grow oi Blood Piltuiils 


1 

Oita VN j 

TOT VL ! 

\0 OI- C\SES i 

TOT\L 

STIMULVTIVE 

A\ 11 a 

METASTASIS 

lA ITnOUT 

MET ASTASIS 

Brc ist 

s 

"i 

3 

o 

Ljmplios ucoin i 

7 

7 

1 

3 

& ircoma 


1 


1 

Stonnuli 

oo 

9 

1 2 

7 

Lung 

1') 

S 

0 

o 

Colon 

It 

12 

3 

0 

P iniie IS 

G 

4 

1 

3 

Gill bliildcr 

4 

3 

t 

1 

0\ in 


' > 

1 

1 

XJninrA 

" 

I ■> 

1 

I 

Epitheliom i ot lip 
Corcinonia of 

1 

1 

0 

1 

tliA rout 

1 

i I 

0 

1 


Table 1 III 

Vml'isis 01 Blood Pictubf in Metastvtic Maliqn\nc\’ 



METASTASIS 


aUJT AT1\ E 


DESXnUCTlAE 

ISDETER 

OHG A\ 

SO or 

*TIMaL.VTnE 

SO or 

IsriLTR ATIA't 

SO OF 

MINATE SO 


CASES 

NO 01 CASE:> 

CASES 

^0 OF CASES 

CASES 

OF CASES 

Breast 

LMUpllO 

0 

3 

> 

1 

0 

0 

bUtoniT 

4 

4 





-3 iKoin 1 

2 

0 

1 


1 


Stoumli 

10 

■) 

■) 

1 

3 


Lung 

11 

G 

3 


1 

1 

Colon 

■) 

O 

1 

1 




Pancreas 

1 

1 

1 




G ill bladder 

3 


1 




Oiary 

O 

1 

0 

1 



Frost ite 1 

H) pernepli 

1 

1 

0 

1 j 

0 


rouia of 
kidnej 

1 

1 





Adcnoc ir 







cinoma of 
kidney 

1 

0 

1 




Tongue 

Carcinoma 

1 






of tongue 
Mot istatic 

1 

i 

1 




tirtiiioma 
of bones 

3 

0 

o 

0 

1 



The iiiitative tApe of blood pictuie pioduced by bone maiiow metastasis 
may be accounted foi b} livpeiplasia ot the bone maiiow with oi without the 
association of slight osteoplastic changes The infiltiatne tApe ot blood picture 
pioduced bj bouemaiiow neoplasia maj' be due to the eaih niAasiAeue&s ot the 
tumoi AAith 01 AAithout model aiJ osteoplastic changes The destiuetne tipe ot 
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Tmsle IX 


Analysis; op Bo\e IIvkrow METASTiSEs and TiPEb oi Blood Pictuhes 


CASE NO 

ORG^^ 

DI\GNOSED ' 

BY 

STIMUI^A 

TI\B 

lERlTArUE 

1>IF1LTR\ 

WE 

DESTRUC 

TIVF 

INDETEU 

VIl’^ATF 

2 

Ocarj 

XEm 



+ 



11 

Tonsil 

XRo 






32 

Bones 

XEaj 


+ 




35 

Stom ich 

Autopsc 






39 1 

Lung 

i X Rac 1 


+ 




•10 

Lung 

XRaj 






■13 

Breast 

XRaj 


+ 




45 

Stomach 

XRay 


+ 




60 

Lung 

XRaj 


+ 




83 

Breast 

Autopsy 



+ 



87 

Adenoear 








cinom i of 








kiduej 

X Rav 


+ 




98 

Lung 

Autopsy 







pictvue pioducecl by bone maiiow metastasis, inaA be atumnted foi by tbe in- 
\asion ot a fireat extent of tbe inaiioM bi the advancing neoplasm with oi 
without maiked osteoplasia 

Von Pietklinghausen'” accepted the mechanical inteipietation of the effect 
oi metastasis on the maiiow He believed that theie was bi ought about ob- 
stiuction to the venules and latei laiuei vessels causing a lupostatie congestion 
and actue congestion ot the bone mairow, which in tniii led to stimulation ot 
the maiiow elements 

Schnioil and Oxhanseii'" adopted a biologic inteipretation believing that 
tin changes bi ought about in the mariow weie inainh due to the specific oi 
biologic ieactivit> ot the inaiiow Zadek and Sonnenfeld-’ believe that both 
mechanical and biologic elements must be tactois in an explanation ot the le- 
actuitc of the bone mariow in caicinosis ot the bone niaiiow' In the study ot 
tliiee cases ot piostatic caicinonia thev concluded that thee could dilteientiate 
licmatologicaUj betw een the tw o groups ot inai i ow ramnosis Thee summaiized 
then hndings in osteoplastic caicinoma as tollows Secondaic anemia, leucopeuia, 
relatue hinphoc \ tosis, occasional uoimoblast, the pictme on the x-iav him was 
dial icteiistu The osteoclastic blood inctuie they descubed as follows noi- 
inoblastmiu, leucocctosis, wutli calling glades ot nucleai shiit and lelatne 
Kinphoci topein i 

It c.in leatliU be seen in the light ot this stude that then conclusions weie 
unw ,111 anted, because ,is has been shown toui definite gioups based on the 
blood pictme can be distinguished depending cithci on the effect ot tbe malig- 
nant subst,iuce tunu the piiinaic oi mct.ist.itic tocus upon tbe bone maiiow oi 
on tin nuchamcul effect ot the picsmce ot an inliltiating mass coinprcnnisin''- 
nut destiOMiig bone maiiow substance The jiictuie descubed b\ Zadek and 
Soimcnfekl .is due onh to maikcd osteopl istu changts could lust as well be 
pioducid b\ changis otbei than those pudoininantlc osteoplastic Similai 
blood piLtuus as dieuU pointid out can be pioducecl b\ am lesion wliicli 
exirts .m mlilti nui or disliuctiM effect on the marrow Wcbci and Bodd 
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lepoit a ease ot piost.itic caitinoina In peicliioiuic aneinia, leucoej tosis, 
maiked noimoblasteinia, nn cloc\ tosis, in Aihich aiitopsi levealed inaiked osteo 
plastic changes, tlius again negating the behet ot Zadek and younenteld-'' that 
osteoplastic bone nuuiow metastasis can be diagnosticated iiematologicalh bj 
leucopenia, lelatnc 1 a mphoci tosis with occasional normoblast 

COMMLNT 

The diagnosis ot mahgnanc\ may be suspected oi coiioboiated hcmato- 
logiealh, not bj an} one paiticulai finding, but by a combination of findings, a 
constellation ot hematologn tacts as it neic The bleeding time is onl} Aen 
laitl} piolouged, usiialh less tiian 1 minute The coagulation time is AMtlim 
iioimal hunts The platelits aic noimal oi increased Au increase evplaius the 
tiequent occuiieiice ot iionmahgiiant thiombosis m malignancy The touiiiicpiet 
test is laiely positiA’o The tiagiiit} test shows no signifacant changes 

LeueocA tosis is picsmt in appio\imatelA tA\o thuds ot the cases and is as- 
sociated AAith asegmentopenia In 85 pei cent ot the cases picsentuig leucocAdosis 
43 pei cent ot these aie associated A\ith nentiopluha Of the lattei, 95 pei cent 
aie associated with an aneosiuopoiua Asigmentopeiua and aiieosmopema, 
tlieiefoie, go hand in hand 

The led cells show <t sliglitl} depiessed toiint in two-tlmds of the eases a 
maikcdh depiessed count in oue-ciglith and iioimal oi inci eased Aahics lu one- 
fitth Thcie IS iieACi a count ot less than one million in the absence ot hemoi- 
ihdge Changes in led coll moipholog} aie couspunons by then absence, the 
most tiequent hndiiig being aiioihiomasia (52 pti cent ot the eases) The least 
frequent changes aie maciocA tosis, noiinoblastcnua and polAcliiomasia 

No mattei Iioaa complete the CAidence ot mahgiianiA nniA be on hematologic 
gi omuls, a most unpoitant taetoi in diagnosis still lemauis that is the clinical 
pictiue of the patient as detci mined bi the InstoiA and plnsical examination ot 
the patient Expeiiciicc teaches that the blood jnctuie ot mahgnancA maA be 
simulated in othei conditions such as Hodgkin’s disease scAcie diabetes and 
diabetic coma, scAOie nephntis oi incipient iiiemia caidiac decompensation and 
caicliae asthma 

A pi actual point AAoith} ot note is the fact tliat a leucopenia is associated 
A\ith metastasis iii oaci halt the cases Thus giA'en a case ot mahguanc} Avheie 
opeiatiA'e mteixention is being considcied a leucopenia taAOis metastasis and 
the patient maA' theiefoie, be spaied luineeessaiA snigical inteiAentiou, oi the 
bin den ot x lay oi ladium tlieiapA 


SUAIAI \K\ 

1 One hundred pioAed cases of mahguancA weie studied heniatologicall} 
and Aveie AieAved fiom a clinicohematologic aspect 

2 Blood pictuies Aveie classified into foiu distinct gioups and one inde- 
terminate gioup accouling to definite hematologic constellations 

3 Metastasis in bone maiioAi was discussed tiom an anatomic, pathologic, 
and hematologic A'lewqiomt 

4 Hematologic data maj be used to diagnose cases piesenting stimulatne 
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nomnetastatic blood pjctiucs This is possible in onc-tlnul of all the cases of 
malignano Moie iiecpient studies may even lead to eaihei recognition ofc 
malignancy and coiiseiiuentlj open up oppoituuitics toi gieatei theiapeiitic 
possibilities 

5 Presence ot metastasis iiiaj be diagnosed long beioie clinical manifesta- 
tions are present and may spaic the patient opiiative iisk oi unnecessaiy 
tieatment 

6 Une\plaiued leucocctosis may be ascnbed to malignancy and the lattei 
consideied, especially if associated nith asegineiitopcnid and aneosmopenia 

Grateful acknoulcdfcuient is duo Dr Ata\ Lcdercr aiitl Dr Silik H Polajes, for their 
helpful suggestions in the preparation of the manuscript 
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THE ACID KE&POXSE OP THE STOMACH TO TEST :\rEALS OF 
PEOTEIN PAT, AXD CAKBOHYDEATE" 


WnuvM II B\hro\\, MD, S^n Dilgo, Cvlik 

'HE iCcittiou ot %anoub paits ot tlie gastiointestinal tiact to dittereut loods 
has been a teitile held toi imcstif'atioiv toi manj \eai 3 In spite ot this 
oui conceptions ot the bioiliemistic imohcd arc \a"ue and imceitain, being 
too ottcu based on pieconctivod ideas on conclusions diawu iiom results ob 
tamed fiom inexact methods oi on cxpeiiinental uoik uhieh has disiegaided 
ceitain vaiiablcs 

Eehfiiss Hank and Bciiflieim’ earned on, o\ei scccial jeais, an exliaustue 
investigation into the einptjing tune ot the stomach and the acid response of 
tin stomach to ail tipes .md caiieties ot foods The chait sliown heieuitli, 
Cliait I uhieh is based on the upoit ot these hndmgs, indicates that the emptj- 
ing time ot the stomach Mitli a gnen food xaiics as the aeiditj ot the gastiic 
contents c\ith that same food 

Hoetzel,- uho did 2 000 aspirations on hniisclt studied the cftect ot tasting 
on the gastne aciditi and tollowed tins bj a stiuh ot gastiic leactioii to meat, 
egg and Acgetablc piotein He concluded that these pioducts tolloumg a pciiod 
ot fasting, loueied the aciditj ot the gastiic contents 

The difiicultc in diauing exact conclusions iiom mmh ot tlie uoik tliat has 
been done lies m tlie tact that ue aie in each ease dealing uith a mixtuie ot uu- 
Iviioun piopoitions ot tood ingested and gastiic jiuce and tliat in no case uas 
an> allouance made toi the buftei value ot tlie test meal Thus although one 
can sac that the Ph ot the aspiiated contents canes enth ceitam foods, it is 
a tallacc to speak ot tiie acid lespouse ot the stomach without taking these 
tactois into consideiatioii Giaham and Emeij^ studied the peimaneut oi pio 
longed icactiou ot various iiaits ot the intestinal tiact ot the dog to tour dit- 
fexent diets Then dogs weie ted one ot the following diets ovci a peuod of 
several weeks normal diet ot meat and biead, a piotem diet ot meat onh i 
caibohj'diate diet ot biead oiilj, and a tat diet consisting ot laid with an allow- 
ance ot biead to piecent acidosis These dogs weie killed twentc four houis attei 
a feeding in order to i echice to a minimum the chemical i eaetion m the food itself, 
and the gut was innnediateh tied oft at clifteicut lecels The contents of each 
section weie then examined toi then hjdiogen-iou concentration The con- 
tents weie tound to be less acid the fmthei they were fiom the pc loins, but the 
difteience in Ph was in no instance gieatei than 17 Theie was no ecidence 
that the vaiiation in diet influenced the Pu of the tiact secretion 

Essentiallj the same lesults were lepoited b 3 " Grajzell and Miller ^ except 
that some of then dogs weie ted a laehitic diet and these animals lesponded with 
a somew'hat less acid ic<ietion ot the intestmai secietioii 

•Received for publication Xo> ember 19 1931 
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Dean’ exaiiunod the contents ot the teiuiuial ileum on dogs with fistulas 
and on a dog with an anastomosis ot the ileum to the anus Attei a high fat 
meal the aveiage Pu "‘is 7 42, attei a high piotein meal ( 86, aftei a high 
caibohvdiate meal 7 42, and aftei a diet ot whole milk 7 8b Although not in 
accoid with othei investigatois who found the intestinal contents of the dog to 
be umtoimlj acid, it is woithv ot note that again in this investigation theie 
IS no evidence that the kind of food eaten ladically affects the 1 u ot the contents 
of the intestinal tiact 



Chart — Emptying t\m^ of stomach (.dark tircics and soiid line) 
uasti Ic contents (light circles and dotted line) with \anous test meals 
rcpoitcd by Rehfuss Ha\\ k and Borgheim 


and acidity of 
From figures 


Keoently Bloomfu'ld and his collaboiatois® have standaiized tlie deteuiuna- 
tioii ot the acid conteut ot the gastiic juice in lospoiise to an alcohol meal and 
to hist inline givui In podeimicalh B\ the use of pheiiolphthalciii as an in- 
dicatoi in the iiu.il it is possible to estimate exacth the dilution ot the aspiiatcd 
loiitints In tin meal and Lonseipienth to deteunim the aciditj ot the jiuic 
gistiK JUKI Piuthiimoie tin iiegatue buffei value ot the alcohol meal ehin- 
inites i soul Cl ot tuoi nivci taken into coiisuleiatioii in the old Evsald test 
meal oi sinul u methods With accuiate deteinunation ot the reaction ot the 
stoiuKh tluou-h Its acul seciiting ipparatns thus mule possible an elfoit has 
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been made to detummc the lebponse ot the stomach to the vaiious food clemcuts, 
uamely, fat, pioteiu, and caiboJijcliate Ceitam difficulties pieseuted thcm- 
sei\es ninth hate lesuited in iiij being able to lepoit on onlj a lelatuelj small 
senes yubjcets with essentially noiiual gastioiutestinal tiacts nho nould sub- 
mit to lepeated gastiic analyses neie not easy to fand, and inane ot the aiiahses 
made liad to be diseaided because ot pcisistent leguigitatioii ot bile in the 
coiuse ot tlie tests, indicatue ot a coiisecjuent dilution ot the gastiic contents 
nith intestiual sccietion Xeveithclcss theie aie lepoited heiewitli the lesults 
ot the gastiic analyses on twenty subjects using the test meals mentioned abocc 
The pioceduie tollowed nas a niodihc.ition ot the Blooniheld method ot 
gastiic analysis niUi the alcohol test meal nliicli was used as a compaiatue 
standaid A Rehtuss tube nas luscited and the tasting contents aspiiated 
With the tube still m place the test meal was mtioduced in the stomach thiough 
the tube b\ the use ot a huge syiiuge At httcen iiimute mtenals toi one hour 
the uhole gastiie contents neie aspirated, the .iiiiouiit noted a sample sa\ed 
toi evainination and the leniaindei letuined to the stomach A dcteriuiuation 
nas made on each sample ot the tice HCl and total acid estimated in degiees ot 
acidity nitli diametln lamino aaobenaol and phenolplitlialeni as mdicatois The 
piotcin meal was 30 c e ot a a pei cent (by weight) suspension ot die egg 
albumin in w.itei Deteiminations ot the piopoitiou ot the meal to puie gastiic 
juice in the aspiiated contents weie based on coloiimetiic leadings with 
phenolplitlialeni ot hiiown coneentiation in tJic meal and also b\ Esbach detei- 
niinatious on the tastiny (ontents on the test meal, and on the gastiic contents 
at inteicals aftci the iiitiodiiitiou ot the meal 

Tlie tat meal consisted ot 50 cc ot puie oJne oil borne difltieulty was en- 
countoied in completely emptcnig the stomach at each 15-mmute inteival be- 
cause ot the viscositv ot the oil but since my obsei cations weie clue^l^ concerned 
with tlie acid concent i at ion ot tlie gastiic seeictioii rathei than with the amount 
and since the aspiiated contents weic letuined to the stomach except foi the 
sample saved toi analysis this point is ot little significance Sepaiatioii ot the 
tat horn the gastiic sceietion was accomplished by the use ot capiilic acid to 
bleak up the emulsion and thus tlie piopoition ot meal to gastiic seeietiou was 
deteiniined by dneet leading As bctoie this collection was used in the titiation 
of the HCl and total acidity ot the aspiiated contents, so that the lepoited figuies 
indicate the acidity ot the piiie gastiic juice 

The eaibobcdiatc meal was 50 ec ot a 5 pei ceut glucose solution 
Plieiiolphthalem m solution (0 5 ec of a 1 pei cent solution) was added to the 
glucose solution toi the coloiimetiic detei minatiou ot the dilution of the gastiic 
seeietion bj" the meal Sugai determinations weie also made in seccial instances 
as a check on these leadings 

One ot the subjects on whom the gastiic auahses mentioned aboic weie 
being inn w'as given be mistake, a dunk of pineapple juiee seieial hoius befoie 
the test meal Since this was not discoeeied until attei the tube had been 
passed, and thinking that it might be of inteiest to see wbethei oi not it affected 
the acid i espouse ot the stomach, the gastiic contents weie aspiiated m the 
usual fashion and tliiown away, and the jiatient was then gnen a test meal of 
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olive oil This subject had showu au achioihydiia in lesiioiise to meals ol 
glucose, egg albumin, and alcohol, although with histamine he had a hydio- 
chloric acid lesponse that was about normal It was suipiisiiig to note that in 
lesponse to the meal ot olive oil given attei the ingestion ot the pineapple juice, 
the hydiochloiic acid leadings in the samples aspiiated weie also about normal 
Because of these findings pineapple juice uas added to the test meals on sub- 
jects examined from that time on Analyses of canned pineapple juice aie 
submitted heiewith, and it is to be supposed that any increased acid response in 
the stomach following the use of this fiuit juice as a test meal, is due to the 
citiie acid present 



Chart II — Subject No 2 AolU response of the stomach in degrees of total acid m response 
to meals of albumin alcohol tat and glucose 


Analysts 

Vnsiotete led Pineapple Juice 
(National Canuers Laborator\ — 2/12/31) 


Total Solids (70° C in 

Vacuo) 

12 39 

Total Sugars — as iii.ert 


9 97 

Total Aciditj — as citric 

acid 

1 17 

Protein (N\ C 25) 


34 

Ether extract 


56 

Ash 


40 


In estimating the total aciditj attei a tiuit juice test meal, allowance was, 
ot comse, made toi the citiic acid piesent in the meal so that as betoie the 
leading given indicates the total aciditi oh piue gastiic juice Two elmits aie 
shown mdicatiug m two subjects the response ot the stomach to the various 
mc.ds muitioned abocc The fiist subject (C'liait II) lecened test meals ot 
dbumvu akohol glucose, and lat, nid although the lange of acidity was not 
gicit lumch 40aigiees tlie acid i espouse was as indicated namelj , the <Teat- 
ist liom albumin and the hast tiom tit The othei subject whose findings a\e 
di utca liLUwith (Chait III) was the one who icoeutil the tiiut juice m mroi 
Ihedcgut ol Kulitc loi the tit meal toll., wing tin timt juice ..mld be Had in 
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teiniis ot IIGi onij the dilution with the aeid fiiiit jiiite being an unknown 
qiiantiti These leadings aie lepiescnted the dotted hue The solid hue 
lepiescnts the estimated piobable total atiditj 

Chait lY gives tin tompositt euiies ot all analises on all subjects In 
oidei to diaw auc definite conclusion tioin such a letoid each subject should 
ha\e leceived the same test meals, but legurgitation ot bile oi the unw'ilhugness 
ot the patient to pioceed with this sciies ot tests, oi his dischaige fiom hospital, 
inteiteied with the complete couise being lun in each case The mimbci ot 
tests included in each ot the ciu\<s gi\en dilteis XecertheUss these analcses 
are all tiom the same gioup ot sublets eaeh subject had two oi moie. test 
meals and the composite cunes nia\, theiitoie be taken to be indicatne ot the 
geneial chaiactei ot the cunts ot a huger and nioie complete set of analjses 



Chait III — Subject No C Acid response of stomach to \anous test meals and to 

hist inline (Sec tcM ) 

The point will possiblj be laised that the aeid i espouse ot the stomach 
might call tiom da> to dac legaidlcss of the type of meal used It has been 
definitely showm, however® that the acid response of the stomach to a standaid 
test meal is a leiA constant tactoi not ouh fiom dac to da’i but o%er a long 
peiiod of time 

It w'lll be noted on this chait (Chait IV) that the gieatest aeid i espouse ot 
the stomach was obtained bj the use of histamine This of coiuse is m aceoid 
with previous lepoits® Albumin injected into the stomach was the nest most 
active, with pineapple juice, glucose, fat and alcohol coming as next most ae 
tive m the oidei named It will be noted, howecei, that the gieatest difteienee 
in degiees ot aciditA wuth anv ot the test meals excluding alcohol was less than 
30, and at the end of one lioui when the last sample was talceu was less than 15 

These findings would seem to be m accoid with the lepoits of the acid 
lesponse of the othei paits of the intestinal tiact lefeiied to eailier, namely, 
that the eliaiactei of the tood ingested does not mateiially affect the acid re- 
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sponse ot the stouiacli It is possible that tiom the piactical and clinical point 
ot Mew the findings as chaited might indicate that tat Mould be less apt to 
aggraiate a hj pticliloihjdiia than Mould ani othei ot the tood elements 
mtioduced, and comeisely that tiuit 3uice and albumin might be indi- 
cated in hypochloihvdiia Sansuni advocated the use of the citrus fruits in 
hypoehlorhi diia,” but theie is no lecoid that thcie MCie an'\ gastiic analjses 
done to shoM that this theiapeutic legime Mould in any Maj' affect the acid 
lesponse of the stomach iloieovei tiom the clinical point ot vieM the C|uestion 
must be raised as to Mhethei theie aie any subjective symptoms trom hypo- 
chlorhydiia oi hj pmchloiliydiia pei sc, oi M’hethei, gianting that theie are 
such sjTnptoms, anj difteience in the composition of the diet Mith lespeet to its 
albumin, fat, glucose, or acid content coidd be gieat enough to change the in- 



Chart IV — Composite cur\es showing acid response of stomach in response to 
\anous test meals and to histamine on all subjects The total number of subjects studied 
uas t\\cnt> The number of test meals included in each cuiNe is indicated by the figures 
at the right 


tcnsitj ot these sjmptoms It Mould seem at least from the findings lepoited 
heiCMith that the plnsical composition of the food might be of moie impoitance 
than its chemical composition 


sc M 11 \K1 


PicMous uucstigations do not dofiuiteh indicate that time is ani factor 
that Mill affect the acid i espouse ot the stomach other than the effect ot laiious 
tist meals on the eniptMiig time ot the stomach the degice ot aciditj bciii"- 
guatist Mith foods mIiicIi au letaiiicd longest in the stomach 

KxpMiinenlal woik on dogs shoMs that theie is no ccidence that caiiation 
m dm, oi the kind ol test meals gnen ladicalh affects the P,, ot the secretion 
ol the sin dl intestnus 

Ihis lepoit coceis Hit lesults ot gistric aiialcscs obtained attei test meals 
Utpioteiu fat aiuUaibolnehatc in the touu e.t egg albumin, oluc oil -ducose 

and ot trvut juiee Tin is, i s of the figures obtained tiom all aiiahses in- 




1100 


raJE JOUIfX'Vf Ot I \B0KVlOIt\ A^D CrtMCAB MLDIUXE 


dicate that tlieie js a slight diftcieuce m tJie i espouse ot the stomach to these 
vaiious iood elements, but that the difteieuce is not gieat enough to be of anj 
theoietical significance, oi piaetical impoitance These findings aie in accord 
i\ith the icpoits ot findings picMoush mentioned on the eftect of diet on other 
parts ol the iirtestinal tract 
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THE LEUCOCYTES IN SURGICAL CONDITIONS* 
A Study of 275 Cases 


II P MiicrR, ilD RockIslwd Iin 


T he calnable intorm.ition in piosrnosib gi\cu bj tlu St lulling' hemogram as 
compared to the older Eliilidi difteiential count is pointed out in lecent con- 
tributions bv Reznikoft,- Weiss," Boies,^ Alden," and Deilotte, Goodale' and 
others The eailiei teacbiiig was that a high total count nith a low poly- 
morphonircleai peieentage caiiietl a good piognosis, wheieas a low total coimt 
with a high poljTnoiphomrolear count indicated a moie seiious outlook The 
Sehilluig heraogiam method considers, in addition, the morphologic caiiations in 
the polymoiphonucleais and ot the two othei gieat s 3 'stenis of leucoej’tes, the 
mononueleais and hmphoeites Sabin" has made deal the inteiielationship of 
this floating supplj’’ ot leucoe 3 des to the bone man on organ The pm pose of this 
stndi IS to tabulate the findings in 273 suigieal eases and attempt to eon elate the 
leucocytic picture with the clinical condition 

The first senes consisted ot 213 cases studied bi the Ehrlich diffeiential 
count The piopoition of total count to polYmoiphonneleais is espiessed bi the 
Gibson® Hides, shown in Chart 1 

*Recehed for publication October JJ 1*)31 



TUI L.FUCOCV 11 S IN SURGICA) CONDlllONS 


1101 


Cases ale gioviped into tliiee classes The uiuiifected gioup includes hemoi- 
ihoids, heimas, eluomc appendicitis, and pelvic lepan opeiations A second 
gioup ot model atelj intected cases consists of furuncles, supeificial infections, 
incomplete aboitions, acute cataiilial appendicitis and acute suppuiative salpin- 
gitis A thud gioup IS made up ot acute gangrenous appendicitis 


T \ncE I 

SUMMlnY M 213 SUBOICAC CASES STUDIED "WiTn Totac Coust and Ehruch Bifeeeentiai, 


1 

TOT\L ■WUIfE rOU'CT 

POI A MOHPnONUCDEAKS 

GIBSON 1NPE\ 

PI \G SO 

^0SIS CASKS 

UNDER 10- 11- AliOVE 

10,000 15,000 20,000 20,000 

BECOW 60 70 SO 00 

60 70 so 90 100 

i 

KUO ms PER CENT 

PORTION PORTION PORTION 

1 ATF AIE ATE 

Cle in 

Cases 112 

1 68 37 7 

1 1 

j 21 61 26 4 - 

104 8 90 

Moderate 
Infections 72 

U 24 25 9 

1 16 37 16 2 

62 10 72 

Severe 

Infections 29 

1 9 9 10 

7 20 2 

16 13 54 



C 1 — Gibson fetatnlard chart Tfen thousand %vhUc cfeUs and !*> pfer cent po\yinor- 

PhonuUcirs irt taken as the base line Increabe of one In the polymonihonuclear count should 
bo accompanied b\ i proportional increase of one thousand in total count An increase of 
Polymorphonuclears out of proportion to the totvl count will cause the line depicting the count 
to slant upward I ich dlMslon abo\e horizontal is called a plus unit Alinus units are pro 
‘luced the line sHnting downward to the right 


It one studies the distiibutions m Table I theie is seen to be a definite tend- 
encs to inci easing total count and inci easing pohmoiphoiiucleai count as the 
seiiousness of the infection inti eases Also, with inci easing seiiousness of in- 
fection the noimal piopoition ot total count to pol> moi phonuclears decreases 
from 90 pei cent in the clean cases to 54 pei cent in the acute gaiigienous 
appendicitis 

In the ‘Schilling lounts 3 to 5 pci cent ot staff cells is considered noimal 
It iielj up to 1 pel CLiit ot jineniles may occui, making six immatures the uppei 
limit ot nouml In colds supcifRial intcctions and gastro intestinal upsets an 
mcreasL ol one to two cells mis oi mu not occm In inlcctions of modeiate 
gride, 10 to 15 pu cuit immitnic-, maj be found Seseie oi oseiwhelmin" in- 
liclions mu show 25 to 50 pci cent ° 
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Tabie ir 

SCJMM \R\ OV 62 Suioicvu C\SLS> ScUDltD Wn’Ii Sfllll UNO IlbMOOrVM AND GiBSON iNDEi 
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27 

1) 

82 

yaukiAte IiiftctioHs 

1 16 

1 s 

\ 

aoYc 

> 

7 

1 

> 70 

St\ere Infectious 

i 16 

1 i 

30% 

1- 

0 

13 

31 


Table II contains a ^.econd seiies oi 62 eases in nliieli the Schilling count 
was done m addition to noting the piopoitiou between total count and poK- 
nioiphonucleais In tolunui two the uiuntected cases, 100 pei cent aie jnopoi- 
tionate, m niodeiate cases SO pei cent, and lu se\eie inieetions ontv 16 pei cent 
Paialleluig these tacts, the munatuie count is within noimal hiiuts ot 6 mi 80 pei 
cent ot the clean cases, in 70 jiei cent ol the niodeiate intections, and 31 pel cent 
ot the seveie intections The ticnd is to incicasing dispiopoitiou and au inciease 
111 iniinatnies as piognosis becomes moic seiious 


Tviice ni 

tNvENSts Ol 20 Cisis Ol AeiENDtctrts is Relction to Imjivture Cells \nd Disi uopoi tios 
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2 

> 

10 

Acute Gangienous Appcndicitib 

11 3 

s 
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In Table III, twents cases ot appendicitis aie giouped The lesults show a 
lathei wide laiiation, and in the indnidual case, tlie beniogiain would legune 
coiisideiable luteipietatiou and judgment The niaiked mdn’idual saiiatiou 
einpbasi/es the point that the whole hemogiani must be studied, piefeiablj, m 
seiial counts In acute gangienous appendicitis wlieie opeiatioii is done immedi- 
ately' and onh one hemogiani made, ail paits ot the kiuootic pietme nnist he 
consideied to asoid being led astiay 

Table H' 

CvsE A B Acute Suppukitiie Silpinoitis 


DVT OP 
COUNT 

TEMP 

TOTVD 
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D 
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nr 
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02 

0 
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Verj sick 
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101 2 
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Much improved 
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The use ol lepeated counts in obseiving the piogiess of an infection is shown 
in Table IV The high total count with polymoiphonucleais inci eased to plus 
five units of dispiopoition indicates a seveie infection Othei paits of the hemo 
glam aie eonfii niatoi > , namely, absence of eosmophiles and ineiease in immatiue 
cells to eleven Succeeding counts paiallel the clinical impiovement with a fall 
in the total count and polymoiphonucleais, leappeaiance and use of eosmophiles, 
fall of imniatuies, use ot monocites and gradual letiiin of the fTibson index 
from plus fii e to minus se\ en 

COMMnN i 

The lepoits ot cases in the liteiatuie showing high inimatuie counts deal 
with conditions attended by seveie toxemia wlieie theie is poweiful stimulation 
ot the leueocjtic oigans Pneumonia, acute meningitis, acute mastoiditis, and 
sniiis thioinbosis aie examples .Sucli toxic states do not occiii in aveiage acuti 
abdominal conditions except m neglected cases oi cases in extiemis Uninfected 
eases, ot comse, hate no definite inciease ot immatures The value to the gen- 
eial suigeon, theiefoie, lies m a thoiough undeistanding ot the blood pictuie, to 
be able to interpiet and weave into the clinical pietuie variations of a few' cells 
Oui experience in this veiy small numbei of cases would lead us to believe 
that a slight dispioportion between total count and polymoiphonucleais will 
often piove of value in turning the shade of opinion in the diagnosis of acute 
surgical conditions befoie the condition has advanced to the point wheie an m 
ciease in immatuie cells commences to show Menniiigei and Heim’s® study of 
1945 cases suppoit this view The immediate value wall depend on the surgeon’s 
detailed undeistanding of the mteiplay of the white cells gained fiom expeiience 
in applying the knowledge to individual cases Routine postopeiative counts aie 
valuable m following the eouise of seiiously ill cases and obseiving complications 
in clean cases 

CONCLUSIONS 

1 In 231 suigical cases studied with the Ehilioh diffeiential count and Gib- 
son index the total count and poh moi phonucleai s tend to inciease with the 
seventy of infection Theie is a dispiopoitionate inciease ot polymoiphonu- 
eleais to total count m the seieie cases 

2 In sixty one eases studied bi the Schilling method the immature cells aie 
found to inci ease watli sei lousness ot the condition 

3 Theie is a w'lde indnidual \aiiation in the Gibson index and Schilling 
hemogiam All paits of the leucocctie pictuie should be consideied in inteipie 
tatioii, and w'heie time allows, seiml hemogiams aie muth moie valuable in 
establishing the tiend than a single count 
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THE ACTION OP AVERTIN OX VOL[ XTARY AND 
NOXVOLl XTARY ^ICSCLB^ 


.1 A WvDDRlL BA, MD, Ch \RI OlliSVlU E, V\ 


A YBRTIX was s\ uthctized bj AYillstattei aud Diuisbuig‘ ui 1923 aud mAOS- 
tjgated iihdimacoIogicalB a few teats la tet b\ Eichholt/- Shoith tlteie- 
aftei as E 107, it was placed on tiial at se\ei d Get man elmies a numbei of 
wliidt lepoited then obset\atioiis as to its eftects on tnau at the Chningen ICon- 
giess of 1927^ In the scant fi\e Acais which ha\e elapsed since, hundieJs ot 
papeis, clinical and evpenmental hate appealed, dealing ivith tanons phases 
of its action A ie\iew ol the existing hteiatme tiom the anesthetist s stand 
point was made bt Lnuch^ in 1929 and a inoie complete snmmaiv was jnibbshecl 
by iViischuIta, ct al in 1930 

riie ding, as is ivell knowm, is coiiunonlA admimstcied lectaUi as i basic 
anesthetic It lapidlj penotiates the inucons membiaucs of the lowei bowel, 
clisappeaiing completch within about fitteen minutes “ Its sojoiun in the bodA', 
piobablA' m conjugated toun, is acia lasting, as is eAideiieed bA' the piolonged 
anesthetic eftect ot one aud one halt hovus," bA its enduimg analgesic action ot 
OACi twTiitj-foui horn’s,® and the taidA excietion ot the piodiiets ot its decom- 
position ® "With the laige closes aaIiicIi aie employed (SO to 150 mg pei kg), 
the tension oi the chug m the blood stieam uses to i high lecel, the maxiranni 
being aceoiding to Siebening’” ni iioin tAventy to thiitA nunutes 

PoIioAvmg the adininistiatioii ot aAcitin, theie liaAe been lepoited distuib 
aiices in the lowei boAvcl and letentiou ot uiine leudciing catheteiizatioii neees- 
saiA’’“ It has been obseiied iii animal e.vpeinnents that initially, on lectal 
adnunistiation theie inaA^ be eftoits at expulsion, but that these eftoits subside 
eimu befoie analgesia is in eAidence The aboie aie suggestne of a depiessaut 
effect being pioduced loeallA on the leetum and SA'stemieallA on the bladdei 
and haAe piompted this iiwestigatioii ot its action on musculatiue m geneial 

EXPERIAIEXTU PKOOEOUI.LS 

The aieitin (tiibi om-ethAl alcohol) used in this lepoit aass the piuc ciAstal- 
line substance — not aAeitm-fluid, which contains annlene hydinte It was 
piepaied fiom the lattei bA eAapoiation in the daik at 20° C , lepeateclh 

*From the Pharmacological Laborato*\ of the Department of Medicine Uniiersit' 
of fQj. publication >.o\ ember IS 1S31 
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1 iiiPfl The lou", gldsby civ&tals thus obtained 
" ::;;r “ --a e.c.nee .eteuca. 

>:r :r‘L 

their intended use Aecoaiiip , Rinaei’s, oi Tyi ode’s solutions 

employed, the solvents iveie so foi’ excised, imineised tissues to 1 10 

The langes ot dilution yie tacihtate dissolving, the 

for diiect application to mucoi 5 ,ol\ent at 40° C until a fine 

ciystals weie triturated with poi required strength and the 

suspension was tempeiatuie until thoioughly dis- 

tho.ou.h,y ,hauen, .as h.ou.ht ,a the wo,h.a, 

temperatme and letamed '** *" investigated Ot the 

Both voluntaiv and gastrocnemius, abdominal 

ioimer gioup, there weie exa stomach, small and large 

oblique and lectus, and sai and heart All the usual kinds of 

intestines, uterus bladder, uietm , 

laboratory duig w^ie studied on the above tissues in 

and guinea pigs The efteots ot tt . 

the intaet animal as wel as - ,,, be presented 

employed were necessarily diffeient lor tire seieim 

along with the experimental data 

rXPl BiMEM VL PAT\ 

The expeiimental data can best be piesented under captions appropriate 
to the land of muscle dealt with oi the specific 

will fuithei be subdivided according to the seieial methods of applyiir,. 

^“;:dal: Muscle -The effect of aieitin on freshlv excised voluntary 
muscle was tried on the gastrocnemius, saitoiius, and abdominal 
oblique, using frogs, cats, and rats, and on the in situ muscle, us.n^g 
spinae and calf groups of frogs and rats The drug was dissolved in Kinder s 
solution for the coldblooded tissue and in 0 9 per cent sodium chloride or, in 
special cases, sodium chloride ot a stiength slightly stioiigei or weaker than 

0 9 pel cent 

a Excised Sldetal Miccle The nhole muscle, or strips cut from it, nas 
suspended in a small lesenoii oi the saline connected foi a diiect lecei tracing, 
and hghth weighted Its tone incl lesponsueness to clectiieal stimulation 
(minimal shock, induced ciiirent) neie rcuuded Then accitin dissohcd in 
the sime saline n is idded sufhcieut to make the clcsiied dilution, oi the tissue 
was ti ansi eii eel to another leseicoii containing the desiied stiength ot cling 
Piituiilu attention was gi\en to changes in tone, iriitabditc , and contiactilitj 
Bftccts wcie obtniud with i oncentiations ot aceitin laiiging tiom 1 400 
to 1 40 In all < ises tlieie w is i slioitcniug and iii mcicised fiimncvs in pio- 
poition to the conccnti ition ot the drug 1\ ith the liighei stieiigtlis, this was 
I dehnile iigoi iiul leseinbhd iloscU the pbenoincnon produced b\ apphing 
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ihloiotoun (luecth to <i iiui'icle With toncentialions beIo\\ 1 100 the effects 
could be abolished and icpiodiiced icpeatcdK In altcinateli immeising the 
tissue in s<dine and aicitin-salmt, but nith stien-iths aboie 1 pei cent, it was 
piogiessneh nioie difficult to lestoic the iiiiti d condition, while with 1 40 the 
shoiteiuug bciaine nia\ini<d within a lew seconds and was not ieiiio\able The 
lllltablllt^ to eleitiieal stinuilation was not appieiiabli alteied In 1 100 and 
low'd concentiations but was ni.akcdh dccuascd In higlici, no lesponses being 
obtainable aitei the nia\iin.d shmtciiiiig had been leached w'lth a 1 40 solution 
The contlact^Ilt^ w,is little afficted e\en b\ the highest conccntiations, i e, the 
apex ot the ninsile cui\e leniained on about tin same hoiuontal line lloweiei, 
the tiacing w<is otlieiwise alteicd in two notable icspects (1) tlie latent peiiod 
was lengthened and (2'l lel.ix.ition was let.iided and incoiiiplete, so that the 
tissue laded to lelax to the Icnel at wliicli the coiitiaction staiteci As a lesult, 



Fig: 3 — Slioi of \oIuiUar\ niu^cU ittei a\oriin XbUoinin*!! iectus> (rxt e\i-ise<i 
nniiKTsed 7 e) sshowing, sliorUniUo produced b\ 0 o pt.r ttiU solution of i\ertin the ertect 
of faubmixlm il stunulaiinn md ou rtmovlnp the drugr 


when two stimuli wcie applied at a shoit intenal apait a staiiwa\-lilvc giaph 
was piodneed 

While the phenomena weie esseiitialh alike attci .ill stiengths ot aieitin 
a moil detailed stiuh was dexoted to those below 1 200 with <i xiew to luling 
out iiossible changes in osmotic tension Thus baths wue used \aixnig not 
onh 111 the eoiicentiatioii ol axeitin but also m that ot the salts Vaiious 
stiengths ot the ding weie tued out in noimal saline ni liall iioinial, in twice 
noiiiial and in thiee-toui’tlis noimal and the zesults weie checked against saline 
ot the same concentiation It m<i\ be noted tliat the osmotic tension ot axeitin 
IS low in coiiipaiisou witli that ot sodium chloiide — piobabh about 1/SO so 
that 1 pel lent axeitiu in 0 OS pei cent sodium chloiide is appioximateh' equna 
lent to 1 pii cent sodium chloiide In the stiengths eiiiploxed axeitin does not 
appieciabh altei the osmotic picssuie ot salines The suit ice tension ot the 
salines is, howcnei maikcdh i educed, and the effects noted aboxe max be m 
pait ittiibutable to this, since tlie alteiation in osmotic tension does not operate 
The phenomena lesemble xxatei-iigoi In tins connection it max be also noted 
that axel tin is an actixe liemohdic agent 1 pei cent solutions m 1 pei cent 
sodium chloiide laking led blood cells almost as lapidlx as does distilled w itei 
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h In i,itu Sheleldl l/iuc/e, the ihiuj hetu<j applied diietlbj Ileie the diug 
was ailiiiiuistei ed injection into the adjjtent Ivinph 'ijc oi into the suiiound- 
nig subcutaneous tissue The eiectoi spinac gvoup in iiogs and the thigh and 
calt muscles in tiogs and lats wcie studied the eftective coiicentiations and 
the lesulting phenomena weie almost ideutieal with those obsened in the case 
of the excised tissue The slioitening ot the iniiscles was exidenced by a 
postuie chdiacteiistic toi the pait atteeted, loi instance, opisthotonos attei 
nijection into the doisai hmph sac and toe-diop on injection into the calt of 
the leg Attei concentiations ot 1 200, the slioitening ot the muscle was redu- 
cable bj the subcutaneous injection ot normal saline One per rent and higher 
pioduced a ngoi which could not be letluced bj the injection of fluids, in fact, 
m the case ot lats tollowing injection ot tlie calt, the leg lemained flexed and 
palpably fnraei and the lameness persisted foi 24 honis oi moie Piogs that 



Fig 2 — ToecliYjp after inpiication of a\ertin to the leg Calt miHclev (fiog jji situ 
subcutaneous) shouing extension of the ankle proclutetl by 1 per cent solution ol a\ertin and 
the effect of submaximal stimulation of the nerve 


had leeeived sublethal doses iisualh recoveied then abilitr to flex ventially 
w ithin 24 hoiii s 

c In situ Skeletal MusrU the ding being admini^tteied intiavenoushj oi 
lectalbj The effect ot absoibed aveitiii on \olimtaiy muscle was examined on 
the leg muscles ot the tiog and the lat The toimei weio pithed, the lattei, 
unesthetued with arartal Tin aiiangement of tin expeiiments was as follows 
The knee and ankle weie fixid br passing pegs tlnougb the lespective joints, 
tlu foot was flexid and coiiiucted with a lecording lerei weighted jiist suffi- 
cKiitlr to desLiibc a hoii/ontal line Then the ding was injected into the rential 
binpli s.ie ot tiogs ( 10 mg as a 1 pii cent solution m Ttingei s fluid pei 30 gm 
amiiud) and into the tenunal rein ot lats (100 mg as a 1 pei cent solution in 
O') fiei rent sodium rliioiirU pri kg 1 oi into the icrtum (200 ing as a 2 pei cent 
soluUoii m distilled watci pei kg f A morluati lerhietion m tout was obseired 
m liogs when tlu spinal cold was intart but with tlu toid distiored piioi to 
the ulmmistiation time was no drncasi in lone ot the iiuisihs which mar be 
ittnbutcd to the toiieles-siu ss tollow mg spinal intliiiig Rats exhibited a dec least 
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in tone botJi aftei iect<il and intiavcuous initction , this i\as gieatei after the 
lutiaveuous A\hith may liaAC been diu to tiic tension ot the diii”' IwMiii' been 
laised inoic lapully The lelaxation A\as gieatei than attei the inJialatioii oi 
etJiei but muth less tlian attei ililoioloini In this connection, it may be noted 
that othei obseneis, using difteient methods, lune stated that aveitin sjs 
temicallv efiects a iciavition (omnieiisuiatc \nth that attei ehloiotoim 

~ A.Ii)}iciitu) II Fxut — The seceial paits ot the allmontal^ tiaet examined 
A\oie the stomach, duodenum, lolon and lectuni Uotli excised segments and m 
situ oigans ueie studied Tlie expeiimental .inmials ciiijilo^^ed ueie c<tts, rab 
bits, dogs and lats 

« /iVciAcd Scfimcnii, Fieslih excised segments and stiips tiom lecentlj 
dead animals xveie suspended accoiding to the ilagmis method'' and immersed 
111 Tyiode’s solution On application ot axeitin all paits ot the digestive tract 


Wls 

* /.VOo#.# \ 
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rig: 3 — BelaNatloii of the Intestine after i\ertin Duodenum (rat e\cised immersed 
37“ C ) 'ihowinfe loss of tone ind decre ise in rhjUimic actiMtj produced bj 1 10 000 solution 
of ueitin and also the actions of piioc indue itropinc und cpinephnnt 


exliibited deciease m tone, amplitude ot contiaction ,iud ihxthmicitj, m piopor- 
tion to the coucentiation ot the diug Effects xseie obseited attei 1 3000, these 
xceie maiked attei 1 1500, aud all actmh was abolished aftei 1 300 Ee- 
moval ot the dnig was followed bx jiiompt rteoveiy ot activity Piloeaipiue, 
ati opine, epineplume, and baiium pioduced then usual effects ecen lu the 
piescuce ot aieitiu though these w cue fpiantitativelx i educed Pilocatpuie and 
baiium W'eie antagonistic to aceitin aud xice xeisa Atiopine does not pieient 
the action ot aveitin, but, as is also tine ot cpiuepliiiue it angiuents the depies 
sive effects on the alnnentai > ti act 

i) In sif)i Oxjam, ihc dnio hciny applied duetthj The paits ot the tract 
examiucd heie were the stomach and leetinn the dog aud cat being eiuploved 
Balloons connected with leeoidiug tamboins'^ xceie inserted in the oigaii These 
weie then inflated w itli an, so is to inodeiatelv distend the xiseus A stomach or 
lectal, tube was nitiodiiLed along beside the balloon to tacihtate the admiuistia- 
tiou ot the ding, its uinei extiemitc being placed pia\imul distal, oi midway, 
lelative to the balloon The i espouses to axeitin weie in eveix particulai like 
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those lepoited above toi the CAciscd tissue, i e , the tone, amplitude, and ihythm 
veie deeieased by all coneeiitiations Pollo\smg the moectioii of a 21 pei cent 
solution, the usual coucentiatioii employed in man to pioduce basic anesthesia, 
there nas a total abolition ot all activity, the viscus becoming mdely dilated 
vith an absence ot all contiactions In a ten expei inients, nlicie hungei con- 
tractions weie being lecoidcd, it nas noted that such neie allayed by the intro- 
duction of V per cent solutions into the stomach It i\as fiirthei obseiced that 
the immediate effect of a i octal in)ectioii was an effoit at expulsion of the diug a 
leflev effect due to the chemical iintation which is opeiative betore the diug has 
penetrated to the musciilatiiie , but aftei a fen seconds these effoits subsided. 



FiS 4 — Deprebsion of the stomach after averlin Stomach (cat in situ balloon recora), 
showing: the effect 100 mg per kg: administered through a stomach tube The small waies 
Mhlch come Into eiidence as the depression progresses are respirator} 



rig 5 — Depression of tin rectum after aeertm Pectum (cat in situ baitoon record) show- 
ing the effect of a 1 100 solution of aeeitin administered through a rectal tube 


altei ninth theie nas oceasionalh an imohiiitdii coiding due to the lelaxed 
state ot the canal 

c In 5ih( Otquns, ihc (hug being iidministei ed inti avenouslg oi lecfalUj 
Tin btomach and loctum ot cats and labbits nere iniestigated Balloons ncre 
luseitid in the oigans and the same method ot letoulmg nas emplojed as in the 
abo\e nheie the diug nas mtioductd duceth into the oigaii Heie, honeaer 
the inimal nas lighth amstluti/id nith amctal (iO mg poi kg, mtiaperitone- 
alh) and the iiceitiu nas adiminstiied mtunenousU toi the obsenatiou of its 
effcLts on the stomach and uctum and uttallj toi those on the stomach alone 
11 k plKuomena pioduced neie so alike thosi obsemed on the excised tissue and 
ittii ihuct appluatiou to tin in situ oigm tint detailed consideiation nould be 
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hmcllj 11101 c tlinii a lopotitioii ol wJuit mas stilted cibo^c In bi let, the lectiiin 
e\liibited diLiiMscd actnit^ attei 100 iii" jki hyr , intiiuenoush , the stoinaeli, 
an initial iiiLiease in aetixitj, \ci\ tiansient lollowed bi a deciease attei 
100 mg pel kg , intia\enoush, and attei 200 mg pei kg icetalh It is as noted 
above that pilocaipine and baiiiim aniagoni/e aieitiii on the excised muscle ot 



Pjf, G — Dtpie‘'Slon ot tlie rtctuiti ixeitiii Recinin (cit in :ritu b illoon record) sshow 

nife the tfftct of 100 In^, «if ixcrcin jhi Kt, ulniinistt red i>uri\enousl> 



Fit 7 — Inlti il 'itimulatiou of the vtonneh uitli subsequent depie'^sjon ifter a\ertjn 
Stomach and rectum (cat in situ simultaneous balloon records) show a transient initial 
''timulation of the stum itii and deprc'*sion oi the slomath ind rectum produced b^ -JUO mg ot 
a\ertin per kg administered intratenousH 

the digestive tiact, and it mai be obseived lieie that caibon dioxide smulailv 
antagoni7es in the intact animal, as was denionstiated bv the inhalation ot the 
gas or its accumulation dining aspl^’xia 

3 Uietei Fieshlv excised uieteis of cats pigs, and calves weie stiipped 
of then connective tissue and examined using suspended sections toi obseiva- 
tions on changes m ihv'thm and wliolc oigans ioi alteiatioiis in passage of fluids 
The luetei ot the pig pioved to be the most active 

a Su<tpende(l Picpaiotioiis These sections weie suspended and ai ranged 
foi a dnect levei tiaeing, as was done m the case ot the ahmentaiv tiact The 
immeision fluid was Eingei ’s solution containing 1 gm ot sodnim bieaibonate 
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pel litei, it having boon dotciniiiied that actiMtv was best e\hibited and vitality 
V as longest maintained in tins lathei than m Tvi ode’s solution Only actively 
contiactiug piepaiatioiis ot the tissue weie einplo>ed On changing the bath to 
one containing aseitin dissolvid in the same Ringei-soda solution, the tissue 
almost immediateU became iimcscent with eonccntiations as low as 1 2000, 



Fife S — Relaxation of the uieter after avertin Uretei (pig excised immeised iT’C), 
sUoninfc decreased activity produced by a 1 1000 solution of ivertin, and recovery on withdraw- 
ing the drug 



tion of uertln iNo int i^ouisiii b\ hiiium tW.m.lc ‘ Prouueeu i>> a 1 1,00 iolu- 


w luic ones of 1 tOOO pi oduti d di < i eased actn its The initial state ot tiie tissue 
M IS ustoud b% a thaiim' ot the huh to the ongmal saline 

b P<i/«ved PniMuatwtts Cannulas ncie mstited lu the extiemities of 
n .0 e uichi. md putusion was canitd on in actoulance Mith the method of 
li ittnci, \\ light , 111(1 Billow >' tin outflow being lecoidcd with i rli 
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thiough the hicliicA extiemitj ot the iiietei, A\as 1 pei cent sodium chloiidc con- 
taining 1 gm ot sodinin bicaibonate pei litci With this solution, the oigaii e\ 
hibited ihjthmie tontiaetions and a peiiodic iiuiease and deciease m outflow 
Aieitin, 1 1500 and 1 1000 in the above salt-soda solution pioduced an ni- 
eiease in the outfloiv, ivhith now became legulai These changes weie pie 
suniablj due to the iiieit, tubelike state eflected m the passageway, as maj be 
deduced tiom the action ol aAcitin on the suspended uietei Retuiu to the 
initial peitusate, was tollowed b> a decrease in the flow, but the iliAthmic actmti 
was not lestoied Pilocaipiue and baiiiim chloiide antagonized the eftects oi 
aceitin, both on the peitused and immeiscd nieteis 

i Ui iiiai It Bladdci As in the case ot olliei oigans expeiiments weie pci- 
toimcd on the evcised and intact niinai^ bladdei The ding was applied to the 
excised oigan diiectlj and thiough the blood stuain 



Fig 10 — Relaxation of tlie bladder after a\eitin Bladder (cat in situ balloon record) 
showing the suppression ot actl\It> produced by 100 ing ol iveitin administered inti-ixenousb 
also intagonism by pilocarpine 


a Excised Scctiom, Stiips fi om the bladdei weie suspended and immeiscd 
as w'as done in the ease ot the paits ot the digestne tiact Tci ode’s solution 
w'as used in the bath, oiih actne piepaiations ot the tissue weie employed On 
application ot aveitin, depiessne eftccts weie exhibited similai to those obseived 
on the intestine, i e, tone, amplitude and ihj thmicitj'^ weie deeieased with 
w eak sti engths (1 2000) and all actiiiti was abolished aftei stioug (1 800) 

Z) In situ Oigan, the ding being applied diieitJg to the mucous memhiane 
The lesiilts heie coiiesponded with those lepoited toi the immeised sections 
c In situ Oigan the diug being adnuiiistei ed iiiti aienoiisly Cats weie 
given am 3 dal sufficient to pioduce the degiee ot basic anesthesia and whiffs of 
etliei w'ere supplemented as iiecessan dining the opeiatne piocediiies An in- 
cision was made just aboie the symphysis pubis, a balloon coiiiieeted with a tani- 
boiii Avas inseited m the bladdei , .mcl the wounds in the mslus and bodj' wall 
weie siituied The balloon was then modeiatelj distended and the tiaemg be- 
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gun Within a fei\ minutes, iliytlnnie coutiactions and tone changes were in 
endence, on nhich weie supeiimposed lespiiatoiy and pulse naves Aveitm 
(50 mg pel kg, intia\enousl 5 ) dimimslied the tone and tonus naves without 
appietiably aftectiug the ihjthm The lespuatoiy naves became more marked, 
piobably due to the loweiing of the tension in the balloon following the deciease 
in tone of the i iscus ^Vftei 100 mg pei kg , there n as a cessation of all activity 
Tlie oigan was completely iela\ed, but could still be evcited by parasympathetic 
stimulants (pilocaipine) and muscle stimulants (baiiuni), though doses larger 
than usual were leciuued 

5 Utous The same general lines of eMmnmentation nere earned out in 
the case of the uteius as in that ot the pieeedmg tissues and organs Cats, dogs, 
rats, and guinea pigs n ei e employed 

a Excised Segments Sections from the various uteri nere suspended and 



Pig: 11 — Depression o£ the uterus after avertin Uterus (rat e\c!sea immersed 
37” C ) showing decrease in tone produced by 1 10 000 solution of avertin and nuiesoence by 
1 1500 also recot erv on removing the drug 


immersed m Tjrode’s solution and the same pioceduies weie instituted as in the 
case of the excised intestine The oigan proved to be very icactive to aveitm, 
effects being m evidence after dilutions as low as 1 3000 These nonsisted in a 
reduction in tone, height of conti action, and rhythmicity Strengths of 1 800 
piocluced complete quiescence Washing the ding out, after a few minutes con- 
tact, restoied the tissue to its initial actmtj, lathei tardily however following 
the high coiicentiations 

h In situ Otfjan, the diucj heing adnumstoed inti avenoushj Eats were 
emploved lieu* The animals neie liglith anesthetized nitli amytal and given 
V luffs of ethei during the operatne pioceduies The abdomen was opened -uitli 
scissois and its edges were laisid so as to foini a cuplikc receptacle, which was 
filled csith plnsiologie saline at bodj temperature The vaginal extiemitj of 
the oigan was immobilized be means of a pointed rod fixed to a stand and the 
osau.in end was attached to a iccoidiiig lexei be means of a hook and thread 
The lattii was passed aiouiid a pullej-wheel so that the oigan could be main- 
tained appioxmiafeh in a hoii/ontal position Cate was exenised thiougliout 
not to distuib the position oi eirculation of the contents of tlie abdominal cacit'i 
W ith tin above annngdmnt the lat s uUius ustialh exhibits active movements 
lonsistmg m ihvthmn coutiactions and modeiate but iriegular changes m tone’ 
Aveitm, ulmnusteud intiavenouslv pioduced a decrease m activUv fust of 
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the tone, tlien ot the amplitude and late ot coiitiaction Dobes ot liO to 200 mg 
Aseie tollowed be fiuiescciice, cshile those ot 50 to 75 mg pei kg weie usualh 
onlj mildly depiessaiit 

6 Heait Tliiet kinds of evpoiiments neie peifoimed with the heait 
muscle, (a) stiips tiom the centiiele wcie immeised (b) c\Liscd heaits were 



riff 12 — Deere ise In uterine icti\it\ -rfter i\i.rUn "Lteius trat in ■•itu Ie\er record), 
siiowinff decrease in tone ind contractions pioduced l>i 100 niff ot a\ertin administered intra 
\enousiy The small wa\es ire respiratoij 



Fig 13- — Depression of tiie heart after aaeitin Heait (turtle excised perfused apical rei 
ord) showing deciease in sj stole and diastole ind slower rh\tlm produced bi axertin 


peifiised and (c) in situ heaits weio tieated tluoimh the noimal blood stieaiu 
Tuitles, dogs, and lats weie used 

a immosed Stiips of the Vent note These weie cut fiom the heait of die 
tuitle and immeised m Riugeis solution contamiug 1 gm ot sodium bieaibonate 
pel litei Aftei legulaiity in eouti actions had been lecoidcd a^eltln dissolved 
in the same saline was applied This piodueed the same pictuie of depiessiou 
noted foi othei tissues Solutions ot 1 2500 deci eased the actmty , those ot 
1 1500 produced quiescence In both eases it was possible to icstoie the tissue 
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m tone, amplitude, and late by u ashing out the duig The same lesults ueie 
obtained at 30° C as at lOom tempeiatuie 

b Pc) fused Ecmts The heaits ot turtles sreie perfused with Rmgei’s 
solution, einplojiiig a method pieviouslv deseiibed The peifnsate was ad- 
mitted thiough the \ena cava, the peitusion piessuie Mas maintained constant, 
the letoid uas taken fioni the apex ot tlic veiitiicle Aftei the caidiac activity 
had betoxiie uiiifoim, avertui dissolied in Ringei’s solution Mas admitted The 
efEects ohserv'ed MCie the same as iii the case of the excised strips The organ in 
the peifusioii expeiiments M'as, bower ei, a little moie reactive, in that now 
1 3000 depressed and 1 2000 produced quiescence Both auricle and ventiicle 
rreie aftected, block rvas nerer m evidence Resuscitation M'as xeadily effected 
by pei fusion rrith Ringer’s solution and by administering epinephrine Theic 
Mas not shown the increase in force, pieceding the depiession, which has been 
desciibed foi the rabbit’s heart by Paisoiis® 



Fit 11— Cardiac deprtision alter aterltn Heart (rat m situ apical record) showing de- 
crease in pulse \olume produced bj atertin lOP tne Per Kg administered intratenousK 


c In Situ Ueaiis, the (h h(j heiwj adiiinusfci ed mtiaueiiously These expeii- 
incnts weie of two kinds (I) ones poitoimed on lats spccificallr foi the eaidiae 
effects, and (II) ones on dogs done in the roinse of a studv ot the changes in 
blood piessuic 

7 Rat’s Ilraits Amrtal was administcied to lats in quantity sufficient 
fill basic aneslbcsia, wbiffs ot ptbei rreic supplemented dm mg the opeiative 
pioccdiues cmnula was mseited m the tdiioial rein, aitificial lespaatiou 
was mstituttd, and the ipex ot tin bent was exposed tluongh a small window 
.md connected with a lecoidnig bvti Aftei lumoiihage had been controlled, 
a tew ct ot noimal saline win inpttcd into the rein to make good the loss of 
blood dm mg tin pupaiatum ot the animal Caie was obsened to maintain 
the bodr t.mpii itme With tin abor. tochmc the lat s heait is an excellent 
obiict ioi sitidr Th. intiaronous admmisti atmn of less than 100 im- ner k- 
piodiKcd M.) appunaWe .ffiU but those ot 200 mg per kg, rrlml, is'less than 
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the anesthetic dose toi lats, luaikedlj leduced the pulse \oIume bj decieasiug 
both systole and diastole Theic ueie not exhibited the pieliimnaiy ciuickeniug 
deseiibed by Paisons^ noi the initial diastolic depiessiou ot *\iishultz and 
Specht - 

II Bog’s Ilciuts Dogs Yeie anesthetized with amjtal and ethei or with 
uioiphine and ethei A cannula was inseited m the temoial \eni and a lectal 
tube was seemed in position so that eithei the ^CIlOllS oi leetal loute ot ad- 
imnistiation could be eiu 2 Jlo>ed without distuibing the annual The pulse and 
blood piessme tiaeings weie taken lioin the caiotid, all obseiiations being made 
undei uuifoim depths ot anesthesia No eaidiac changes weie obsened attei 
lectal doses ot as nuieh tis dOO iiig pei kg, uoi attci JoO mg pei kg bw vein, if 
aduiiinsteied leiy slowly It ni.iy be noted that dogs are highly lesistaut to 



rig- 15 — Depression of irtcrnl muscle after Cirotid (sheep e.\clsed spirils 

immersed 37° C ) showing relasatlon produced bj a 1 1000 solution of a\ertin and the 
antagonistic efttct of 1 1 000 000 solution of epinephrine 

aieitin, the leetal dose toi basic anesthesia being about aOO mg pei kir and tlie 
intiaveuous about 150 mg pei kg- Howcvei a 100 mg dose pei cem gnen 
lapidh 01 two 100 mg doses at 15 minutes ajiait piodueed a slight deeiease in 
the pulse tolunie, tollowed b\ a coiiesiiondiiig t.ill in tlie blood piessme The 
heait leeoteied within tiom fittecn to twciitj minutes Fiiithei adnunistiation 
ot tlie ding intioduced complicating blood piessme changes, lendeiing inter- 
jnetatiou difficult fioin the standpoint ot tlie heait alone, hence, the eltccts ot 
inci easing the dosage will be dealt with in connection with the data on the cas 
eulai sjstem It luaj be noted lieie howe\ei that no dosage of a\ei tin employed 
alteied the caidiac cilect ot olectiieal stiimdatioii ot the cagiis neice and that 
pilocarpine, atiofiine, and einnephiiiie still iiioduced then usual actions on the 
heait 

r A/feiics The eftects of aieitin on the aiteiial sjstem weie investigated 
bj thiee methods, (a) on excised vessels, (b) on peitused tissues, and (c) on 
the intact animal 

(/ Excised A; tei ml N/i ips Spiials ot seveial eiicninteiences in length weie 
cut fiom the caiotids ot sheep Pi epai eel in this mannei, the tissue consists 
essentially ot eueidai fihei-s’“ These stiips weie then unmeised in oxvgenatcd 
Tyi ode’s solution at bodj tempeiatme and connected with a recoiding levei as 
m the case ot the intestine The level was weighted loi ten iiiinntes to effect 
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cletiedse in tone, attei wlucli the ^^elght^ng ^\a^> 5>o cicl 3 ustecl that a hoiizontal hne 
was lecoitletl Oa intiocluciug aveitin dissolved, in tlie same saline, the aiteiy 
exhibited a lelaxatiou, which was model ate and gi actual wuth 1 2000, but pro- 
toiiiid and sudden aftei 1 1000 The foinui could be countei acted by epine- 
plniiie 1 1,000,000, the lattei by 1 500,000 Even washing alone lestoied the 
tissue aftei the lowei coneenti ations of aveitiii, so that the eftect could be pio 
duced and lenioved sevoial times in succession Atcoidingly, it does not appeal 
that the diug inflicted any damage outlasting its sojourn in the arterial xvall 
& Pe) fused Yessels Yiog's lesseJs weie pei fused with Bingei ’s solution 
bj the Piiehnei method,*'’ the outflow being leeoided xvith a drop countei of the 
kind employed with the uietei Aftei adjustments had been made so as to se- 
cure a uiiifoim late of peifusion, axeitin 1 2000 in Ringer’s solution xvas intro- 



rig If) — Vabodllatatlon after a\ertm Vesstyls (frogs boc^^ perfused 20 C ) showing 
mcreihid latL of peifusion producul b\ i 1 solution rf i\ertui and T.ntagonism b\ 

tpintphnne 


dined The outflow' giadualh incieased, in some cases bx as much as 40 pei 
‘uit, doinoiisti itnm a maiked xasodilatation This could he aiitagonwed by epi 
luphiiuehut it was iiecessaix to eniplox massue doses In connection with these 
expeinneiits it is inteiesting to note that Pai sons'' peitusiiig the labbit’s Ic' 
noted a dec leased outflow while RaginsKx Boiune and Biiiaoi'^ lepoited an 
iinii'use in the eoionaix flow in then xxoik with heait lung piepaiations 

< hUmt Animals The blood piessuu tiaciiigs weie made in connection 
With the stueh ot the etieet ot axeitin on the hemit and the expoiimeutal pio- 
eidnies weu outlined m the piiagi iph deabiifr with that topic The icctal ad- 
miiiiMiation ot JflO nig pei kg of axeitin pioeUued no alteiation in the blood 
imssuu the same w is tiue tollowiiig 100 mg pei kg b\ xim A ndmittcel xei\ 
■'“wlx ,„(i ,,,.1 I j,,., s„hui„„ lunmal silmc But when mjeeted lapidlx 
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theie lias a “shock” cftcct ni -whith a dcciease iii iiulsc \olume piececled the fall 
in aiteiial piessiue, iecovei> ensued -rtithin a tei\ minutes Two slow lujeetions 
of 100 m" pel kg at fiiteen-nunnte inteivals, piodiiced a gradual diop in pics 
suie of 10 uini tiom M'hieh theie was lecoveiv in t\\ent> minutes The heart 
was seen to eontiibute, in that while the late was not changed the amplitude of 
the pulse was deei eased (the opposite to what would be the case when the %essels 
aie dilated) A thud dose now ot 100 mg pei kg was followed bj a gradual de- 
cline in piessuic, occasionally, e-ven to reio Death resulted in some cases tiom 
lespiiatoiy failiiie, in others, fiom ciieiiiatoic collapse, which was vascular, 
in that the hcait continued to pulsate attei the aiteiial piessuie had become 
zero 

The cpiestion ot the blood piessuie changes has leeened a gicat deal ot at- 
tention 111 liteiatiiie Bendei'" eoneliidcd tiom his expeiinients that thei were 
clue to deeiease in vasomotoi tone, Paisoiis,® that the\ w'eie caidiac, and Pa- 
ginskj , et al that the\ weie both eaidiac and i aseiilai The conclusions leaehed 
in my investigation aie that thee ma 3 ’’ be caidiac, vasciilai, oi eaidiocascnlar 
Difteient species diftei as to the siiseeptibilitj ot the seieial parts ot the ciiciila 
torj’- appaiatus to a^eitin, and difreicnt indmdiials ot the same species, prob- 
ablj’’ due to then health status, likewise Aai\ m then lesponsueuess, toi in- 
stance, well-iiomished animals and goitioiis patients toleiate laigei doses as a 
result of then inci eased poweis toi detoxicating the chug 

Othei obseivcis' have lepoitecl that epincphiine can lestoie the blood 
piessuie in an aieitin depiessed animal, this has been eonfiimed in m\ work — 
but laige doses aie iiecessaij in the intact animal as was also shown on the 
excised aiteiial stiips and in the pei fusion experiments Hence, the antagonism 
of epmephiine does not exclude the pieseiice ot a diiect depiession ot the lessel 
wall The tact that theie is depiession of the respiiatoic centei, which is the 
most usual cause ot death, suggests a depiession also ot the contiguous laso- 
motoi centei This is no doubt the piimaic factoi in some cases and onh a 
contiibiitoiv one in otlieis In tieatiug the comulsions pioduced bj* sti 3 chnme 
it w'as noted that aieitin pioduced a deeiease in blood piessuie eicii betoie the 
tetanic spasm was abolished and that it diininished the leflex etfect on blood 
piessuie following peiipheial stimulation iii aiuinals which hace lecened a close 
of stiyehume just uiidei the eoiniilsaut one These would seem to be instances 
ot a depression ot the letlexes which aie effective thiough the aasomotoi center 
It IS tenable, moieoA'ei, in new of the eftect of aveitin on the leflexes in general 

SUWilARX 

1 Expel inients hace been pieseiited showing that aceitin mauitests a defi- 
nite action on both vohintaij’^ and uomoluntaii muscle 

2 Applied directlj to voluntaij muscle it decreases the iiutabilitc and 
pioduces a iigoi-like iiheuomeiioii 

3 After absoiption into the blood stieani it does not affect skeletal muscle 
substance directly, but effects lelaxation thiough iieicoiis depression 

4 Aveitiii depi esses all kinds of nomoluntaii muscle both on diiect ap- 
plication and attei absoiption into the blood stieam 
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5 The depiefesant cftects m the intact animal aie e\hibited moie unifoxmly 
and more aeutelv on the bladdei, lectnin, and. uteius 

6 A\eitm does not qualitativelj altei the reactions of tissue to nene and 
muscle stimulants and depiessants 

CONCLUSIONS 

1 The iigox-bke effect of avextin on volxxntaxy muscle is a direct action and 
resembles watei rigor 

2 The depressant effects of aveitm on nonvoluntaiy muscle aie direct ac- 
tions, affecting the muscle substance 

3 The changes m blood pressuie may be due to depiession of the arterial 
muscle, the vasomotor eentei, oi the heait, or to a simultaneous depression of 
two or more of these 

4 No peimanent damage is produced m tissue even by high concentiations 
of avertin, resuscitation being prompt on witbdiawmg the drug 

I wish to eipreas my appreciation for tlie assistance rendered bj Ur D D Bi ame in the 
experiments on the stomach and the cardioi aseular systems 
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TUB COMPETENCY OP THE REHFl S& Tl BE AS A 
COilPLETE EVACL'ATOR** 


Edwakd F Sii\Lits ]\[ D , WD fuiOMi E Cook D .Sr Loii=;, ifo 

' j '^HE degiee ot efhciene\ ot the Rehliiss tube as to total gastiic aspiiatioii is 
still unsettled Usualh a small lesiduum is ot no impoitanee, but since the 
unaspiiated ciuantitv is not known and is \aiiable, cnoneous deductions could 
easil}' be obtained in nnestigatne pioceduies AVe lia\e endeaioied b\ means 
ot a sodium biomide solution and the \-iay to demonstiate the extent of failuie 
ot w’ltlidiawal ot the total gastiic content b\ tlic tube, and incidentlv to deteiiiiiiie 
it the use ot the lateial postine is inoie efficacious than the sittiii" one m gastiie 
evacuation 

The liteiatuie is ^el3 ineagei as to in\estigati\e eftoits in legaid to the 
usiduum attei aspiiation with the Rehluss t\pe ol tube howecei, most -vviitci-s 
appaieutlv beliecc this pioceduie adequate Sahli (Pottei)* letciimg to the old 
stvle tube with seveial openings at the louci end, states, ‘ Be use ot the special 
peitoiated stomach-tube i\e aic iiom able to expiess the contents ot the stomach 
completeh ” Rehluss, Beigeim and Hawk- in consideimg the lesiduum attei 
fasting, using the Rehtuss tube make this statement, The method ot examiiia 
tion b^ means ot the ne\s modihed stomach tube is the onh satistactoiy method 
ot deteimming the complete lesiduum ’ Reginald Pitz^ also expiesses confi 
deuce in the sulficienci ot the tube Theie is likewise little in the liteiatuie in 
legal d to the most tavoiable position of the siibiei t ioi obtaining the best lesiilts 
in gastiic evacuation Sahli (Pottei)^ states, “The food is usualh expelled bet- 
tei if the patient be in the light oi left lateial, lathei than in the sitting, 
postal e,” and tiiithei suggests the lollowmg mnnemeis, “The contents of the 
stomach aie now expiessod in the usual way, witli the patient hing on the lett 
side As soon as the flow has ceased the exaniinei giasps the patient In the 
shouldeis, shakes him well, and holds him ocei the lett side ot the bed oi table, 
still letaming the lett lateial postuie, and depi esses the head and tiunk until 
the external end ot the tube is low'ei than the cai clia oi the epigasti lum 

Rehtuss, Beigeim and HaAvk^ wiite, “bnffice it to sac that we aspiiate while 
the subject is on his back, on his stomach and on each side and is bieathing 
deeph ” Bloomfield and Iveetei* expiess the lollow'ing opinion, “Oui iinpies 
sion IS that by thoiough suction applied with subject on light and lett sides and 
in the cloisal position, all fiee fluid in the stomach can be w'lthdiawn ’ 

Befoie the use ot the bioinide solution a biead baked witli one tbinl baiiiim 
Avas tiled as a test meal, but the baiiiim sejiaiated fiom the biead dining diges 
tion and clung to the gastiie mucosa, giAiiig a shadoAv out ot piopoitioii to the 
actual quantity piesent HoAVCAei, 90 ec ot a 71 pei cent sodium bioniide solii- 

•Prom the Aledlcal Ser\i('e of the Jewish Hospital 
Recei\ed for public itioii October 1931 
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tion, injected into se\cial emptied tastini? stoniaclis, gave batistactoiy viay 
plates and was lathei easily iemo\ed on aspiiation 

T^\cnt^ appaieiith nouiwl patients, avIio weie not obese, weie sub 3 ected to 
the following pioceduie aspiiation ot the lasting stomach, withdiawal ol the 
tube, mastication ot oidinaiA’’ bicad, leinseition ol the tube, in]ection ot 90 cc 
of a pel cent sodium biomidc solution, the taking of an x-iay film, second 
aspiiation aftei about eight minutes, and taking ot a second film Eleven of 
these patients weie aspiiated in the sitting postuie and the othei nine in the two 
lateral positions as well In the lattei senes the tube was inseited up to the 
75 cm mark and the patient was turned on the light side, and it was giadually 
withdiawn to the 50 cm maik, w'lth suction applied constautl 5 ’', as the subject 



was turned fioin side to side This pioceduie ivas repeated until no tuithei gas 
tiic content was obtained 

Of the twenti patunts aspnated attci a meal ot biead and biomide solution 
as dcsLiibecl onh the stomachs ol two patients weie completeh emptj , but in 
none did we find ocei about 10 ( c In sixteen ot them onh about 5 c c ol lesidue 
lein lined md eleicn ol tin se sixteen showed c\cn less than 5 c c The use ot the 
latcial position dois not oftei an\ id\ intage o\ei the sitting postine, as the two 
gioups gue piactualh the same findings, m tact ceii shghth bettei lesults 
wile obtained when onh tin sitting postuic was used 

Foi tin j)ni])Osi ol (stimiting the amount ot sodium bromide solution m a 
stomuh b% nn ms ol tin x i n pitunts wtie giiin a UAing amounts ol the 
bioimd, suUition ittei ispnation ot the listing stomach In these speciallc 
scUitcd pdnnts wi beluAid that nn qiiintitA m cxciss ot G t c gate a d< finite 
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vray shadow Fig 1 shows a stomach attei the inoection ot 5 c c of a 7^ pei 
cent sodium biomide solution The laige an bubble in the cardia of the stomach 
lesulted fiom the injection of an neeessaiv to push the small quantity of fluid 
into the stomach Fig 2 illustiates a stomach attei biead was eaten and 90 e c 
ot the biomide solution was injected Pig 3 shows the same stomach after 
emptying 

SUMSIARl 

A lesiduum of only about 10 c t , the maximum amount found in any case, 
IS ordinal ily a negligible quantity, and when we consider that sixteen out of 
twenty had only about 5 e c and eleien of these even less than 5 c c , the efficiency 
of this pioeeduie foi clinical pin poses and foi piaetieally all investigative eSoits 
IS quite evident Unfoitunatelj , howevei, at the piesent time theie is no way of 
determining the degiee of completeness ot aspiiation after any of the food test 
meals The seemingly strange i esult ot being slightly moi e successful when only 
the sitting attitude was employed, can be explained when we considei the fact 
that the stomach ot one patient in the three positions was of the vertical type 
and very low Obviously in such a case the previous knowledge that the stomach 
was unusually low would have aided the chances of complete evacuation, as it 
would have been necessary to insert much moie than the usual length ot tube 
This patient had a residuum of about 10 e e Granting that it contained less 
than Sec, the most frequent finding, then the slight advantage would be with 
those in the lateral positions Since the lesults in the two groups are so close, it 
seems that the success of withdiawal of gastiie content depends on such tactors 
as the anatomic position of the stomach, spasm of the stomach (as mentioned by 
Bloomfield and Keefei'*), appiopiiate meal and effective suction apparatus, etc , 
lather than on the posture of the subject 


CONCLUSIOKS 

1 With caieful aspiration ot a biead and water meal the residuum in most 
cases will be less than 5 c c and not o\ei about 10 c c in any case 

2 There is no advantage in the use of the lateral posture in the lenioial of 
gastric content 
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ENTJMEKATION OF PARASiTKfe THE ELOOD OP 
^lALAlflAL PATIBVTS* 


AV\i iER C Eujlf, :si I) , Aiw Youk Oii\, vm> i Pi hl/, I) , Pokto Rtto 

OINTON* levK'us tlie metlioils A\huii li.nt been ustcl i^oi countiu" lualana 
^ paiasites m the blood and desciibes a nietliod ot liih o\\n lUneh appeals 
to haic been .idopted b\ most iincstij^atois making am attempt at emiiiieiatioii 
Altboiigb Jus method is piactieable and is adapted to held work, the pimeipJe 
ot the Tliomson metliod* ajiiieals to ns moze TJiis metliod leqiiues onli ti'o 
01 tliiee acaiiateh giadiiated pipettes, mJiilIi tan be used o\ei and ovei , no 
staiidaid suspension ot fowl cells is needed, a laigei amount ot blood cau be 
comementh examined in a shoitei time than bi otbei metliods, and in making 
the counts one is eiiiniieiatinir onli paiasites <iiid not toipnscles in addition, 
as IS the case when Smton’s methods aie used 

Tlie objections winch Majoi biiiton laiscs to Thomson s method aie logital 
but not difficult to oieicome The first objection, (a) “that a consideiable 
amount of skill is iiecessaiv in its use, and the aeeiuacj ot the technic mai be 
inteiteied with bj the diflieulties which attend the taking ot blood horn peisous 
uiidei tiopieal conditions, especialh in the case ot childien'’ applies to all 
methods, and it is no moie difficult to diaw blood to a definite iiiaik in one 
method than in aiiotliei Obiections “b” and ‘c,” leteiiiiig to the small calibei 
of the pipette eaii also be oceicome Oui expeiience has indicated that it is 
possible to examine appioxnuatelj cn mm ot blood in a thick film in about 
ten minutes the time we had been accustomed to haie technicians spend m 
snivel woik Jloie leeeiitli onh file minutes has been spent tlie time iieeessai i 
to examine cu nun of blood A pipette toi liandling that amount ot blood 
must have a small boie, but it was tonnd that o cu mm could be handled 
leij well in pipettes on the maiket which weie giadiiated in cubic nulliineteis 
In these the column length ot o cu mm ot blood is about 10 mm , or appio\i- 
iiiatelj the column length ot on mm of blood in the Thomson pipette The 
boie IS huge enough to peiniit easi entiance of the blood and lapid cleaning 
The pipettes as tound had too blunt a point to handle such a small amount ot 
blood Thei weie cut into small sections just long enough to handle 30 cu inni 
ot blood, and one end was diawn out to a fine point the opening of which 
would admit the finest wiie we had toi cleaning and still was huge enough 
to pel nut easj and lapid handlimr ot the blood and satistaitoii cleaning In 

'The studies ind obser\ itions on -nhich this mpti is h ised uere conducted under the 
auspices of the Internatioml Health Di\i--ion of the HocKefeller Found ition in cooperation with 
the Department of Health of Porto Rico 

Recened for publication Deceinbet a 19ul 
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IN PIOOD 01 AIVI VniAl PATIlN'lb 

1 t it u-is easily ttiovind down to a slendei 
ase the glass was too thick at the pomt^^^ ^ graduated to delivei 

wait on hue sand oi eiiuic-pape diawuig out the 

5 cii null at the tip, hut iisua > ,„aiks weie made with this as 

point was used as zeio, and o and 10 eii mm 

abase meielv a modification of Thomsons 

The method of using the pipette 

teehmt to accommodate j^^jJ'cu mm maik if duplicate smeais are 

up to the 5 cii mm maik (oi to t excessive amount of blood 

to be made) and without wiping the point unless an 



M EPiN - 2'4-3 

S.srr^L (of the d.sVr.bvHon) - ± 79 wdh V^end 

513W0. Cot the di»f«bot*on) = 1:32 w.thool- +rcnd 

fir l-DHf,rim o£ UupUcatc iRucocytt counts on tno blood smenrs 


l,a. stud. 10 .t on, sp.ends . 1,0 Mod ovo, on a.oa 1 b, 15 s.lua.c nlnd. 

which stains umtoimlj well with Gieinsa 

To facilitate as 


m oiu expel lence has giien a smeai 

The aica tan be vaiied howevei to suit one’s comenience 
umfoiin spieading as possible an aiea ot this sue is diawn on paper and the 
slide placed oiei the drawing One can t.isih cmei this area exactly by follow - 
im^ the diagiam nndeincath the glass slide The amount of blood is laige 
tuough to hi spieitl with the point of the pipette and when the area has been 
toccien the blood is blown out exactlj to the aeio maik It is felt that the 
saint amount ot blood will stuk to the point ot the pipette upon finisliiug as 
w IS prisent when begimuug The ust ot the blood can be used foi a thin film 
I'hc pipcUt cm be tleiiud be leputtilK diawmg m and blowing out clean 
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watei fiom a Luge eontamei The watei m this contamei tau be chauged 
as otten as iiecessai> The time lequiied toi the smeai to di\ depends upon 
the neathei The slide slioiild be kept as le\el as possible until at least 
coagulation takes place It A\as iclt at hist that the pipette should be diied 
with alcohol and ethei, but in piaetice it has been tound sufficient to nash it 
thoioughly AMth Avatei and to diaA\ the excess A\atcr out AVith the bieath In 
di awing up the next sample the pipette is uaslied bj the fiist poitiou of the 
blood colnmu so that the last poition ot blood diassn in is quite undiluted bA 
anj watei leniaimng on the side ot the pipette It is this last poition that is 
deliA'cied to the slide toi the counting, and the fiist poition lemams betiveen 
the ^ero inaik and the point ot the pipette It a jiipette becomes partiallj* or 
completely clogged it is placed in Asatei toi a tune and can be easih cleaned 
out Avith a wiie It has ncA'ei been netessaiA to use moie than two oi three 
pipettes 111 eomiiletiiig an examination ot 400 to 500 blood siiieais The pipette 
can be cleaned betoie the next suiaoa is staited With a little piactiee an 

TauLE I 

111 (I u vit Ll( iO( \Tb ( oi m-> on Two Blood Smi \ks 
Number ot Jcui.oijtos iii inli bind tlie width ot the microscopic held E\er-v hfth band was 

counted 


1 


\ 


li 


B 


1 

34 

27 

45 

59 

o 

124 

84 

120 

138 

3 

147 

105 

ISO 

178 

4 

159 

ICO 

199 

212 

o 

190 

211 

196 

182 

6 

210 

199 

1S4 

224 

7 

ISl 

188 

199 

184 

8 

175 

174 

233 

223 

9 

193 

201 

205 

203 

10 

203 

197 

212 

211 

11 

197 

192 

227 

197 

12 

222 

221 

209 

237 

13 

ISS 

184 

214 

261 

14 

252 

247 

194 

200 

15 

245 

259 

210 

250 

lb 

277 

294 

254 

260 

17 

248 

250 

245 

280 

IS 

260 

260 

265 

274 

19 

256 

270 

293 

323 

20 

261 

243 

302 

259 

21 

286 

270 

304 

274 

^2 

23 

288 

340 

321 

317 

294 

313 

306 

296 

24 

325 

345 

332 

323 

25 

316 

338 

334 

314 

20 

27 

361 

322 

306 

296 

320 

335 

350 

337 

28 

352 

354 

339 

341 

20 

30 

381 

363 

348 

345 

3)9 

277 

294 

275 

31 

267 

242 

190 

161 

32 

138 

109 

21 
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assistant can take the smears as lapicllj as the physician can examine indrvidnals 
foi enldiged spleen, which is satistactoij tune foi most suivey Moik 

Theie is the possibility that a few paiasites may be carried over fiom a 
heavilj infected blood sample to the next slide when the same pipette is used 
01 er and over again Hon ever, senes of tiio oi moie consecutive positives have 
not occurred moie often with this method than with those pievwusly used, and 
there have been numeious instances ivlieie the slide following one with high 
counts lias been negative 

The method of enumeration employed m our survey is that advocated 
bj Thomson A squaie field is necessary foi the counting A special eye- 
piece can be obtained m which the diapluagm has a sciuaie opening instead 
of the usual round one, oi an adequate substitute may be made by cutting a 
square hole in a circular piece of paper -which will fit into the ordinary eye- 
piece Too large a field makes counting of heavy infections difficult while if 
the hole is too small much time is consumed in the counting of light infections 
We usually have, therefoie, two sets of papei diapliiagms, one with a large 
hole for use m counting light infections and one with a small hole to be used 
when counting heavy infections Beginning at one end of the smear the 
observer counts aU the parasites found in contiguous fields as he moves from 
one side of the smeai to the other This gives the parasites in a band of the 
the smear the width of the microscopic field Poi loutme woik eveiy fifteenth 
such band acioss the smear is counted, and as 5 cu mm- of blood is taken, the 
number of parasites counted will be that in 1/15 of 5 cu mm , or in 1/3 cu mm 
oi blood If counts begin to inn very high, fewer bands are counted, but 
if a thorough seaich is to be made, as foi diagnosis, more bands can be examined 


Table II 


Duplicate Leucocvte Counts on the Savie Svievb 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

U 

13 

1C 

17 

is 

19 

20 
21 
22 
23 
2-1 


URST COUNT 


7,000 

7.700 
6,800 
6,100 

6.400 

9.200 
8,500 

9.600 
9,100 

10,000 

10,900 

10,000 

8,300 

9,100 

7.000 

19.200 

17.700 
18,300 

18.400 
3,200 

2.000 

2.600 
2,u00 
2,900 


SECOND COUNT 


6,400 

7.500 
6,400 
6,200 

5.500 

9,000 
8,800 

9.600 

9.900 

10,100 

11,500 

10.700 

9.000 
9,200 
8,100 

19.700 

18,900 

18.300 

17.300 

2.900 

2.500 

2.000 

2.600 

3,000 
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Tvule III 

LEUC00\'1E COUMi> ON UHLILVTE bAIt \Ii& 



HK'>T SMLVr 

SFLOND bMLAK 

1 

7,700 

7,900 


0,500 

5,600 

3 

5,500 

4,800 

4 

6,100 

5,700 

3 

5,900 

5,300 

0 

11,200 

11,500 

7 

4,000 

4,200 

8 

10,400 

11,000 

9 

9,100 

8,500 

10 

7,000 

5,400 

11 

5,200 

4,500 

12 

7, o 00 

5,700 

13 

8,100 

7,000 

14 

2,800 

2,500 

15 

5,000 

4,800 

16 

2,700 

2,600 

17 

b ,500 

0,000 

IS 

5,400 

0,300 

19 

3,900 

3,400 

20 

5,900 

6,800 

21 

6,800 

6,700 

22 

2,500 

1,300 
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Leucocyte Coints Comiaiied Wmi Those 

Oh IlEilOC \ rOMEThR 



DIRECT COINT 01 Cl ilM 

1 

9,300 

7,000 

O 

8,700 

9,000 

3 

10,300 

10,900 

4 

21,900 

19,200 

5 

3,800 

3,200 

6 

4 200 

0,700 

7 

8,300 

7,000 

8 

3,400 

2,000 

0 

4,300 

4,900 

10 

7,000 

0,200 

11 

4 900 

5,700 

12 

3,200 

3,300 


13 

14 

15 
10 
17 
IS 
10 
20 
21 
oo 

23 

24 

25 
20 

27 

28 

29 

30 

31 

32 

33 

34 


12,400 

2,800 

5.900 
7,800 
7,200 

5.400 

7.200 

2.900 
0,800 

4.200 

7.200 
4,500 

12,100 

7,000 

0,500 

1.900 

4.400 
6,700 
7,000 

6.200 
6,100 
7,200 


12.300 
3,700 
0,200 

5.900 
3,600 
0 500 
0,700 

1.900 

10.700 

6.500 
0,700 

5.800 

10,200 

8.500 

10,200 

1.400 

4.800 

6.300 

9.400 
4,000 

5.500 

7.700 
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With the ube ot the oblong smeai moie bands can be conveniently examined 
and thus anj unevenness in the outline of the snieai will be compensated for, 
though as a lule such a small amount of blood is found m the actual maigin 
that there is leij little eiioi 

It nia; happen at times that the slide is tilted slightly befoie it is diied, 
so that the blood inns a little to one end This is not a seiious mattei, foi 
the sradation in thickness horn one end to the othei is \eiy uiutoim, as is 


T IBLE V 

CoisTs or Pae isites Made os the Same Smeabs bi To o Mickoscopists 

rOTVL PAF SUITES PL! H MM 

NO MICPOSCOPIST NO 1 MICROSCOPIST NO 2 


1 


4 

5 

6 

7 

8 
9 

10 

11 

12 

la 

14 

15 
1C 

17 

18 

19 

20 
21 
22 
2i 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

.9 

40 

41 

42 
4 ’ 

44 

45 
4li 
47 
4S 
40 
50 


28,188 

56 

104 

6,298 

4,972 

3,360 

196 

316 

162 

8,124 

264 

o 

4 

0 

0 

10 

28 

16 

88 

14 

7,976 

1,110 

154 

22 

200 

002 

6 

110 

12 

86 

8 

840 
28 
10 
10 
8,004 
1,503 
74 
36 
93 
42 
12S 
234 
310 
582 
64 
20 
SO 
1 032 
4,47o 


48,048 

64 

56 

7,227 

5,962 

3,640 

182 

324 

162 

8,916 

298 

2 

6 


24 

0 

90 

38 

9,504 

1,628 

440 

4 

132 

360 

32 

154 

4 

96 

12 

948 


16 

7,108 

1,704 

92 

38 

156 

76 

108 

204 

460 

34S 

34 

10 

50 

3,512 

5.268 
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sliOMU 111 Table I and m the diagiain (Fig 1) of duplicate counts made on 
two bpccimcn' 5 , wheie the eutiie snieai Aias counted The \aiiation is about a 
stiaight hue and ot not too laige a maguitiide, this is shoiiu bi the small 
standaid deiiation as coiupaied ivith the \alue ot the mean attei the removal 
ot the tiend 

That it IS possible to make on the same smeai duplicate counts ot leucocj'tes 
■fthieh check closely is shoun bj the icsults ou 2-1 smeai s listed m Table II It 
is also possible to make counts ou duplicate smeai s tiom the same inchiidual 
which check, as shoun bj the lesults ot eNammatiou ot 22 duplicate smeai s 
(Table III) Fiualh thcie is as close a check iMth counts ot the hemocytometer 
as one geueiallv finds in Moik ot this uatuie, foi the leucocyte count caries 
eonsideiablj ocei shoit peiiods ot time (Table IV) Foi the piesent at least, 
theie is piobablj no need ot a more accurate method of enumerating malaria 
paiasites, toi the vaiiatious that ha\e been noted thus tar as aecompaujung 
ievei etc, aie mane times gieatei than anv vaiiation due to eriois in teehmc 

CONCIiUSIONS 

The mam disadvantages of the Thomson method ot enumciatiug malaria 
paiasites in the blood, as stated b\ Sinton, can be easily overcome 

The method is simplei than othei methods, makes possible the counting of 
paiasites in lightlj infected peisons, and can be used as an accurate diagnostic 
method as well because ot the laigei amount of blood easily acailable foi exam- 
ination 

The tjpe ot pipette hete desciibcd was used because it was already on the 
market for other purposes and was easilj adapted to oui needs 

The method has been used in several suicejs, and duplicate counts ha\e 
given results eompaiable to those foi leucocytes (Table V) 

KEFaiEVCES 

1 Siiiton, J A Methods for the Enumention of Parasites and Leucocytes m the Blood 

of Malarial Patients, Indian J M Research, 12 d41, 192-1 

2 Thomson, Da\id A New Blood Counting Pipette for Estimating the Xuuibcr of LcucocTtes 

and Blood Parasites per Cubic Millimeter, Ann Trop iled and P irasit 5 171, 

1911 12 



COOPER’S ilODIFICATION OF THE ZIEHL-NBELSON STAINING 
lilETHOD AS APPLIED TO TUBERCLE BACILLI IN TISSUE 

Douglas I^I Gay, M D , Nlu PIaven, Conn 


TN 1926 Coopei" repoited a simple modificatiou of the Ziehl-Neelson staining 
method for tubercle bacilli ivhieh, when applied to snieais of sputum, demon- 
strates many moie bacilli than the oidmaiy method does The method has since 
been adopted and used routinely in place of the Ziehl-Neelson method by a num- 
ber of laboi atones Since theie appears to be no report of its application to the 
staimng of tubercle bacilli m tissues, the follouing observations of a small num- 
ber of duplicate sections aie reported 

Carefully selected blocks of various human tuberculous tissues, fixed in 
Zenker’s fluid and embedded in paraffin, were sectioned Two consecutive sec- 
tions from a uniformly thin nbbon nere mounted from each block After re- 
moval of the paraffin in the usual manner , one slide of each pair was stained two 
hours or overnight in an incubator at 38° C with Ziehl s carbolfuchsin modified 
by the addition of 3 c e of a 10 per cent solution of sodium chloiide pei 100 c c 
of caibolfuchsni These slides veie then placed in an ice box for thirty minutes 
during which the stain was precipitated The other slides from each pair were 
stained two hours or overnight at 38° C rvith Ziehl s carbolfuchsin but without 
the addition of sodium chloride and without subsequent chilling in the ice box 
From this point the treatment ot both sets of slides was identical After wash- 
ing with tap Aiater the tissues were decolorized with 5 per cent nitric acid 
(sp gi 14) in 95 per cent alcohol for about one minute, folloued by another 
washing with tap water A mixtuie of methvlene blue and azure II was used 
ds counterstain This is the nuclear stain routinely employed in the MaUory 
phloMiie-methylene blue method and is prepared fiom two stock solutions, one 
a 1 pel cent aqueous solution of azure II and the other an aciueous solution of 
1 pci cent methylene blue and 1 per cent borax Poi use mix 1 pait azure II 
solution with 1 part boiax-methylcne blue solution and dilute with 18 parts of 
water The diluted stain should be used immediately as it does not keep The 
sections were staiued for ten minutes in the methylene blue azure II solution 
after which the slides were washed with water and differ entiated in 95 pei cent 
alcohol containing a drop of colophonium (lesin) nr xjlol Dehjdiation, clear- 
ing, and luounting weie cairied out iii the usual manner There w’eie thus a\ail- 
ablc 43 duplicate sections picpaied in parallel, the onh difference being in the 
c ubolhichsin stain and its method ot applitalion 

Foi coinpaiisou one oi nioie isolated tubercles containing 10 or more 
tubercle bacilli wcie selected in each section All the tubercle bacilli m the areas 
selected were couutcel b\ meins ot oil imnieisiou lens, No 10 Bauscli and Loinb 
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biiioeulai eyepieces, and luech.miLal stage Identical aieas in each pan ot sec- 
tions \v ei e examined 

Stuictiiial detail ot tlie tissue is equalh distinct with both sets of slides 
The blue nucleai stain does not diftei appieciablv in appeal ance iiom that ot 
sections piepaied bj the loutme phloxine-methv lene blue method in which tlie 
same mctbjlene blue-azine II mixtine is used Tlie acid alcoliol decoloiization 
leaves the ectoplasm light led in coloi The tubeicle bacilli stand out as blight 
led lods distmcth cleaiei and, as Cooper noted, with tewei hanliKe and beaded 
toinis when stained with the modihed caiboltuchsni Xo tioublesoiiie aitetacts 
weie encouuteied Fuitlu i obseivatioiis aie as toliows 

Nuinbei ot cases 43 

Numbei showing iiioie bacilli bj modified method 3 1 

Numbei showing moie baeilh b\ Ziehl-Neelson method 2 

Numbei showing appioxnnatelv equal numbeis ot bacilli 6 
Total numbei ot bacilli b\ modihcd method 4324 

Total numbei ot bacilli b\ Ziehl-Xeelson metliod 2875 

The hnclnigs ot one and tom -tenths times as maiij bacilli bj the modified 
method coi responds to Coopei s figure ot one and seven-tenths times as main ni 
sputum smeais using Loefllci’s methvleiie blue as coiinteistain Counter stains 
othei than the methj lene blue azure II reported here are undoubtedly applicable, 
but biilliant green is uot among these, since it is too readily removed from the 
tissue bj alcohol The oiilv advantage of the blue stain suggested is that it is 
a color witli which most pathologists aie accustomed 

SCitVlVltV ,VXD COXCLl SIGNS 

1 A method toi staining tubeicle bacilli in tissue is deseiibed, using 
Coopei ’s modification of caibolfuchsin 

2 The method difteis but slighth from that in common use aud demon- 
strates one and five-tenths times as mam bacilli 

3 The bacilli stand out as bright red solid rods against the bdckgioiind ot 
tissue m which stiuctuial detail is clearly defined 

RCPEKENCL 

1 Cooper, F B Modification of Ziehl Neelson Staining ilethod for Tubercle Bacilli, -Vrcli 
Path S. Lab Mod 2 3S2, mil. 



DETERillNATION OF Pu YALl Eb OP rRINB'' 


h F PiEKcr, Ph D , Carmei , Cai n , and Clara S Ricl, R N , Ban Diego Calu 


INIRODULHON 


TN A lecent aitiele, Piatt and bwaitouP discusb Ph detexnunation m loutme 
uiinalysis and make a btioiig plea toi intcgiitv in such woik Tins plea is 
extended to the clinieian that he stiike a happy medium between blind faith in 
loutine lepoits and absolute contempt tor leports tiom the most eaiefully con- 
trolled souice 

Some time betoie the appeaiance ot the papex above lefeiied to, we engaged 
upon an inx estigation ot the validity of colorimetiic deteimmation of Ph m 
routine mine specimens Pratt and Swaitout' state that there aie two eiiors 
eommonlv met, i e , actual Pn ehaiige on account of dilution and intiinsic alteia- 
tion ot indicator color by the color of a deeply tinted specimen They set toith 
that they have tound this last eiioi running as high as 0 -i unit They fuither- 
moie state that error due to dilution is less than 0 2 unit e\en with latios run- 
ning as high as 1 20 ilyeis and Muntwylei- are cited to the effect that color 
mietiic deteimmation ot Pn runs about 0 2 unit in eiioi due to the deteimma- 
tion being made at room lathei than body temperature, and that this might well 
be collected be subtiactmg this amount from the value commonly reported 


When we lecall one toim ot the eciuation of Nernst as Pn 


0 7177-0 00074: t-V-v 
0 0001983 T 


wlicie t IS the tempeiatuie ot the solution, V the measuied xoltage due to 
potential difterenee between the two electrodes, v a collection tactoi for the 
potential ot the calomel electiode, and T the absolute tempeiatuie, describes the 
condition ot the quinhydione electrode and the calomel lefeience electiode in 
terms ot hydiogen ion noimal, it is of course obvious that cvitli a higher tempeia- 
tuie and assuming it as the onh peimitted vanable, Pn must numeiically be a 
smaller number 

Piatt and bwaitout* tuithei state that inasmuch as the usual indicatois toi 
this purpose aie jellow on the acid side and the intimsic color ot the specimen is 
a xellow, that the tendeinc would be to show more acid than is actually the case, 
wink dilution on the other hand would tend to actuallv reduce hjdiogen ion 
concintiatiou or iii teuu'. ot Pu to gue a nnmencalU gieatei xaluc Thej defi- 
nitch state th it the condition is one ot compensating euois and that the lesults 
lommonh gotten au woith lau eiedcncc A critical studj ot the tmidamental 
eiimtion and p.utnulaiU its plotted cuiccs as met with so mam times in hte all 
the w i\ iiom the iiopiil.ition giowth ol a pan ot tiuit Hies in a milk bottle, to the 
he ding late ol v cut oi the giowth ot a human being iioiii the leitilued ovum to 
idult m iguitiicic , causes us to suspect the stint lalulitc ol such a statement 
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Any eui\e ol j = o'" tjpe which asj inptotieallj appi caches a limit tells us the 
stoiy that \aiiance niaj he slight uiulei middle conditions but consideiable as 
we appioach one oi the othei limit 

The inattei ol “salt eiioi ’ is well lecognized as a soiiice ot difficultv m 
coloiinietiic nieasm einent ot Pn and is Misely noted In iljcis and iluntivNlei ’ 
Howeiei we have liad occasion to watch loutinc piocedure in caiious eliiiieal 
laboiatoiies, both institutional and piivate, o\ti a peiiod ot jeais and the com- 
mon piocediue bj bettei noikeis is to make a natci dilution to compensate toi 
specimen color and then to add the indicatoi and match against standaid butter 
tubes The (piestioii otteu lose as to just \shat coii elation existed between 
coloi inieti le and elcctiomctiic lalues with the lesiilt that the piesent woik w'as 
staited 

LXPEKnIl-N 1 VI 

This compiises the lesults gamed bj examination ot one handled loutme 
specimens biought to a piivate clinical laboiatoiy foi exauuiiation The color- 
imetiic deteiimiiatioiis weie made with La Motte equipment, using distilled 
water ioi dilution The electiometiic measiuenients weie made with Leeds and 
Noitluup eciuipmeiit toi the qimdndioue electiode with a Claik tvpe satuiated 
calomel cell AH measiuenients weie made at 25° C both elect! ometne and 
coloumetiic The quinliydioue electiode was tiequeutlj checked against a 
standaid buftei of Pn==463 ±001 at 25° C and the variance was never 
more than 0 02 umt Fuithci this standaid buftei was cheeked bj the 
hjdiogen electiode aud tound to agree with the label speeifieatious Also, the 
calomel electrode was daily washed out with satmated potassium ehloiide solu- 
tion tiom an outside lesenoii and checked against the biiffei betoie and alter 
washing 

The saline diluent of Mveis and 3Iuntwjlei-° was disiegaided foi the reason 
that fiom then aiticle it did not appeal to be bevond the limit ot clinical 
significance 

It IS fuithei set ioith m tlie above leteiied to aitiele that with salt ooiieen- 
trations of raoie than M/15 the eoloiimetiic value is gieatei than tlie electro 
metiie, while with smallei coiiceiitiatioiis, the levei-se is true 

The lesults ot oui investigation aie given giaphically in Pig 1 and in 
tabular foim m Table I 

The last seven coloumetiic values ot Pu 7 6 aie staiied inasmuch as they 
matched the buftei tube of the last mdieatoi available at the time, and theietoie 
equal 7 6 or some iiumeiically gieatei value Tue one huudied specimens weie 
aiianged m oider ot numeiieal inciease ot Pn as nieasiued coloiimetiicaJly and 
the eoi 1 esponding quinhjdione values aie ananged m oidei ot luci easing devua- 
tion from then lespective coloumetiic values Thciefoie the giaph should be 
examined in sections oi by the tabiilai sei les steps 

DISCUSSION AND ENPEKIVIEM VL 

The fiist significant item is that out ot one bundled specimens, but nineteen 
give coloi inietiie vmlnes in eveess ot electiometiic values MTien we lecall that 
we dilute foi a coloumetiic deteinuiiation, it is eleai that it the equation of 
Neinst gives a tiiie pictuie, all the quinhydione values, made at voided eoneen- 
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tration, slioukl lepre&eiit nuineiicallj smaller Pu values Hexe ve have 81 per 
cent o± oui data tailing to do this Evidently we have to contend xvith othei 
vaiiables Theie aie at least 34 pei cent of oui bpeciinens which deviate at least 
04 Ph unit up to a maximum deviation ot 2 53 Pn units These deviations aie 
dll in the opposite dnection to what would be expected accoiding to Nernst’s 
equation, with the only eonti oiled variable the dilution Two pei cent of the 

i 

Tabce I 
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.specimens loll luoie tlmn 0 4 unit belmi the coloiimctue cahies, thus showiiig a 
fiieatei clegiee oi aciditc than ineasuied coloiimetucallc Thus ^ve see liom these 
hguies and inspection ol tlic cui\es, including the hist tno ol the toloiniiefiie 
Pii 7 6 c allies, tliat out ot 95 leliable items a total ot 41 speeimen-, give electio- 
metnc ^alues in excess ot 0 4 unit divcigent tioiii the coloiimetnc ones This 
leaaes 54 specimens measiuing electionietiitalh and eoloiimetiually nithin 
±0 4 unit which is ceitainh ivitliiii the lauge ot eluucal significance 



Again neglecting the last h^e ot the Pn 7 6 specimens, ^\e find that theie aie 
15 specimens leading tioin 1 0 to 2 >3 units highei nuineiicilh, oi moie basic 
than the coloiimetnc aalues These aie lespectivel}' 1 68, 111 35, 1 55 17, 
1 05, 1 15, 1 07, 1 0, 2 3, 1 3, 1 65, 2 53, 1 55 and 1 1 units as picked oft the giaph 
With lespect to the heavj double Pn 7 0 line ot neutialitc diacvn sqiiaieh acioss 
the giaph, we see bv inspection that six specimens weie lepoited on the basis ot 
coloiimetnc cleteimination as taiih acid when thee weie actuilh basic and two 
of them exti emely so 
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In Mew ol the foiegoing, we aie now iolcod to take btotk I JI IColthoff and 

T Kameda’ Inne lecenth published woik nluch is most significant KolthofE 
has pointed out that 0 1 c t oL 0 Ol pei cent inetlu 1 led when added to 10 e e oi 
watei ot Pii 7 0, gacc a coloi coiiespondimr to a Pn of 31 He has likewise 
shown that m the mcasiucnients ot Pn in sllghtl^ bufteied solutions, leliable le- 
sults aie to be had onlj on adding an indicatoi of the same Pn as the unknown 
Pawcett and Aciee“ call such indicatoi solutions ‘ adjusted ’ oi “isohidiic ” 
Icolthoff and Kaineda state As the nioleculai concentiation ol indicatoi s in 
colorinieti 1 C woik is of the oilier ot lO'" oi smaller, the ‘aeid’ oi ‘base’ eiior 
will only be noticeable in solutions with extremely slight buffer action Large 
eiiois, howevei, mac oecui when the Pn ot puie watei oi solutions ot neutral 
salts ill watei oi extienieh dilute solutions of acids oi bases hace to be 
measmed ” 

Kolthoff and Kamecla tuithci lelei to the woik ol McBaiii, Dubois and 
and of ileBain, Laing and Claik’ whcie it is stated that phenol led, o-ciesol led, 
pheiiolphthaleiii, and thymol blue caiiiiol be used tor the coloumetiic deteimma- 
tion ot Pn 111 extiemeh dilute sodium licdroxide solutions as the expel imeiital 
figures differ by moie than one oi two units The woik of Kolthoff and Kameda 
howecei shows the conclusion to be unwaii anted it piecautions aie taken against 
contamination bj caibon dioxide, il isohcdiic buftei solutions aie used and it the 
piopersalt correction is used In then conclusions thej state that with isohcdiic 
phenolphthalem oi thymol blue solutions the Pn of extremely dilute sodium 
hvdi oxide has been measiuecl with an accuiacj of 0 1 m Pn unit 

hen the ioregomg is taken coupled with the woik of i\h ers and iluiitwx lei® 
nc aie foiced to the conclusion that with the painstaking effort of the lattei 
woikers, their variations between electiometiic and coloumetiic calues being of 
consideidbly greatei magnitude than those ot Kolthoff and Kameda, there aie 
ceitainly other vaiiables placung a considerable part Bspocialh is this deal as 
we again inspect Pig 1 


An eiioi winch has not been mentioned in anj of these citations is the 
protein eiioi ’ discussed by Clark-* and Britton’'* In ciew ot the composition 
of the uinie, we mac safeh saj that we arc dealing wnth a lluid which contains 
acid 01 base m weak concentiation, canons burteis as caibonates, bicaibonates 
and phosphates, proteins and peihaps mattei in the colloidal state, ceitainlc" in 
those cases cvheic albumin is found iheniicallc and casts micioscopicallc It is 
Intel estiiig to note that in eccic case in Pig 1 wheie an extieniely cvide dicei- 
genci was found, albumin evas pieseiit in laige amounts 

At this point the rfuestion was intioduced as to how Pi, calues be the ciuin- 
hcdione ckitiodc and the hcdiogen clectiodc would compaie Piuthei, the 
eftect ot buffeis evas cleailc cvoithc ot tiuther stude and it was cieaiic ot 


lUl- 


poit iiHc to get all conditions into as niatlc tompai ible a state as possible 

Tluieloie mtensice woik cv is engaged upon with a small numbei ot iiatients 
hacing histones ol dbuiimiuna The tolonmefnc deteiniinations weie nude 
Midi a Ilelbgc Klett colonmctei using staiuiaul disis giadiiated tubes loi dilu- 
tion, staiidudi/ed indu.itois .uldtd to the spennuiis in iintcred amounts .iccord- 
'iig to the iiidic itoi used mil hii dh plant puaihl glass thambeis toi the sneci' 
men iml mlui and loi the plain simimen toi bukiiig tin st indaul coloi-s \iti 
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ficial light lb used in this appaiatus, thus gning eoustant illuniiiiatioii This 
type ol appaiatus lepieseuts the hiiest available ioi coloiiiiietiic deteinimation 
ot Pn and is distinctly supeiioi to the oidinaiy scheme of inatchnig tubes held in 
the hand as done in the hist huiidied ot Pig 1 Coloiiinetiie deteiminations 
Aveie made at fiist on stiaight specimens as loided and on speeiiiiens of 21/0 oc 
diluted to 10 ivith distilled watei Latei tins A\as expanded as shown in Tables 
II and III undei the headings ‘ Pn (ind lx) ” to indicate a deteinnnation made 
Avith the appiopiiate amount ot nidicatoi and ' Pu (md 1 \) " to indicate a de- 
teimiiiation made with twice the appiopiiate amount ot ludicatoi Still latei 
the specimens weie claiified bj- shaking wnth the activated chai “Noiit” and 
filteimg attei winch the deteiminations weie duplicated Phosphates w'eie de 

Ph 

zo 
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ee 
£* 
ex 
60 

se 
r* 
sx 
so 
^8 
■fe 
■H 

Fig 2 

teimined by titiation with uianium acetate using potassium feiiocyainde as an 
mdicatoi and expiessed m grams ot phosphoius pentosade pei 100 c c ot speci- 
men Albiuinn was deteimined cvith a calibiated centiifuge aceoidmg to the 
method of Shecky and Stattoid” and plotted on Pigs 3 and 5 ioi eoncenieiice in 
tenths of cubic centimeteis ot precipitated piotein Hs'^diogen electrode de 
teimuiations weie made on both elaiified and unclaiified specimens, the data on 
the unclaiified specimens only being gi\en in Tables II and III foi the leasoii 
that then diveigenee fiom qmnhj’-di one \ allies was of exactl 3 ' the same oidei 
as the claiified 

The hj'diogen electiode deteiminations w'eie made with Leeds and Noithiup 
equipment, using die Tj^pe “ K ’ potentiometei a standai d cell calibrated bj the 
Buieau ot Standaids tank h 3 diogen puiified be bubbling thiough potassium 
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peinianganate, alkahue pyiogallol and finallj watei to the Hiklebiand hydiogen 
tlectiode which woiked ^e^y mcelj' and came to balance well and speedily in 
about ten minutes The satuiated Claik type of calomel eleetiode was used and 
the 2420 c galvanometei was used Tempeiatuie and baiometne conditions 
i\eie taken into account 

The fiist item to be obseiced by studc of Figs 2 and 4 is that hydiogen 
eleetiode and qumhydione eleetiode e allies aie ot viitually the same oidei The 
diveigence langes fiom 0 02 to 0 08 P„ units, ayeiagmg veiy closely to 0 05 and 
always towaid the basic side Tie may tlieietoie conclude that ciumhydione 
eleetiode lalues aie eiitiiely satistactoiy loi mines and if CAtieme accuiacy is 
desnecl, the ciiiiiihjdione value should haie added to it 0 05 units This is en- 
tirely in accoi dance with the woik ot Cullen and Eaile'- in then work on blood 
plasma oi serum Pn values 








From a eoiisideiation ot Pig 1 it appealed that the iiicideiiee ot albumin 
>i>mht be a huge factoi in the dueigcnce between eleetiometiic and coloiimetiie 
'allies ot P„ Caietul eonsideiation ot Pigs 2 and 3 and Pigs 4 and 5 does not 
u.u this out The lelatioii between albumin content and diveigenee between 
‘ (ctiometiK and loloiimetiu calues is piiieh aeeidontal It is to be noted 
<«"ei( 1 th It ill none of these deteiimnations do wo Imee dueigenees ot the oidei 
e t le ni.iximiim ot Pig ] The le.ison is the lastly supeiioi lesnlts ‘"■allied In 
ust ot the Ililhge Klett appaiatiis 

The .ution ot bulUis depends ciitnoK on the meehanism ot Indiohsis 
us m tea n is cmantit itu eli iftei t. d In the e.iun aleiit biiffei eoiitent The only 

yy . is phosphite TJicietoie 

1 \mi . 1 "ouhl gue a lau measiiie ot buttei action 

l-\umnitum oi 2 and 5 .ml Pigs 4 uul 5 a-nm loy. ,1s ootl., 

nlUionslup riuis yyy au" toued to the comhisiou thaHhe umik ‘ s 
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lindei most conditions a well biilleied iluul to such an e\tent that buftei caiia 
tion IS ot no si"iuheance in Ph deteinunation 

EeeAammation ot these tom illustiatious howe^ei shows us cleaily that laii- 
ation 01 dueigence does occui and onh occasional!} in the eases of these two pa- 
tients did coloiinietiic and electionietiic values appioach the same cable Clan 
fieation of the specimens hiiall} gace the aiiswei to this The only claiiicmg 
agent ot any effieienec eve touiid was actuated cliai ‘ Xoiit ” Tins worked well 
and speedih It howecei adsoibed not only eoloiing mattei but hydiogeii ions 
as w’ell, as the Pn in eceic case was moie attei clanhcatiou It did not adsoib 
phosphates as the lesults weie ot exacth the same oidei aftei elaiificanon as be- 
foie and hence weie not tabulated Albumin content was cssentialh the same, 



Piff -t 


but in some eases if the specimen was allowed to stand a few minutes befoie 
filtering, the albunun was i educed b} as much as 10 pei cent But this w'as lu 
no case i educed to the minimum albumm c alue loi eithei patient Inspection ot 
Tables II and III leveals that electiometiie cables aftei claiification aie of the 
ordei of the mean cable beteveen eoloiimetiic cables wuth the appropiiate and 
tcvice the appiopiiate amounts of indicatoi The indieatois weie tiied on water 
solutions of bulfeis and the agieemeiit betcceen eleetiometiic and coloinnetric 
values cvith the appiopiiate amount of indicatoi evas peiieet Theietoie we are 
foieed to the conclusion that a pait of the indicatoi is adsoibed by the albumin 
and thus made ineftectice and this eiioi could only be compensated be adding 
raoie indicatoi Hocvecei the fact that such cables include hciiveen them the 
eleetiometiic cables gives us the clue to the diceigeiice in the unelaiified speei- 
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mens which lesults fxom the coloi of the specimen The coloi and appeaiance 
of each specimen had been lecoided and study ot this lecoid revealed the coi- 
relation A weakly eoloied siiecunen gave a toloiimetiic value which was close 
to the electronietiic As depth of coloi iiici eased, the divergence became moie 
maiked whethei stiaight oi dilute A deeph eoloied specimen diveiged widely 
A pale specimen gave good agi cement 

All item of entirely sepaiate mteiest is to be seen on Pigs 2 and 3 and Pigs 
4 and 5 In geneial m the ease of both of these patients there was fair agi ce- 
ment between albumin output and h>diogen ion concentration measuied electro- 
metrically in that the higliei the acidity, the lowei the albumin output Purthei 
woik IS in piogiess to deteimine the validity of this pieliminaiy and incidental 
observation 



Fig 5 


It IS peifectiy tine that the quinlijdione electiode has piotein eiiois and 
salt eirors Likewise it cannot be oonveniently used inucli aboie Pn 8 because 
hjdioqumone tlien behaves as a dibasic acid and has an etfeet on the hydiogeii ion 
content of the cell Consideration ot the dissociation Lonstants of h3dioqmnone 
as lound in Button’® shows that in unbutfeied solutions of aiomid Pn 6 the 
oiiois mas be quite appieciable Button gnes an cxoellent discussion of tlit 
woik ot La iloi and Pai sons’® on this point The nmgnitude of such eiiois does 
not use sliaiph until a Pu oi N 30 is leadied accoidmg to the h-vdiogen electrode 
\t tins point the eiioi is 1 24 units We must caieiullj note that tins eiror is 
m the dntction ol a talse aciditv oi in otbei wouls undei sudi conditions the 
quinlndionc dcLtiodc induatis a gi eater aciditj th in is attuallj the case It js 
simnlu mt that the wide dncigcnces oi Pigs 1, 2 and 4 aie in the opposite di- 
uuion 01 tow ud the basic side ^\ ,th lespcit to the piotom ciior Kolthoff“ 
uis shown It to be 1 24 units with casein ami MKluun Indroxide wluie witli blood 
sunm and Inifleis the euoi is no moie th in -0 IS unit 

U must not lu toi gotten that indi. itms aic iisnalh aids made up in base, 
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Iiul eezt.inil\ ]i<ne tJie potenthihU ot neutidh^mg a pait ot the iwse ot a 
bpccimoD, thus ffniuit aii eiioneous coloi 

SJ'AIlfAia 

1 A conipaiison ol Pn \dlues in umie (leteiiiiiiied m .utoitlance with az- 
eiage good clinical laboiatoiz piotcduie, electioiiietiically and coloiiinetiicalh 
bhowb a tiific inoie than <i one to one chance ot the coloriinctiic value being 
wnthin a limit ol rt0 4 unit ot the elect lometiie tiue calue 

2 At least 7 pei cent ot a liuuclied loutme specimens ot mine aic actualK 
tai nioie basic* than shoivn bi eoloiimctiic deteinunation bv numeiieal magin- 
tiides ot scientific and peihaps clinical inteiest In the ease ot giaie illness this 
peicentage pimps to o\ei tweiiti siv 

3 These dn eigciices <iiise tiom the intiinsic coloi ot the speeimen 

4 Clai ibc ation eNjieiimcnts baie shown that eien lemoial ot coloimg mat 
ter still cNposes tundanuntal weakness ol coloiimetn with its estim.itions” as 
compaied with elcctiometiic cletei mniatioiis 

o The daectiou ot diieigeiue between elec tiomctiic dctcimin itions on im 
diluted spetmieiis and coloiuuctue dcteinnn ition® on both diluted and stiaight 
specimens is laigch an exact opposite ot ivhat might be expected tiom the 
efjnation ot A’einst, showing contlusuel^ that the dilution eiioi is neithei the 
onh uoi tlie hugest eii 01 eneounteied 

6 It Pi( dcteuiimatioiis aie to be made ou uiines thei should be done with 
tlie quinhAclione electiodc which is simple, ol no gieatei cost than a good coioi- 
mietiic outfit, capable ot lastei handling than coloi imetiie ecimiiment ot the 
best kmd and leiv easily caied Joi 

7 It appeals that albumin output is lediued m geneial as aciditi ot the 
mine uses in at least some cases Pmthei woik is in piogiess on this pomt 

1,111 RLVCl-S 

1 Pratt, O B , and Sw irtout, H O Pi, Vilucs in Kontme Uranal\sis, T Lvb Clin Med 

16 471, 1931 

2 Mteis, V C, and Muntwjlir, E Colorimetric Ebtimation ot tin I rinar\ P„, J Lab X 

( LIN Med 15 752 , 1930 

3 Mitrs, V C , and Muiitivikr, E Tlic (oloriimtru Estimation ot tin Ilrdrogm Ion Con 

cintration of Urine, J Biol Clieiii 78 225, 1928 

4 Koltlioff, I M, Old Kaineda, T Tin Measuiement of tin Hrdrogiii Ion Couteutration 

in iubuffeud Solutions, III, Tin Colorinntric AIttliod, J Am Clicni Soc 53 S23 

5 Koltlioff, I M Vio I?t iXtion lom iieuti il uiid destilln rtin w issei, Bioihem Ztselir 168 

110, 1920 

0 Plwiitt, E H , and Vtret, S p Tin Probliin of Dilution in Colorimetrie H lou Xleasun 
ments Isobidric Indie itor Xlttliods for Aiiuriti Detiriiiiintioiis of Pir m A eiy 
Dilute Solutions, J Baeteiiol 17 103, 192'», and Tin Pioblem of Dilution m Color 

imitric II ion Measurtimiits II Use ot Isolndrn Indnators and Super pure AVater 
tor Aeeurate Measurement of Hadrogen Ion Coineiitratioiis ind Salt Errors, J Ind 
iX Eng Cliem , Anal Ed 2 78, 1030 

7 iteBain, J W, Dubois, O E, and Has, K G Tlie Salt Error of Indieatois C lused Ig 

Standard Alkaline Buffeis Tlnmsehes, T Gen Pbasiol 9 451, 1920 

8 Ale Bain, J W, Lawg, AI E, and Clark, O E Salt Error of Indicators Due to Standard 

Alkaline Buffers Tbciiisclvcs II, J ticii Pliisiol 12 005, 1029 

9 Cl irk \V M Determination ot Hediogtn Ions, ed 3, Baltimore, 1028, A\ illrauis A AVil 

kins, pp 133, 179, 18S, 439 

10 Britton, II Hjdrogen Ions, Ken York, 1929, D A’^an Kostrand Co, pp 63 05 

11 Slnaka M, and Stafford, D D Cliiiital Alctbod tor Estiinatioii of Protein m Urine ami 

Other Boda Fluids, Aieb Iiit Jled 32 222, 1023 
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nf tlif Pir ot tlie Blood I n't 
1 T. T P On the Betel mimtioii ol tut ^ n Plasma or 

12 Cullen, G and Electrode for Determining 

. irV |V j- I 

Wjsserstoffioiieukonrentratiou in lersi 

259, 1925 


PHOSPHOR! s HETABOLls]\I 

in 0 . rar Pho^phows in Cmkf- 

(i,,yotNOPiiP. P »0 PnO EpirMA^'Y 

, I 1 hfl Ite IS leductd with stannous chloiide to 

FpiIK method b, ,he dctotm.nat.on ot phosphate m 

J- gne a blue eoloi lecentlj P 

blood,^ can be leadily applied m ^ method is aceuiate and lapid 

fermg substances in sufficient concentiation 1 

Veiy little uime is lequired aeteimination of inoiganic phosphate 

The folloiving is the tdLulphm ic acid and hjdrogen pei- 

(If total phosphorus is desired, oMdation wnu s i 

o\ide as foi blood must be done ) 

SPECUL REAOrMS RECIUIRFD 

e, , 1 A ,a ATistme All's. 50 c c ot T 5 pel cent sodium 

, I w \“lT „0 >H 0 c , (P “ e ot watex, and 25 e c 10 nornt.l 
mohbdate Aa 3 I 0 O 4 2 H.O, c p tr B ammonium mohbdate, 

sulphmic acid (The same solume ot 12 b P« ^ 

(NIHBAIo- 4II 0 may leplace the sodium moljbdate solution ) 

J ^a^oasAilo.de Mut.ons (stock aod d.lute eotat.oos as ptesebed by 
Kuttaei and Colttn=) D.ssolxe 10 gionss ep staimous dilonde ^ 

ceottatod hxdtochloxtc ac.d Sto.e m a b.oao, S'f * 

1 c c Ol the above stock solution to 200 c c with siatei A new dilution is made 
about eieii 5 days unless a tuibidits should deselop sooiiei 

3 Staoda.d Pbospba.e Solut.c, -..msohe 0 «S 0 gxam pate xh, mon - 
potassium phosphate in watci enough to make 1000 t e '0 x c 

10,. tl stoxk solntion to 100 < , Ixx .OOlmgP P.esexxe bj axxxl.tj- 
mg i\ itli sulphui u uid 

PKOl EDI ill 

nilutc 1 c c ot mine to 100 i c t)t this diluted uinie tiaiistei 1 c c and 
2(1 to ti-st tuhis aLciiiateU eixidiialed at 10 c < t liaiistei 2 c c (0 02 mg P) 
ol staiulaul phosphiti solution to a siimlai test tube -Add to each tube watei 
to nuke ihout li < e then 2 e e ol moKbdite sulphuiK at id mistuie 1 t c ot 
eliUile st iiiiious ihloiidt' solution aiiel w itei to ih* iiixiik Ihe lelditioii ot st in- 


•lUHu tbt l>» jt iriHiA nl »C I5n>l* * 

nuTT a. \ \ 

I t<.cl\c<l (<jr public ilb»n ■No\ mbtr 11 
1 U kU vU i\ iub< 's kr vdu ilv tl il -U t < 
\>u I** nb n tUU in *r if urin«- nul 


I 4-1 

or £i»» t c 


I of LufTalo MciIk il 'school 

Mjluinctric Jj iNks n)ai> Ih U'scO A\»lh 
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IIIE JOUKVVL 01 1 UlOEVTOlvT AND CEIMC 11 MI DIOIM 


nous chloiide, watei to the maik, ami final miMiiij should be done without delaj 
Aftei 1 nunute compaie m the coloiimetei the tube which comes neaiei m coloi 
to the standaid If the coloi does not come withm 30 pei cent of the standard, 
the deteimination must be lepeated with a collected amount ot in me 
Calculation 

Reading of standaid ^ ^ 100 

Reading of mine X 0 0- X ui me taken Pmlcc urine 

KEH RINCCS 

1 Youugburg, Guj E, ind \ouugburg, M iiuil V Phosphorus Met ibolisin I A System of 

Blood Phosphorus All ih SIS, T L\ii A Cun Mid 16 llS, 1930 

2 Ku tner, Theodori., lud Cohen, Harriet R Micro Colorimetric Studies I A 'Moljbdic 

Vcid, Stannous Chloride Reagent The Micro Estimation of Phosphate and Cileium 
111 Pus, Plasma, ind Spinal Fluid, J Biol Chem 75 ol7, 1927 


A MICRO METHOD FOR BLOOD UREA NITROGEN* 


AlBAANDLI! G IVCLLFR, Jr PuG,I>S PlIILelDELPHU Pv 


TT7ITH the giowth ot chemical analysis ot blood m loutme hospital laboia- 
'' tones, a demand has aiisen toi micio methods ot analysis Tliesc methods 
should not leplaee the usual loutuie methods but should be used oulj* as an 
emeigeuev laboiatoiy pioeeduie m connection wuth patients of difficult cempime- 
tuie To make a special set of leagents foi the occasional use of micio methods 
is time-eonsummg and expensive MOth this m mmd the foUocving method was 
developed, using the icageiits of Kan V Uiea Nitiogen Method and making one 
new solution toi piecipitation ot pioteins 

Piotem IS precipitated fiom blood by means ot tungstic acid To the filtrate 
is added mease and phosphate buitei It is then incubated foi ten minutes at 
50° C The lesultant solution is nesslenzed and compaied colorimeti ically with 
a similailv treated standard uiea solution 

The onljr special appaiatiis necessan is two test tubes, each giaduated at 
nine and ten cubic centimeters 

Solutions — Tungstic acid To SO c c of watei add 16 c c of N/12 sulphuric 
acid voluinetnc solution Mi\ and add 2 ce ot 10 per cent sodium tungstate 
solution The sodium tungstate is of the “Special” grade Urease solution 
15 gm of Jack bean meal and 5 gm ot Peimutit aie placed m an Eilenmeyer 
flask A mixtuie of 16 c c of alcohol and 84 c c ot watei is added Tins is 
shaken eontinuouslv tor ten minutes, then allowed to stand 18 houis in a le- 
frigeiatoi, aftei which it is filteiecl and kept m the lefiigeiatoi Phosphate buf 
fer Dissolve 14 gm of sodium pyiophosphate and 2 gm of metaphosphoiic acid 
m watei and dilute to 250 c e Uiea stock solution Dissolve 0 1286 gm of uiea 
in watei and dilute to 200 c e Uiea standaid solution Dilute 5 c c ot the stock 


•From tlie Laboratories of the Graduate Hospital bnhersitj of PeiinsyKam'i 
Received for publication Non ember 16 1931 
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urea solution to 100 e c with, distilled watei 5 c e is equivalent to 0 075 mg of 
uiea mtiogen Nesslei 's solution 

Method Pipette 9 8 c c of the tung-stic acid solution into a 15 c c centrifuge 
tube Cleanse the end of the patient’s finger with alcohol and when the skin is 
dry, prick with a blood lancet Using a 0 2 c e seiologic pipette (that delivers to 
the tip) collect 0 2 c c of blood Delivei it into the tungstic acid solution, iinsing 
the pipette with the same Stoppei the tube and mix thoroughly Allow to 
stand a few minutes, then ccntiifuge 

Transfer 4 c e of the supernatant fluid to a small test tube Into a similar 
test tube pipette 1 ce of urea mtiogen standard and 3 cc of water To each 
tube add 3 diops of urease and 3 diops of the buffei solution Incubate both 
tubes in a water-bath at 50° C foi 10 minutes At the end of this time transfer 
the contents of each tube to a tube graduated at 9 and 10 c c , rinsmg the first 
tube with distilled water and diluting to the 9 e c graduation Add Nesslei ’s 
solution to the 10 c c graduation and eorapai e color imetncallv in a Dubosque 
type of colorimeter 

Calculation If the unknown is set at 15 mm then the leading of the stand- 
ard multiplied by 1^ or 1 25 gives milligiams of urea mtiogen pei 100 c e of 
blood 

The foUoiving results were obtained, using Kan’s method on venous blood 
and this micro method on blood obtained from a finger prick 

KARB 'S METHOD KEELER ’s METHOD 

RESULTS EXPRESSED IN MG PER 100 C C OP BLOOD 


too 

10 0 

12 i 

12 1 

14 8 

14 6 

15 0 

15 0 

13 5 

13 3 

11 8 

116 

12 0 

12 0 


CONCLUSION 

A micio method for blood urea nitrogen is offeied which checks with methods 
using lai gei quantities of blood 


RLIEREXCE 

1 Karr, Waller G A Method for the Determination of Blood Urea Nitroiren J I, m c 
Clin Med 9 329, 192t 



THE DETERi^INATlO^ OE CALC 


II Jl AXD PllObPIIOUt S IX SALlVA^^t 


Pi.\NUb Kkvsnow PhE Mawmii IvAHbiu^ PhD, undLvikvE Kri-jci, 

Ph D , Xi w \ oivK, X Y 


TNTEREST ui the leLitionsliip ot c.ikmiu aiul phosphoiUb m sain a to dental 
tlecaj necessitated an imestiiration ol the \aiums pioeediues loi the estima- 
tion ot these substances 

C CLCIC M 

The most adapttible methods appealed to be eithei the iislunt;: piocess as le 
tenth’ desciibed bj LeonaitP loi saliva ealcuim oi the piecipitation of talciuin 
altei pieliininaij tieatnient c\ith tiichloiacetu acid In c.iiiMiig' out the loiiiiei 
technic ice iouiid a hue pellicle ot caiciuin osalate on tlie suitace ot tlie supei 
natant fluid attei washiiifr the inecipitatc ot calcium ovilatc uith XIEOH (The 
same eftect is obtained %\heu cakiuni is dcteiinnied in an HCl solution ot ashed 
bone Ol teeth, and in othei moigauic solutions ) The suitace pellicle was lost 
when the supeiiiatant fluid was decanted, usultiiig in ,i somewhat lowei cakiuin 
lecoieiy, as we sh.ill demonstiate piescnth Duinig the piocess ol aslnng all 
pioteiii Ol othei oiganic niateiial was lemoied, so that wlien the ash was dis- 
sohed 111 IICl, the lesultinir solution had no colloid il components A\e telt that 
the ealcium oxalate pai tides need some bindei m oidei that tlicn mas ioiiii 
an adheimg mass To cftect this we piecipitated the cakiuin in the HCl solu 
tion obtained tiom the ash with salna satuiated w'lth aninionuun oxalate The 


1 CULE I 

Ithcoctin ot CcLdUJi in DintHtsi XIethod-. 


sn, CC IN 100 CC Ol OV SOLUTION 


feVMPIE NUMHLI 

1 


3 

4 


! 

i ■ 

1 s 

1 

10 

l Precipit itiou with am 
moinum ONalate 

jO 

*> 7 

■i 7 

-.0 

■>3 

j 7 

"i 6 

GO 

■)9 

D -4 

B Precipit ition scith am 
moiuuni oNiIate s ilm 

0 n 

G 1 

1 

IS 

60 

IS 

19 

dS 

63 

6 1 

C Precipitation nvitlnm ] 
moinum oNalate albu 
111111 

GO 

0 1 

bO 

GO 

G2 

GO 

G 2 

GO 



D Prtcipit ition with am 
iiioiiiuiu ONal ite and 
idditiou of acetone 
before NH,OH wasli 

iiig 

GO 

h 0 

G 1 

1 

GO 

GO 

G 0 

GO 

h 0 

bO j 

60 


•From the Depirtment ot Biolosicil Chemistrj College of Phjsicimt, and Surgeons iml 
School of Dental and Oral Surfer} Columbia Unne^ita 

tThls ttorK has been tonducted wath the aid of i grant fiom the Commonwealth tund toi 
rebearch m dental caries 

Receited for publication December lo 19^1 
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1 1 +rv in f>p of fieslily collected sdliva one giam of 

lattei was picpaied y » niivtme was shaken foi two hours and 

« «« o.a.ate.a..va 

.esalta a.e oftau h.sl.e. , and on. .a spared the 
oxalate p, capitated in one step is bemg lost m the next The companson 

taonght out in Table I (A and B) and m Table II , „ , i„» ^ P,rn 

The ealciiim solution mentioned in the table toiitamed 0 14J8 ^ CaOO„ 
0 5265 gm laiJO. and 0 0109 gm MgSOi 7HeO m 1000 ee o£ a 0 4 N solution 
ot HCl Theie xveie theiefoie, (1 mg Ca, 12 mg F and 07 mg i o m , 

which are aveiage hguies for these constituents in saliva 


Table II 


Determination op Calcium by Dipperent 





MG CA 

PER 100 C C OF 

SALIVA 



SAMPLE NTJMBEa 

1 

2 

3 

4 

5 

6 

7 

8 

Precipitation with am 
moumni oxalate 

43 

40 

45 

42 

46 

44 

57 

43 

Precipitation with am 
monium oxalate saliva 

54 

41 

47 

42 

46 

44 

60 

46 


Table III 

Determination op Calciuai by Different Methods 


ilC CA IN 100 C C OF SALIVA 


SAMPLE NtTMBER 

IP 

3P 

ID 

3L 

40 

41 

42 

44 

39 

45 

46 

Precipitation with 
ammonium o\ i 
late sihva 

4 8 

50 

44 

45 

54 

80 

87 

62 

59 

1 

74 

59 

Precipitation with 
imnioumm o\a 

1 itc ilhumiu so 
lution 

5 0 

49 

43 

4 5 

55 

79 

9 3 

6 7 

5 7 

73 

56 


To avoid the collection ol saliva, an ainnioniuni ovalate-alhunnn solution was 
substituted foi the ammonium oxalate saliva The albumin solution was piepaied 
as follows To 10 0 c c of a fiesh albumin solution was added one giam of finelv 
giouud ammonium oxalate and the mixtuic shaken foi two houis The super - 
uatant iluid obt uuecl aftei eentiilugatiou was successtullj used foi piecipitat- 
mg ( ilcnim is cakmm oxalate This is demonstiated m Table I (C) and 
Table III 

It was latei found that the addition ot acetone to the calcium oxalate precipi- 
tate betou vvasbing it with luuiionuim hvdioxide prevented pellicle tormatiou 
bv udiumg the suilue tension That this piocedure vickls accuiate results is 
bi ought out m T iblc 1 (D) wbuli gives cakiuiii leioveiv values toi the calcium 
solution iiuvunislv usiil 

'I'hc ikscuptum ol the method is hnillv lecommendcd lollows 10 c c of 
saliva in v 40 c e platnuuu cuuihk iic evapoi ited to divmess on a steam bath 
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THl. JOUKN VI 01 I,\ConviOR\ VN'D CIIMC \I MhOKlVl 


Tlie icsulue is laielullj eliaiiid om*i a low gas Oaine and tlien ignited in ta ±m- 
naee at GOO to 650° C loi one lioiu Attei cooling, the ash is dissolved in 3 cc 
IICI (0 4 N) using Ice at a time Each poition is succcssivelv tiaustened to 
a 10 c c voliinietiic Oaslv with aiiothei pipette The crucible is then washed 
three times vnth appio\imatel\ 2 e c ot vvatei loi each washing and tiaiisteued 
111 the same waj as was the IICI Watci is added to make 10 c c 

Five cubic ceiitimeteis ot this solution in a 15 c c conical centiitugc tube aie 
adiustcd to Pn a 9 using 0 1 c c ot 0 04 pei cent biomcicsol puiple as the indica- 
tor " The adjustments aie made with 5, 0 25, and 0 05 N Nil (Oil, and 101 and 
0 01 N HCl until a laveudei-giav eoloi is obtained Tluee cubic eentiineters ot 
4 per cent amnioiiium oxalate solution having a Ph oi 5 9 aie added, allowed to 
stand for one horn, and centiituged toi ten iiiiiuitts at about 1300 i pm The 
supernatant fluid is eaietullj decanted The tube is diaiued on filtei paper foi 
flve minutes and the iim wiped The piecipitate is thoioiighly mixed with 

0 5 e e acetone, then dec NIEOII (2 t c eoncentiated NHiOH to 9S c c H^O) 
aie added in such maimei that the whole siutaee ot the tube is washed thoioughlv 
The imxtuie is geiitlv agitated Attei centiitiiging loi flve iiiiiuites at 1300 

1 p nn, the siipeiuatant fluid is poured oft Again 0 5 e c acetone is added iol- 
lovved bj 3 c c NH 4 OH caietulh washing the sides oi the tube iLifhout distvub 
mg the piecipitate, and the ccntiituging and diaming dcsciibed above lepeated 
The calenini oxalate in the centiitugc tube is nu-xed well with a tew diops ot 
N HjSOi and then 2 ec aie added washing the tube at the same time The 
titiation IS earned out with 0 005 N KilnO^ ° The tollowiiig blank is siibtiacted 
tiora the titiation flgiue 15 ee HCI (0 4 N) t 35 cc H.O Tlie Ph is ad- 
justed as m the deteinrniation, 3 c c ammonium oxalate solution aie added and 
all the steps in the above dcsciiption earned out 

The mg Ca pei 100 c c ot saliva luav be obtained tioin the equation 

c c standaid sodium oxalate solution at 

V ; — -X 0 02 X 40 ''2 X R \ 20 = A 

c c K 5 iu 04 used as titiation equivalent 

R = numbei of c e IOIUO 4 used in titiating tlie sample minus blank 
40/2 = equivalent weight ot calcium 


DETFRxirvvnox or cvlciuxi without vshixg 

55 Tiile expel imenting with the ashing method ioi the detoiinuiatiou of cal- 
cium, we tested the possibility^ ot estimating calcium 111 saliva without pievioiis 
Ignition The lollovviiig technic was evolved 

To See oi saliva m a 15 cc conical centiituge tube ue added 2 e e ot 
CCI 3 COOH (30 pei cent bj volume) The mixture is stirred with a fine lod, 
stoppeied and allowed to stand foi ten minutes Attei eentiitnging for five 
minutes at 1300 1 p 111 any pellicle that may form is leinovecl with a fine capil- 
lary pipette The supeinatant fluid IS decanted into anothei 15 c c eoiucal 
centrifuge tube (If nieasiii enients aie not made immediately, the tube should 
be tightlj stoppeied ) 

Five cubic centimeters in a 15 e c conical centiituge tube aie adjusted as m 


•The 0 005 N KVInOj is prepared b> diluting a stock 0 1 X soIuUon The diluted solut 
should be standardized ^^ith each set o£ deternunatlons igainst 0 02 N 
<0 131 sm sodium ov ilate is dissoK ed in 100 c c H-O conuuning 0 5 c c H.SOi o£ specific gnu it> 

’ SI 1 
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the ashing method to Pu 5 9 , 3 0 c c of a 4 pei cent ammonium oxalate solution, 
prcMously ad 3 usted to Pu 5 9 svitli dilute oxalic acid oi dilute NII 4 OH, aie 
added The mixtiue is allowed to stand for two hours and centrifuged for ten 
mnmtes at about 1300 1 p m. The pioeeduie fiom this point parallels that in 
the ashing method except foi the blank For this purpose, the remaining portion 
of the supernatant fluid is tieated exactly as outlined above, omitting the addi- 
tion of ammonium oxalate 

The calculation foi calcium detei mined by diieet precipitation is the same 
as that foi ashing technic It must not be ovei looked, however, that the aliquot 
used m the foimei is equivalent to only 4 c e of saliva (In the foi mala, 25 is 
substituted for 20 ) 

It IS interesting to note how closely the results obtained by the two methods 
check each other (Tables IV and V) 


Table IV 

DEraBiiiNATiox OF CALCioat IV Asufd and li \ ashed Saliva 


iio CA PEE 100 c c 



1 4e 

1 

4d 

[ 5c 

5d 

7a 

8a 

8b 

8e 1 

8d 

9a 1 

9b 1 

9o 1 

9d 

DetermiuAtion on ashed 
salwa 

43 

44 

49 

5 1 

46 

4 7 

56 

55 1 

51 

44 

47 

45 

47 

Determination on an 














ashed saliva 

42 

43 

1 

47 j 


48 

47 

57 

54 


43 

47 

45 

47 


Table V 

Deteriiivation of Calciuji iv Ashed axd Unashed Saliva 


JIO CA PEE 100 c c 



■ 

IQI 




g| 

nm 

1^^ 





B 


Determination on 
ishcd satua 




1 


m 

1 

49 


n 

M 

! 

40 

1 

53 

■ 

40 

Determination on 
Bn ishcd sah% a 

3 8 

59 

63 

46 

47 

1 

47 

50 

1 

43 1 

36 

1 

47 

46 

I 52 

I 

1 

44 


The figuies obtained b}" precipitation ot calcium from the supernatant fluid 
icpioduce those obtained by the ashing technic so closely that the results appeal 
as tluiugli thej i\eic duplicate determinations earned out bj the same method 
Besides gieatly cui tailing the time necessarj for each aiialvsis, diieet pieeipita- 
bou ot calcium eliminates the need foi a muffle furnace and platinum ciucibles 
t is theicfoic, to be piefeiicd to othoi methods Especialh is this tuic nhen a 
aige number of samples have to be handled 


riiospiioiius 

Theie was a choice ol two methods, that 01 Piske and Subbarow- wliicli r 

'vhenom ^ithough moie difficult, ls appluahlc 

ouK Aer\ sm ill quantities ot nmterial aie available Both of these ineihrxl 
— cl .0 a IICl s.,lu„„„ „l a.i;<;i 














nil JOLiixvi 01 1 \noK\iOK\ and clinic 'midiclne 


Iir )2 

VI and VII, comp.ue s.iiiie sample uumbeis) Kowecei, Mhen the analcses weic 
caiued out 1)> the Fiskc and Subbaiow method, tlic icsuUs obtained on the asli 
solution diireicd imukedlj Iiom tliose obtained on the supernatant fluid attei 
liieliloi.teetic acid tieatment (Table VI) On the othei hand, by iisin<? tJie Tis 
dall pioceduie on these solutions, close checks ueie obtained (Table VII and 
Table VIII) 


Tmili VI 

Dithimivvtion Of Pnosi iioitus in riskt feumtuion AttnioD 


SVSrPLF MJAirit-R 

M< I* 1 hit 100 CL SVLIV V 

li 


-1 1 

01 

Vail solution 

10 9 

Ob 

94 i 

10 6 

CCIjCOOII suponi it lilt fluid 

S3 

72 

b 3 j 

06 


Tmile N II 

Duunils VTION Of I’HObI 110 ltut> IS LnVSHFD VND Asflfj) SlLI\C 

MO I etit 100 c 0 
(TISD ILL METIlOn) 



la 

lb 

1C I 

Id i 

mm 

1 

3f 

31{ 

OL 

od 

01 

Un ished s iln i 

10 S 

11 2 



10 4 

I US 

13 9 

17 2 

101 j 

S9 

11 0 

Aslied saliv i 


10 S 



99 

111 

13 5 

16 S 

1 

B 

90 

1 

10 0 


Tcble VIII 

Determin VTION OP PnosPiioHus IN Uncshed VND Ashed Svluv 


MO 1 PEl 100 C C 
(TISDVLL HETllOD) 


MTArnER 

10b 

11a 

11b 

ID 

12b 

15 i 

lOvv 

j 17l 

ISl 

lOb 

Uinslied saliva 

! 9 1 

SS 

9 4 

S 7 

8S 

12 1 

14 1 

10 5 

10 1 

13 7 

Ashed s iliva 1 

1 


SO 

B 

SS 

03 

11 4 

13 9 

10 0 

i 10 5 

[ 

1 

13 I 


111 applying the Tisdall teclmie to the suiiemitant fluid attei tiieliloi acetic 
acid pieeipitation 0 5 e e is useil, and the jnoeess is continued ns diiected in the 
oiiqinal dcseiiption ^ 

SUMAI ui\ 

It has been show that ealeium and phosphoius can be detei mined on iin.ished 
saliva The lesults check veil closeh those obtained on a hjdiochloiie aeid solu 
tioii of saliva ash The nielhod leeonmiended loi the detei iiunation ot calciinn 
in ashed saliv'a is piobabh applicable to the detei niination ot caleiuiii in othei 
biologic niateiial 

KErcarxcES 

1 Clark, VV AI Tlio Dottriuimlioii of Iljclrogui Ion, (.d 3, p 04, lOJS t. i ni 

2 Piskt, C II, and Subbiroo, Y ColoriiiiitiiL Di tirnnmtioii ot Phosiiliorus, J Biol Cmm 

66 375, 1925 ^ , , , , 

3 Leonard, II J Cause of Aramtion m Sihviij Cikiuiu, Their Belatiou to Susicptibuin 

and Ininiunit^ to Btntal Canes, J Am Dint A 15 1530, 1928 

4 TisdaU, r F Kapid Colorinietrii. Jlctliod tor Qu iiititatiie Ditiiniination or Inorganic 

Phosphorus in Small linounts ot Strum, J Bio) Clieni 50 320, 1922 











































AN OPERATING TABLE FOR SilALL ANIMALS^^ 


W H ScHui TZ, Ph D , Bai iiMORE, jRd 


F ig 1 illuf^tiateb a tablet that lias been used m the pbaimacologA laboiatorv 
foi the past thiee jeais It will hold lats securely m place while making 
iiitiavenous injections oi duiing major suigical opeiations undei anesthesia 
The method ot tjing the animal in place as well as leleasing it at the conclusion 
of an experiment pioiides both for speed of manipulation and certainty of action 
The top of the table is 18 5 b> 32 bi 2 cm. and stands 6 5 cm high In each 
toriier of the top theie is a spring clip tor bolding the leg strings at whatevei 
tension desired Each clip is const! ucted as follows A brass sleeve 20 mm 
long, 0 D 11 mm and a bore of 7 25 mm is forced into place thiough a hole 
m each coiner ot the boaid Thiough tins brass tiliiidei passes a 7 mm brass 
rod, 15 mm long In the uppei end ot the rod is cut a notch and on the end just 
over the notch there is a 10 mm cap (See Fig 1-E, a ) The lower end of this 
movable rod is likewise fitted ivith a 10 mm. cap {E, f) and between the cap and 
the surface ot the boaul is a spiing (E, e) This spring toices the upper end of 
the movable rod into the brass cylinder until the cap tits tightlv against the end 
of the cylinder and if a coid is diawn into the notch it is held firmly in sifu upon 
releasing the thumb piessuie upon the lower cap (See Fig \-B, s and u ) 
The spimg is similar to those used in dooi locks and is made ot spiing wile, 
No 16 or 17 B and S gage 

Fig 1 B illustiates the mannei of opei ating the string holdei just described 
A double cord (f) ot suitable thickness is looped aioiind the leg ot the animal 
(Pig 1 B, r) diawn into position and passed thiough the nhtch of the string 
holdei (B, b) and the thumb lemoccd so that the spiing diaws the lod down upon 
the cold (Fig l-B, it, i ) After first setting all tour strings attached each to 
one leg lespccticely ot the animal and tlieieby appioximatmg its desued position, 
hnal adjustments aie made b\ simply piessmg the string holdei upw irds and 
idjustiiig the leg stiings Pinalh wiap the cold once aiound the notch (Fig 
1 B, s) and let the stung holdei seat itselt be lemoMiig the thumb piessuie 

It the spimgs aie stiong enough this piecaution ot i\mding the stung once 
aiound tlic moiable post is not necessaic tio it is well woith the tiouble to make 
good stiong spiings ot phosphoiiis bionze spimg wiic The notch will then giij) 
the cold light ciumgh to hold it wlicie placed e\cii when pulled at iigoionsh 
Animals, theictoie sti etc lied out piopeiK upon the opoiatiiig boaid, c\cn 
though stiugghng Mgoioiish can not diaw the log st lings thiough the giippm-' 
notch ot the stung hoUlii ° 

When lekasing an anim.il, the tluunb is placid upon the lowei c ip md In 
piessiue till piston IS tiiist upw nds and tlu notUi icleiscs the stiing Then 


Ul 

11) 
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bj means ot a pan oL tweezers the loop on the ley is released, slipped off, and the 
animal remo\ed The strings are Iclt in place threaded through the notch tor 
tutnre use 

A second type of animal board is nruelr moie simple in coiistructioii The 
stung clips ot this boaid aie illustrated nr the insert, Pig 1-A In many respects 
this board is more convenient tor holding small animals like rats and mice It 
presents flat suilaces with no obstructing suppoits hence, when no stands or 
other obstiuctioiis upon the laboiatoi} desk need be stiaddled, tins board is ceiv 
convenient 



It IS made of good quality spruce or white pine, 12 to 15 mm tluek Foi 
rats the top is IS bj 30 cm For mice and tiogs, the top may be reduced to 14 bj 
20 cm In each corner is tastened a piece ot phosphorus bronze spiing ware 
No 14, B and S gage) about 35 mm long The end ot this wire is rounded 
Seven millimeter's tiom each end the wire is bent so that the straight poition ol 
the original wii e is i esting upon a plane sui face the uptui iied ends w ill subtend 
an angle of about 10 to 15° with the plane suitace oi with the straight portion of 
wire projected along this suitace (See Insert Pig 1-A ) 

One ware each is then tastened in each respectiie coiner of the board bv 
means ol a staple, so that the bent ends of each wire project iipwaids I pon 
dr i\ mg the stajile home it gi ips the middle ot the wii e and not oirlj holds it iii 
place, but also increases the angle between the suitace of the board and the up- 
turned end of the wire 
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same maniiei, except that instead o board It it is neees- 

(Pig 1 B, h) the stung is foiced then it is wound once 

^aiy to make cloiiblv ceitain that the si ° wire to grip and 

J.M taste™.. ...eteby ve.y 

]iold the leg stung in place IMien made p P ^ b adjustments, 

efficient, they not only hold the stung fiunly but aamn 

rapid fixation, and equally lapid lelease 


THE KAHN HEECIKTATION TEST JIIE Xjm'aND^ 

WITH THE OPTIAIUM PROPORTION OP SBRUkl AND AN iiUUt 

Llox C II wexs, AI D , and Fannie CHESxuaT Pkvnk, B S , 
Montgomery, Aea 


T^AHN’S oiiginal piecipitation test* consisted of a single mixture of seium 

K and antigen Subsequent -d^^ T^reioll Lking the test 

thice diffeient antigen seiiim piopoitio s j-po r.fnld fit dif- 

with different amounts ot antigen, as stated by e an oi , . p^g. 

ferent seimnis and different stages of syphilis have 

eipitation, (2) the thiee tube test gives, to some extent, 

result Kahn states* that five oi more tubes nould be better, 

selected for practical reasons Anv quantitative element vdiich 

IS, however, nullified by the practice ot reporting a single result obtained by 

avci aging the readings of the three tubes Furthermore, Kahn has proposed 

an additional quantitative test nhicli more closely approximates a titiation o 

the sei lull on the basis ot “ leacting iiiuts 

lievine'’ has leccntlj pioposed the omission of the 3 1 scium antigen nnx- 
tuic, and, on the basis ot a tno tube test leading, has lepoited lesults, from 500 
positive sciiiuis, iieailj identical mth the three tube leadings He points out at 
least one definite advantage, namely, the elimination ot a laige nurabei of doubt- 
ful (1+) reactions 

A quantitative test mas base a place in the diiiical oi hospital laboiatoij 
when close contact with the patient is possible, and where seiologic obsers atioiis 
aie di suable duiiiig tieatinent, but it lias no place in a public health laboratory 
whose chief tiuictioii is the detection ot ssphilitic iiitection I aiticiilarly is this 
tun it ,1 complement fixation test is iiicliided iii coiijuiictioii with the precipita- 
tion iCiiction one seising as a check upon the othci 1 iidci these conditions, a 
one tubi piccipilatioii tost iitih/ing that ratio ot suum to antigen which gues 
tin most spicitic results would be snfluunt 

ft IS obsions that the piopoitioii which snlcls the highest degue of spec- 
ilicits lies soiiii will 1 e bitssien 1 I and 12 1 Tin foiiiiei usualls gises a nega- 
lisi ri Milt e\cii>t with Ml oiigls poMtise siiiims while the lattei sields mom ex- 


1 It.m 111, I-O.I.I ili.rliN ..f llu Mil) mil Nt itc Bo ml of IK ilth 
1 f«tr pubUk itlon Uc»-cin*i r '' 1 
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peiieiice, about 5 pei tent moie positive lesiilts than does tlie Kolinei eoinplt- 
meiit fixation technic, iiidicatiii*' tluit a piopoition ot seiuiii to antigen unich 
greatei than this would be too sensitive 

In Older to deteiminc the comp, native lesults obtained bj the use of a single 
iiiixtine ot antigen and seiiiin oi a combination ot two dilteicnt mixtuies, the 
lesults in each of the thiec tubes in 1000 positive seiiims have been lecoided 
sepaiately These have been compaied with each otliei and with the results ot 
the three tube test and the two tube leading pioposed bv Levine Theie weie 209 
seiiims winch gave ditteient degiees ot precipitation in the thiee tubes The 
othei 791 seiuius yielded the same amount ot piecipitation in cacli tube The 
diffeiences aie siimmaiized iii Tabic 1 


Tuile I 

Eesdlts With 209 SuioMS Oiviso DniutEST Dlokils oi Piiecipit vtion With Various 

Serum Astioen Mixtures 


THREE TUBE 

RESULT T\\ O TUBE RESULT 

(0 1 VXD 12 1) 


ON> TUBE RESULT 

(U 1) 

NO OF SERUMS 

l-H 

1+ 



2+ 

o 

1+ 

2+ 




o4 

1-r 

2-1 



3-H 

o ■> 

2x 

3+ 



1- 

49 

2+ 

3-1 



1-E 

la 

2■^ 

4-t- 



-l-c 

1 

3+ 

4t 



4-^ 

GO 


Tot il DilTcrtuce — 1 

and 

3 

tube'— 200— 20 9% 



Total Difference — 2 

and 

3 

tube— 207— 20 7% 



Total Difference — 1 

and 

•> 

tube— 3D— 3 9% 



Theie weie 72 specimens which vielded a gieatei precipitation in the 12 1 
latio than in the 6 1 tube Seventeen weie negative and 20 weie 1- m the 6 1 
propoition but positive in the 12 1 tube Ten (1 pei cent) weie 1+ in the 12 1 
piopoition, while 88 (8 8 pei cent) gave a doubtful lesult m the 3 tube test 
These lesults indicate that the optiinuiu latio ot seium to antigen is uioie than 
6 1, and piobablj in the neighboihood of 12 1 

Theie weie no qualitativ'e diffeiences in this senes The gieatcst quantita- 
tive difteience obtained between the two and tliiee tube lesults was a change ot 
Is- in the lesiilt, tiom la- to 2+, 2-i- to 3-^, oi 3+ to Jr+ These lesults aic in ac- 
coid wnth those lepoi ted bv Levine" Fuitheimoie, the 12 1 lesult was stumgei 
than the thi ee tube av ei age bv a 2-t- amount in onlj 38 specimens 

Theie weie onlv 30 seiums which yielded a gieatei piecipitate m the 12 1 
latio alone than in the aveiage of the 6 1 and 12 1 tubes, this was nevei a dif- 
ference ot moie than 1-*- AYhen the lesults of the two tube test and the one tube 
(12 1) test aic compaied with the standaid test, the diftei cnees aie imraateiial, 
209 in the one tube and 207 m the aveiage ot the two tubes 

Such ddfereiices as those which have appealed in this senes ot tests aie 
entiiely within the limits of eiioi of the technic In a senes of ovei 500 
syphilitic seiums which have been examined nidependcnll} bj each ot oiii eight 
biancli laboiatories, all using the same antigen piepiied bj tJie Ceiitial Laboid- 
torj”^, diffeiences as great as those obtained m this senes ot tests, weie lepoited 
In the case of weakly positive seiums, paitieiilailv , in the hands ot difteient 
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serologists, even qualitative difteiences, as well as tliose meiely of degiee, may 
be obtained, i\hen tlie thiee antigen proportions are used This indicates tliat 
the personal element has not been eliminated as a factor in this test, and, further, 
that the use of the optimum latio of seium and antigen for specihc piecipitation 
IS pieferable to the practice of averaging the lesults of several mixtures 
The following conclusions, theiefoie, seem 3 ustified 

1 The optimum mixture of serum and antigen for specific precipitation is 
approximately 12 1 This proportion apparently holds for the great majority, 
at least, of all specimens 

2 The use of this optimum ratio alone or of an additional one (eg 6 1) 
also, does not yield falsely positive lesults On the other hand, the doubtful 
(1+) lesults aie leduced fiom 8 8 pei cent (in this series) to 1 pei cent 

3 It seems apparent that the use of one tube using a 12 1 piopoition of 
serum and antigen, in conjunction w ith a dependable complement fixation reac- 
tion, constitutes a valuable qualitative test for syjjhilis, to the reliability of which 
nothing IS added bj the use of additional seium antigen piopoitions in the 
precipitation test 
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AN APPAEATUy POE QUICKLY :MfiASDEING THE SPECIPIO GEAVITY 

OP BODY FLUIDS® 


C C Guiiimi, Ph D , M D Pxiisuukoh, Pa 

TNTEEEST -was aioiiscd m the appaient pi ac tic ability and lahic ot such a 
method h\ Baihoui and Ilanidton s dchciijitioii ot then method m 192 - 1 ^ ■ 
Esseutialh it consists ot measuniigf t)ie lalling time ot a small chop oi blood oi 
othei wateiv liquid in a tube ot immiscible liquid ol known sjiccihe giacitc, as 
chloiotoim, benzol, oi, as i eeomnieiided bj Baiboiii and Ilanultoii bioiiibenzene — 
\3le11e mixtuie The gicat advantage ot the lattei mixtiiie against the eailiei 
ones tiled, as chloiotoim-benzeiie Mlene 01 gasoline, is then lelatneh gieat 
stability of glavlt^ e\en aftei consideiable exposine to ecapoiation 

Buiette-like tubes measuring 16 b^ 400 mm aie used, the tailing time be 
tween tno maiks 30 cm apait being mcasuicd The liquid is measmed and 
plaeecl in the guuitj mixtuies b^ means ot a simple stuiight jupette, the liquid 
dischaiging bj giavity, and the quantity being uieasnied between maiks Each 
appaiatus caiiies tliiee tubes ot the mixtuies baling gianties ot 1 010, 1 020, 
and 1 040 whieh eoveis the maMmnin and minimum langes ot blood and seium 
(Pig 1) Be moie than fi\e loais studj oi the method in use b% students, it is 
eleai that in coiiipaiison mth othei methods foz eiahiatiug blood conditions, as 
led cell count, and hemoglobin In saiious methods it stands hist tiom eseij 
standpoint And calculations ot icd cells, hemoglobin, etc, fioin companson 
tables piepaied tioiii actual findings on bloods of known composition, show un- 
expected accuiaey 

The method is not automatic 01 inoot against misuse, but it is lompiiatnelv 
simple and lapicl, and accuiate witlim the limits ot application lecommended 
Like all's othei method it lequnes leasonable attention to keep 111 aood oidei , 
such as piopei ■washing ol the pipettes, and occasional testing ot the giacitj of 
the mixtuies with the stanclaicl giaiity solutions 

The conqiact toim show'ii in the hguics includes a split second tiniei, which 
much cxpciience has pioved to be at least as accuiate as tlie avciage model ate 
pi iced Swiss laboiatoij stop watch 

The one handed iniiettc conti ollei likewise has pi o\ ed i ei v efficient and 
satistactoij 

In making a test but a moment is lequiied to nisei t a pipette into the eon- 
tiollei and iinsc it with eonceutiated sodium eitiate solution 

The eai 01 fingei is tlieu punctiued in the usual maunei iiom which time 
the test IS completed and the theimonietei and table icacl in not 11101 e than one 
imnute (Table I) Since the pipette is eahbiated between two maiks, and tiom 
the low'd maik to the point, a second 01 contiol test can be made tiom the one 
filling 

•rroin the Department o£ Phjslologi and Plnrmacologj School of Aledicine Unnersitc 

of Pittihur,jh in,, 

ReceieeU foi publication, Januarj t 19J-’ 
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Tvhle I 

isHOW 1^G Kf}Ul\ ILENT SptCUIC OlUMTY lOIt V GlSEN PVLLIM TlME, I E., A DPOP PlLLINC 
IN 11" AT 2U° IN TUIIE I, WObLD IIVNE V SPtCIHC OltWITi Of 1 0J9 


TUIIE I SP Gl_ 1 0100 


TIME 




SP GR 

\T TFMI 

INDU VTFD 




SEC 

21“ 

22® 

23“ 

24“ 

25“ 

26“ 

27“ 

28“ 

29“ 

10 










10 ) 


Pr<.fi\ 1 0 to t 

idi re ulii 

'S 





11 









200 

11 ■) 







291 

281 

271 

12 





300 

200 

280 

270 

260 

12 i 




201) 

286 

277 

267 

217 

248 

13 



201 

281 

271 

266 

211 

247 

238 

Hd 


201 

280 

276 

261 

216 

246 

237 

230 

U 

296 

2S7 

270 

266 

216 

247 

238 

230 

-yii 

14 1 

200 

2S0 

270 

210 

248 

240 

210 

12 

214 

11 

2S3 

272 

264 

233 

242 

2« 

224 

215 

200 

11 1 

277 

267 

217 

246 

231 

227 

218 

209 

200 

16 

270 

260 

211 

240 

230 

220 

212 

202 

194 

16 1 

264 

211 

240 

234 

224 

215 

206 

107 

187 

17 

238 

230 

240 

220 

219 

210 

201 

193 

183 

17 1 

213 

241 

235 

224 

214 

205 

197 

189 

ISO 

IS 

240 

241 

231 

220 

210 

201 

103 

184 

175 

185 

241 

237 

226 

211 

201 

108 

190 

ISO 

170 

19 

242 

232 

222 

212 

202 

195 

ISO 

177 

167 

10 3 

238 

228 

218 

208 

100 

192 

182 

173 

164 

20 

233 

225 

215 

205 

197 

189 

170 

170 

160 


TUBE 11 SP CR. — 1 0200 


TIME 

SEC 

21“ 

22® 

23“ 

24“ 

25“ 

26“ 

27° 

28“ 

29“ 

10 

405 

483 

478 

467 

415 

445 

435 

427 

420 

10 1 

470 

467 

417 

447 

436 

425 

417 

410 

402 

11 

460 


439 

420 

419 

410 

400 

305 

387 

11 1 

446 

435 

424 

414 

404 

301 

388 

382 

375 

12 

434 


410 

401 

301 

385 

377 

372 

365 

12 1 

420 

400 

398 

390 

381 

375 

367 

362 

355 

13 

410 

300 

3SS 

380 

372 

305 

3 58 

353 

347 

13 1 

400 

380 

380 

371 

364 

356 

350 

345 

330 

14 

301 

380 

372 

304 

350 

340 

343 

337 

331 

14 1 

383 

373 

365 

357 

340 

342 

336 

330 

323 

13 

375 

367 

359 

351 

343 

330 

330 

323 

317 

1*5 5 

308 

361 

352 

345 

337 

330 

324 

317 

310 

16 

364 

355 

347 

340 

333 

325 

319 

312 

30G 

10 1 

360 

350 

143 

330 

329 

321 

314 

306 

300 

17 

356 

347 

339 

332 

325 

317 

309 

301 

29 1 

17 5 

354 

344 

335 

327 

320 

312 

305 

207 

292 

18 

351 

341 

331 

323 

316 

308 

300 

203 

287 

18 3 

349 

338 

328 

320 

312 

305 

206 

289 

284 

19 

347 

335 

325 

317 

300 

301 

203 

285 

2 SO 

10 5 

345 

333 

323 

314 

306 

29S 

280 

282 

277 

20 

342 

330 

320 

312 

303 

294 

2S5 

279 

273 
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a HI- jouKN-vr. or i vbokvioky cumcvl mu)icixl 


B3 coui,uhmg the compaidtive duut, the guiMt} huding uuii be tianslated 
into teinii, oL dppio\imate hemoglobin content, seclunent columc 01 led cell 
count (Fjg 2) 

Only a moment is iiHinued to iinue the pipette wth citiate solution and to 
dismount it and letuin it and the contiollei to then places The appaiatus is 
inoMcled with a eovei and handle Joi caujiug Its dimensions aie 4 b\ 4 In IS 
inches and neighs fiie pounds 

Fuithei details ol technic and in .dilation studies will be picsentcd in a pa 
pei ^McLain Laiilei and Ileint/elman 

UCl LM NCEs 

J Bnrbour, II G, iml II imilton, It P Blood Specific Gri\it\, Its SiginfiLincc iiid a Xcii 
"Method for Its Bctcniiuutioii, Am I Plnaiol 69 OoJ, 1‘>J4 
11 Barbour, II C. , ind II imiltiui, M P Falling Drop "Method tor Dcturmniing Specific 
Groitc, Cliiiu il Apphe itioiH, J V AI A 88 ‘11, 10J7 


A RAPID PARAFFIN TECHNIC®! 


W L HcN VM.VR V, 31 D , Hi\is, Ii b 

^^7IIILE the commonly emploted methods Joi paiaffin impiegnation ot tissues 
' ' tollowing 1 ipid deliydiatiou aic suitable toi suigieal diagnoses, they cannot 
be used ioi minute histologic stud.v oi photoimerogi aphj This is due to shrink- 
age of the tissue Mith lesultant distoitiou and loss ot cell defimtiou 

The iiecessiti ioi a lapid method jet one which would poinut ot detailed 
histologic study aiose dining a peiioil ot insufficient teeluncal assistance and led 
lo expeiimentation along these lines This icsulted in a method, wliieli in our 
hands, has gneii highly satislactoii lesults and lias been adopted loiitineh’ m 
tins laboiatoiA to the exclusion of .ill otliei methods 
The pioeeduie is as tollows 

10 pel cent toimalin fixation 

Cut pieces ioi section 2 mm in thickness 

SO pel cent alcohol hi teen nuiiutes 

95 pei cent alcohol foity-five minutes (40 x as much solutiou as 
tissue) 

Acetone c p loi fitteen minutes Poui olt and add 40 x as 
much tiesh acetone as tissue toi se%entj-fiie miiuites 

Paiaffin (haid 54°) m o\eii one lioiii One puaffiu only is 
used 

Imbed and section 

In lemoA'ing paiaffin fiom slide inececling staining, one xjdol 
only IS used 

The usual staining piocesses iiuij be emploced 

Sections aie blotted tollowmg giaded alcohoE and eleaied with 
some essential oil (elo\es, oiigauum, etc ) 


•From tlio Clinical laiboratory and Laboratorj Center and Cancer Center 
Receited for publication Pecember 21 1911 

fPubllslied under R C P 0 109 U S Vetei-iin, Vdniini-,tratIon 
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The seciet of success lu tins method lies 

1 In the avoichuice of any of the commonly used dealing agents (xylol, 
chloiofoini, toluol, ben/ol, etc ) 

2 The least possible time m oven heat The dealing agents and piolonged 
heat are the lactois largely responsible for tissue shrinkage 

AVhen no dealing agent other than an essential oil is used, paiafhn impieg- 
iiation takes place lapidlj’' and is complete in less than one hour, thereby obviat- 
ing long continued oven heat Acetone, being highly volatile, is rapidly driven 
olf by the heat ot the oven , hence, there is no necessity for moie than one change 
of paialfin 

The pieceding technic earefullv followed, lesults nr lapid dehydration and 
paraffin impregnation with a minimum of tissue shimkage and cell distortion 


A PRACTICAL STAINING ilETIIOD FOR INTESTINAL PROTOZOA'^ 


II Tsuchiia, ScD, Sr Louis, Mo 


A S CONTRASTED with the time consuming procedures employed foi secur- 
mg pei-manent piepaiations ot intestinal protozoa by means of iron-hema- 
towhn stain, the following method is found to be simple, rapid and efficient, 
especially rrhen protozoa are required to be stained quickly for diagnostic noik 
The tcchnie is described as follows 

1 Smear a bit of stool on a clean slide, and make a thin moist film (thin 
enough to read ncvspapei punt through) by using a drop of noinial saline as 
diluent Keep the preparation moist at all tunes during this and subsequent 
steps This IS vitally important 

2 Fix iiniiiediately m warm Schaudinn’s fluid (65 ec of saturated HgCL 
and 35 c c ot 95 pei cent alcohol to iihich 3 c c of glacial acetic acid is added be- 
loio use, and this is heated to 60° C ) foi ten minutes in case ot tiopho/oites and 
lilteen minutes in case of evsts 

j Renioie sublimate bj uiinieisnig for ten minntes into 70 pei cent alcohol 
to uhich seicial chops of the tinctiue of iodine aie added 

4 W ash 111 lunnnig tap ivatei loi one minute 

5 Jloidant in a 4 pei cent aqueous uou alum (ieiiic ammonium sulphate) 
loi tisents minutes 

6 tV.isli in lunmiig tap uatci loi thiec minutes 

7 Shake otl tin evcssisateu fiom the slide and muucdutch apph Wn-dit’s 
Siam 111 i sumlai m iimci as loi blood smeai , i e, one minute uith Wn"dit's 
St nil and lur minutes attd m ulelition ot equal mimbei ot drops ot distdled 
walei 

s \\ ,sh m luuumg t q, m ,Ui hn one mmute, and shake otl the extes.s u .td 
Uinn Uu shvU 


l iiU r 

I 


I r Jii ih 1> D irlnu lii <»f ll U rluU ^ 

He s,h.,ol of maku, n»iiunoloi,e ‘"J fublU lUalUi M 

le.il ft>r imlillc ilt.iii J iim irj - ‘sninfeion 
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9 Delijdi ate giaded alcohol fitteeii seconds each m 70 pei cent, 9o pei 
cent, and absolute alcohol 

10 Cleai in two changes ot \>lol ±oi thiee minutes each 

11 Apply a coveislip gentlj’- o\ei a diop ol neutial balsam, and lea\e in an 
incubatoi at 37° C until e\anuned 

Contiaij to the hematoxclin methods, this method does not lequiie dit- 
tcientiation of AViight’s stain bj means ot a moidaiit, the piocess ot which is 
consideied difficult by those who aie ineNpeiienced Fuitheimoie, AViight s 
stain gi\es a Aei> ele.u pic tine, and enables one to lecognize leadih the stiuc- 
tuial chaiacteiisties ot an oiganism in question Such may be well illustiated b\ 
the nuclei ot laiious endamebae in which the kaiyosome, chiomatiu gianules, and 
linin netwoik aie biought out in daik blue coloi against a pinkish backgtoinid 
of eosin 

Bj viitue of the simplicitv and the bieiity of time spent loi the technic to 
gethei with mvkI coloi contiasts ot laiious structuies, this method can advan 
tageously be employed in a final diagnosis ot intestinal protozoa, whenever it is 
difficult to determine rvitli ceitamtj the species pusent 
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Robert A KiLDiiifE, MD, Abstract Editof 


IjEUKEMlA Proteolytic Leukocytic Enzyme in, Cooke, J V Arck Int kicd 49 836, 
1932 


The folloiving method i\as used 

At approximate!} the same time that a total and stained differential leucocj te count 
IS made, a sample of \ cnous blood is placed in a test tube ivith a small amount of powdered 
sodium oxalate to prevent clotting The total \olume haiing been iiiaiked on the tube, the 
specimen is then centrifuged and the supeinatant plasma remoied and discarded, care 
being used to a\oid taking anay any cells The cells are then ivashed three times in 0 83 
per cent salt solution to get rid of the last tracts of serum, and after the last Hashing the 
same solution is added to the tube until the original lolume is reached This is iiell shaken 
to distribute the leucootes evenly, and 3 cc samples arc plated in large test tubes mth 
a lolumetnc pipette Those are treated as follons (1) Control To this tube is added 
21 c c of distilled nater, 3 e c of a 10 per tent solution of sodium tungstate and 3 c e of 
tHo thirds normal sulphuric acid After shaking and filtering, the nonprotein nitrogen is 
dttorniined on a sample of the filtrate and the milligiams of nonprotein nitrogen per hun 
dred cubic ccntimcteis calculated (2) Protease actiiity in neutral medium After the 
addition of 7 e t of Mater and a small quantity of toluene, the tube is intubated at ST" C 
for five days Then 3 cc of a 10 per cent solution of sodium tungstate, 3 cc of tiio 
thirds normal sulphuric acid and 14 e c of iiater are added and the nonprotcin nitrogen 
determination made on the filtrate 

The procedure outlined is the well knoM n method of Folin and Wu and the determina 
tions of nonprotein nitrogen arc carried out b} acid digestion and nesslenzation, as usual 
The results are all expressed as milligrains of nitrogen per hundred cubic centimeters of 
blood 


Samples of blood Mithout leucocytes obtained bv taking onl} the lowermost la} ers of 
cells after Mashing Mith salt solution b} centrifugation shoM no eiidence of proteolytic 
actu iti 

In chronic m}Cloid leucemia the blood protease Mas found to be eonsidcrabl} increaseu 
Although the readings usuall} caned in direct relation to the leueoc\tc count, there Mere 
ccrtaiu exceptions suggesting that the protease actixitx of these cells might car} under 
cert nil conditions 

In the single case of chrome Ix mplioid Icuccniii studieil the blood protease Mas 
decreased 

In acute Ixmpliitic Icuceiiiia, both high and loxx xalucs for blood protease Mere found 
Vn aiial}sis of txxentx determinations made on txxelxe patients indicates that the non 
granular leueoextes 111 u ute leuei im i in ix Iiaxe i r ithe r high protease aetix it} comparable 
to that of the granular cells but that this protease eoiitent becomes inarkedlx decreased 
in the lite Hta„c ot the disease V siniil ir durease in protease aetix itx of these cells ae 
companies toxic periods sIiomii In fex.r tnd prostration uhuh max oeeur in the course of 
the illness 


llie net that the abnorm il iiongruniil ir leueoex tOs of acute leucemia ma} contain 
nbuiidaiit proteise nen though their eii/xiiie lonteiit max he decreased ill certain stage 
of the disease is iiit. rpreted as ex, dime tint these cells should be considered more iloselv 
rented to the griiiulir ,1.x eloextes thin to the true lx niplioc} tes, and that their ormin i 
in the bom nmrrou .ml not the Ixmphitie sesteii. It s.eiiis prob ible tint the . " ^ t 

Knipitr::::::" ^ --m ...d mr;,:; 


llo". 
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meningitis Tuberculous, Levinson Test In, Gleech, M Am T Dm Clutil 43 1077, 
1032 

riie uutbor considers the test ot eorroboratnc \ ilue‘ 

BLOOD SEDIMENTATION Practical Value of. Cutler, J W liii T :Med Se 183 bio, 
1932 

Bused on ii studv of ^000 imtient-, the lollouin{; touelusions are dm\n 
DIStVSLS r,ROl PLD ACCOltDINO TO SEDIMtNT VTIO\ R\rtS> 

1\ ith an Abnormal 'Dedimontation Rate 

1 Chrome inteetioiis disoi'C, such ns tuberculosis ind sjphilm 

2 Acute infectious diseases, such is pneumouia septicemia, acute endocarditis, the 
PAunthemata ind acute bronchitis 

3 Malign me \ 

4 Locali/cd suppurations, such is pelcie intlamniator> disease, suppuratne mas 
toubtis, suppuratne sinusitis, cmpccma ot the gill bl idiler, bronehicetasis 

7 Acute intoMc itions, such is lead and arsenic poisoning 
() Cert nil endocrine disturbances, sueli us tin roid to\ieO'is 

tMLlEVCINQ TUE SEDIMENTATION KATE \ER\ LITTLE 11 VT ILL 

1 &iiuple catarrlial lufl luim itions, such is acute catarrhal appendicitis, simple rhi 
nitis and colitis 

2 Chrome ulcerations of small cNtcnt such as gastric or duodenal ulcer 

NOT IN1LIE.NCINO THE SEDIMENT ITION RITE 

1 Functional diseases, such as the carious neuroses md neiirasthcma 

2 Certain ucrcous diseases, such us dementia precoN 

3 Focal infections, such as abscessed teeth discised tonsils and chronic sinusitis 

4 Metabolic diseases, such as uncomplicated diahctcs ind essential hcpertcusion 
o Allergic disiiiscs, such us asthma and has fc\er 

0 Most skin disc ises 

7 Simple grouths, sucli ns tihronu lipoma, and fibronnomn 

5 Simple cists 

9 Chrome % ihniar di'O ise of tiie heart 

ECLAMPSIA Serum Calcium in, Anderson, D P Brit T E\per Path 13 1S2 1932 

Eight! tno per cent of the 44 eases of eclampsia iniestigatod shoued subnormal 
serum calcium \ ilui s, that is, 9 mg per 100 cc and under 

Fifti mno pi r cent of the 17 enscs of nephritic and preeclamptic tovemia were as 
sociited with a subnornial scrum ealeium 

Se\ enteen per cent of the 35 cases of normal pregnauei at full time, in labor, and 
shortlj after deliien had sorum calcium lalucs lower than normal 

Thirti one other cases, maiuU of complicated preguauci, Mere CNiimncd in respect 
of their scrum calcium le\cl 

From the ai ailahle data, it is impossible to assess the effect ot injections of ealeium 
gluconate, iiitr ic cnouslj or othcrMise In the doses gi\ea, 10 c c it has no ibrupt effect 
on the fretpicnej of the fits 

BILDaxJBINEMIA Qualitative and Quantitative Estimation of, Greco, A Diag c Tech 
di Lab 2 925, 1931 

Greco describes a modification of Doddi’s method us folloMs 
Seagentt, 

10 per cent solution barium chloride 
N/10 aleohohe solution potassium Indroxide 
Concentrated sulphuric acid 
Doddi ’s re igeut 

Potassium isoparamtrodiazobenzol 5 parts 

Distilled water 1000 jiarts 

Must be freshh prepared 
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method , 

... ™ :rr. - « 
:n=r«r;.i— «“ — ' 

uatant fluid to a clean tube reacent and 0 5 c c of aulpbuiic acid Bihrubm 

Add C drops of frcsblj prepared Doddi s reag ^ ^^ouds 

gives a sudden reddish purple color turning purple and becom 

The test IS sensitive to 1 1,000,000 ^ diagram adjusted to the 

The leaction may be made quantitative Dy t. 

Autenreith colorimeter ^ 

PHKOm«TIOHl^ST .«.! - 

r,- ■>' -»• ■“»* 

2 One rubber stopper No 3 with 2 holes 

3 A 1 mch funnel with a stem 4 inches long 

4 A IV. inch right angle glass tube Vs in^ 

5 A piece of rubber tubing 9 inches long by Ks me 

mouth piece , , jy, mm m diameter When inserted 

The end of the funnel ,he funnel' stem should almost touch the hot 

through the rubber stopper and the m a No 9 rubber stopper 

ton Tor grrator .t.l.iUl/ tto b.,. .1 , „j „„pp„ „ „pla«a, ge.U. 

Tb. » tbt .«. •'» ibi ...n«lc« ™tb th. ngbt »glc gl-s 

mouth or othenvise is applied by means solution is poured mto the 

tube This causes bubbling through the “ entrapped air between the 

funnel one drop at a time, saj - P «ntifren in the iial If mechanical suction 

drops does the mixing of the salt so uUon reproduce the mixing exactlj each time 

13 used and also a dropping funne, ^ ^ something almost impossible with the 

and standardize the emulsion with g 
mixers m gcneial use 

i « ♦'ho ^proloffical and Immunological Seac 
s°e“:Lctton, Kirhbnde, M B, and Cohen. S H. 

(Author’s abstract) 

made in connection with the production of thera 
In a study of , uassification of ^441 strains recened from 

peutic antimemngococcus scrum, " Of I,- strains received from 1910 through 

1016 through 1030 24 3 per cent. Group 111, 0 9 per cent 

1927, 8 7 per cent were Group P" jog strains received from 1928 through 

oroup I or III, and S3 per cent Group X Of ^ ^ 

1930, 24 5 per cent were Group I, 3 9 per cent 

per cent, Group I or HI, and "^;^/f3nd m this series However, since str iins of 

No ^ epidemic m this couiitrv, a comparison ot several 

this group had cc ^ \,,„iritaii Group 1\ , as represented bv the federal standard 

Group to he related to the Englmh Group IV according to the results of ag 

f t ts'\ strain isolit.d in this countrv in 1923 was tomid to be allied with both 
lutiuitiou cs represent a broad group which includes all threa On 

tlnir limit, d iiuideiiee, it is question ible whether Group IV strains ire esseiitiil at 
imlut ill the proiluetiou ot ther ipeutie sen 

V lolvvileiit S.rum produved with six e iretullv selected strains, represent itive ot 
s I II iii'l f 1' ‘I’l’* possess V ileiiev tor the ni ijoritv ot the s rains cl ussilied as 

t.rouir“'v , "huh in.lu.Ud str iins not spe.ilKallv igglutmated hv the nionov ileiit group 

sir nils of 1. roups I mil III whnh gave „roup specDie strolo„ie reaetiims when 

, . 1 ,.1 Iiol ird strims lu 1919 hav. becom as a result ol lun„ eontinued artificial cultl 

Silovik * 

T\ rtlitvd lu a^^luttu ilu»u iiul iiK rt iction^ llowcM-r, aim u lkt 
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tnin freslil\ isol striiiis nc Tgglutiintid jipciitiialK oitlitr Group I or Group III stra, 
It IS considtrt'd import iiit for purpoata ot tliirapcutic strum produitiou to toiitinut to rttog 
iii/t both groups Ftder il staiidsrd sti mis of Groups I iiid III utrt ilao touiid to lie tlostlr 
rtlsttd Thtt did not, lione\tr, toircspoiid iloath in serologic n utions to stite st iiidsrd 
strains of the bimc gioups 

None ot scitiititii rctenth laoHttd iiiciiiiigoiottus striins rtttmd from cpidtiiiit 
centers, n is apparinth m irlccdh suptrior aiitigtiiii ilh, is determined bi the igglutiintne 
titers of ser i prodmtd in r dibits, to the at iti st iiid ird str nils iisid for more than thirteen 
■vears in serum production 

Further I ibor itore atude and eliiiit il d it i ire riejuired before the present state atriina 
are replaced b\ reeinth isolated strains in the routine production of the therapeutic serum 

■UErNE A New Method of Staining Urinary Sediment, Fiorentino, M Diag e Tech 
eh Lab 2 SI7. lOtl 

Fiorentino deaeribes a method dense el b\ himself is follona 
Scayeiiti — 

I The folloieiiig stock solutions tie needed, all being at iblt 
a Saturited aejueous solution of metliil iiolet 

b Saturated leiueous solution ot toluene blue 
e Saturated iqueoiis solution ot nile blue (sulphite) 
d Saturated if)Ui oua solution of ereseleeht iiolet 

II Sudan III (ponder) 

III A 10 per eent solution of sodium ehlonde to nhieli is idded 30 per cent of acetone 

N iCl 200 gin 

Distilled niter 1-400 e e 

Vcetoiio oOO e e 


Tilt formula tor the at lining solution is is tollons 


Stock solution a 04 cc 

Stock solution b 3 0 c t 

Stock solution e 3 G e e 

Stock solution d GO 0 c e 

Veetone eldoridt solution 133 c c 


Place in a nell stoppered bottle, idd Sudan III to saturate, sinking at frequeut inter 
\als tor "seceral" daes 

Allon the uiidissoUcd Sudan III to settle, dee int the supernitaiit iluid iiid filter npully 
through a double filter nell moistened nitb the leitone chloride solution Add to the filtrate 
20 c t of the acetone chloride solution 


Method — 

To a minute drop of sediment on a ele in slide add a large diiq) of the stain and nm 
rapidh nith i glass rod, smearing the nneture at the aame time nith a rotare motion 
Apply covei glass and cMiiiine 
A colored pi ito shons the staining rnetiona 


COLLOIDAI. GOLD SOLUTION Method for Preparation of, Levine, B S Am J Syph 
16 103, 1932 


The glassware lequired Tno 1000 e e tiorenee tlaaks so built tint 1000 e e of fiuid does 
not quite fill their bulbs tno 10 c e , one See, and one lee pipettes one 1000 e e and 
one aOO cc cylinder graduates 

The reagents Gold chloride, 1 per cent solution, pot isaiuni carbonate, 2 per cent solu 
tion, formaldehyde fresh, 1 per cent solution hydrogen peroxide solution, absoluteh tresh 
All cliemicils must be of the highest degree of puiiti, and the solutions must be prepared nith 


the utmost degree ot aecuiacx 

Clemiug of gl issn ire Fill the fioreiiee fl isks iiid the exliuders mth aqua regi i , sub 
meige the pipettes into this elciiiing mixtuie in one ot the exliuders iiiii let stiud oxer uigh* 
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The following iiioiniug poui the aqu i regi i into the stoiage bottle and rinse the glassivaic in 
side and out twice with carefullj pieparcd singlj distilled water, taking care to remove all 
the acid vapor Now, fill the flasks and the cvlinders with a 1 per cent solution of Na^-COj 
made with singla distilled water and submerge the pipettes into one of the cylinders Rinse 
the glassware with this alkaline solution inside and out thoroughly Pour the carbonate solu 
tion into the storage bottle md rinse the glassw irt twice with singlj distilled watei The 
same procedure of cleaning should be applied to the bottles in which the reagents aie made 
up, to the tubes in the test proper, and to the glassware used for making the distilled water 
This step of glassware cleaning is essential and should be followed out serupulouslj 

Preparation of the gold sol Measure mto each of two florenee flasks, cleaned as de 
scribed above, 500 cc of carefully prepared doubly distilled water Heat one flask to 90° 
and the other to 60° Remove from the flame To the flask heated to 90° add 10 c e of the 
1 per tent gold chloride solution Heat for about one minute Rtmoie fiom the flame Add 
7 c e of the 2 per cent potassium caibonate solution Shake until tht golden j eliow color com 
pletelj disappears 

To the florente flask containing the 500 ce of doubly distilled water heated to 60° add 
5 c e of the 1 pei cent formol solution Shake well Now, with the let pipette add to this 
flask from one to thiee drops of absolutely fresh hjdrogen pti oxide Shake the contents to 
insure thorough distribution of the leagents Rapid^ and with constant shaking add the 
formol peroxide solution to the gold carbonate solution Continue shaking until the reac 
tion IS complete 

The piogress of the reaction is rapid and is denoted by the successive appearance of 
three colors Pirst, a light violet, second, a blue to dark blue, thud, a lose icd to rubj red 
with a tinge of blue Occasionally the completion of the icaction is more direct and the blue 
color does not appear Aurosol thus prepared appears tniispaient bv tiansmitted light and 
decidedly lakv bj reflected light Five nuls of it become couipleteh decoloiizcd bj 1 7 o o of 
a 1 per cent NaCl solution within fifteen to sixtc minutes With ccrebiospinal fluids such 
aurosol gives regular results of the jiropei sensitiveness and reliable coustancj 


STAHT Method for Spirochetes and Moulds With Anilin Dyes, Olsen, B E , and Weller, 

C V Am T Svph 16 113, 1932 

A Flioitphonwhjljdic Acid Dye Method foi hmenis — 

1 Dry unfixed sine ii prepaiation bj flaming gentlj 

2 Iiiiiiicrse in a satuiatcd aqueous solution of phosphoiiiolybdn acid at 50° to 65° C 
tor thirtj to sixty minutes 

3 Wash off in distilled water for a few seconds 

4 Immerse in the staining solution at 50° to 65° C for thirtv to sixtv minutes Carbol 
tuchsin, i. irbol iodine green, and Uiiua’s alkaline imtlivleni. blue, ire recommended but manj 
other basic imhiie dves inav be used 

5 Wash off 111 distilled water, dchjelrite in absolute aleohol, ti insfei to xvlol, and 
mount ill t'lnadi balsiin, or after w ishing siinplv drj bj blotting and mount m balsam 

I> Pho^tphomoUjbdic Acid Uiie Method for Coici Slip Sections of hixcd Tiisiies 

1 Cut p ir ifiiii sections ibout ten niierons thick and mount on clem cover gl isses with 
ilbumin fixative 

2 Drv in oven it ibout 40° C for two to tweiitv tour hours 

3 Remove p ir efliu in x\ lol md tr iiisfer through ebseilute ih ohol to distilled w itei 

4 Rroeiiil with the method given tor sine ir prep ir itions 


rUBERCULOSXS Parenteral BCG Vaccination, Kerezturi, C , Park W H. and Shi rv -r 

Vm T Dis ( hihl 43 27 I‘> IJ ’ ’ ’ 

rile loUowiii), eonelusieiiis in idv tiieeil from this studv 

liUri.hrni.l b ( (■'« e in . tion superior to the sub. ut ineous tv pe beeaUs. if el„ e i, 

UK iH kurrul no ivtltl ilt'-nss lUxtlujt'* Oii tlu utlur li iml li\n * ^ ^ 

. 1 ... 

^ ■’‘•'HUtmeous method is 
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lu 87 per cent of inrtiittr ilh \ item itul pitionta li> ptruii'iitivcuess to tulxrculm de 
\ eloped Lithtr teinponrih or tor i longer period 

The uae ot both the auhiut iiicoiia and the uitr uloniut methods of B C 6 \ iceination has 
heoii Inrnilcss 

CAKTOBE The Beudien Test for, Breemau, M., et al tCed J Australia 11 778 1031 

Froni a stade of this test in 277 rises the luthors tfomlude that the reietion is non 
speeifie and unreliable 

BETTCELLA GKOtTB Serological Differentiation of Smooth Strains, Wilson, G S, and 
Miles, A. A. Brit T is\pir Path 13 1, 19)_* 

As a lesult ot the work neorded in the present piper, iiid in i piper hf Pandit nid 
Wilson (1933), it is coiuluded th it the Brueilla grou|) lontaiiis members wliieli mae be pri 
inanlj elassifieU into smooth iiid rough 

The smooth strains, eomprisiiig ihortiis ot buiiiit ind ponuie origin iiid melitcusis, are 
non thermo igglutin iblo, mil though some tuners igglutin ited slightJi hi aeid, art not ag 
glutinatofl bj silt The rough striiiis, eoiiiprisiiig pinaboitus aid inramehtensis are thermo 
■'aglotinable, art agglutiiutid stiongl^ be leid, and not lutneiueiitli be silt 

In their tjpical toims smooth aid rough strains hue no serologie relationship, though 
Jiitcriiicdialo strains oeiui i out lining both smooth aid rough aitigen 

Bj the use of son jire pared aganst ibsoluteh smooth strains, it is possible bj the ig 
glutinm absorption toelinu to diiide the smooth members into two tapes one tape eoutainiug 
bovine aid porcino ibortus, the other f>pt loiitiiiaug militiiisis strains 

Eiidtnci is brought to sugge-st tint tin (listiiiction betnesu ihortus aid nuliteiisis strains 
IS due, not to the prosouec ot eju ilit itiicB different antigens, but to the different quantita 
tne distribution ot too common aitigons 

Provided duo regard is pud to the relatumship betneen the absorbing dose and the 
titer of the scrum, monosjieeiiie sera can bi prepmd in irhieli the nn)or agglutinin of the 
type alone persists Ba me lus ot these sen unknonn stniiis ot the Brucella group can be 
rapidl) tjped bi direet igglutination 

The results ot testing one hundred stnins hr monospeeilie sen ire reeordeel, and with 
a single eiieption ifforded bi a group of strains troin i partuulir loi iliti, are seen to be 
in close aeeord nitli eoiulusious reaelieil ou epidemiologie and other grounils 

The rough strains haic not been fulh studied, but it appe irs tint there is at le ist one 
antigen common to all par i ibortus aud paniueliteiisis str ans 

It IS suggested that the re isoii «hi so uniy pieiious noiKers ha\c tided to differeuti 
ate serologienlh bctMein abortus and mehtensis is bee i use thei hue not realized the im 
portaueo ot using absolutolj smooth strains for the preparition ot their sen Siuee meliteusis 
strains line a ni irked teudeiici to become lOugh iii the lahontori, it is, is i rule, difficult to 
obtain s itisfaetor^ sera against the meliteusis tape unless reieiitli isolated stnins are used 
Unless perfectly smooth strains are employed, the resulting sen mil contain some rough ag 
glutiiun, nhieh mil tend to obscure the clear diffcrentiatitm or the tvpes 

BHilExrBINEMIA The Diazo Eeaction as a Quantitative Procedure, White, P D Bnt 
J Evper Path 13 SO, 1932 

The folloivuig nen standard is described 

One and three tenths grims ot auhidrous eobilt sulphate aie dissolved in 50 e c of dis 
tilled Mater To this is added giaduallj, mth shaking and eOoUng, 40 e e of concentrated 
hydrochloric acid (sp gr 1 19), and the solution made up to 300 e e mth distilled water As 
(he acid is added the color ot the solution thanges to 1 bluish \ioIet, uhieh gndualh reverts 
to a more reddish violet, the permanent hue Por tins reason the solution should be prepared 
twenty four hours ho fore use, and kept well stoppered and out of eoutact with bght Pre 
pared thus, the solution is app irentl} si ible, it hjs been tested repeatedlj during a period of 
three months, and Ins iinanabh sIiomu the aaiue azobilirubm color \alue Further, the color 
intensity of the solution is proportion il to the concentration of cobalt salt, and consequently 
Mcakei or stronger standards e in be pvepaied bj dissohing the appropriate imouuts ol the 
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sulpli ite, ^ddulg 40 c c of coiiciiiti jtcd l)^dlOl,lllorIe ocid, aud aiaking up to 100 ce, iltliough 
the color is sutU th it stiongcr st lud uds aie not mommciidcd 

MENINGITIS New Eeaction in Spinal Eluid, Eriedman, A F Arch f Psychiat 95 

273 1931 

To 1 c c ot fieshl 3 uithdnun ceiebiospiiial fluid, 1 diop (0 05 c c ) of a 1 pei cent 
aqueous solution of potassium peunaiigaiiate is added, and this mixture is ucll shaken In 
normal cerebrospinal fluid or in patients with oigaiue disorders of the central neivous system 
without iii\ oil ement ot the iiiciiiiiges, the mixture has a light violet eoloi and this color per 
sists, tieii if from 2 to 3 drops of i 20 pei cent solution of tiichloracetie acid is added 
Howeier, in eases of meningitis the iiolet coloi changes a few seconds after addition of the 
potassium permanganate solution to a rose yellow and to a blown yellow, and if tri 
ehloraeetic acid solution is then added to the eeiebiospinal fluid of purulent meningitis the 
reaction goes still fuither the jiotassiuiii permanganate becomes more deacidified The mrs 
ture becomes light yellow and finally cntiieix coloilcss with simultaneous clouding and sedi 
ment formation In other forms ot ineiiiiigitis the lattei changes are not noted 

B MUCOSES INEECTION of the New Bom, Jampolls, M , et al Am I Dis Child 43 70, 
3932 


An outbieak of infectious diauhca developed iii a nuiseij toi the newborn Tins out 
break spread insidiousp A latent peiiod of two months elapsed attei the fiist few cases 
appeared 

The constitutional sjmptonis, severe intoxicatiou, dehxdiatiou and piostration, weie out 
of proportion to the relativeU mild diarthcal sjmptoms 

The stools averaged about si\ dailv Thej weic witerj and contained mucus but no 
blood or pus, except in oue case 

The inoitalitv was high in spite or the usual accepted ticatment for aiihydremic 
intoxication 

Apparently the offending org iiiisni was B mucosus, the viiulence of which may have 
been enhanced bv sjuibiosis with anhcniolytic sticptococci B mucosus was isolated from the 
lias il secretions, stomach contents, stools and intestinal mucosa in a lai ge number of the cases 
None of the usual oiganisms c lusiiig infectious diarihea, such as the tjplioid djseiitery gioups, 
were found 

The primal V and outstaiidmg pathologic findings in the fatal i ises consisted of acute 
enteritis, the mucous nicmliraue of the ileum being icd, swollen, fiiiclj granular and covered 
with reddish grav mucus Microseopu examination showed the mucosa to be infiltrated with 
poh morphonuclcar kucoextes and Ijiiiphocjtcc A few shallow ulcers were found and the 
Ixmphoid tissue was hj peitrophied However, there was a relative absence of involvement 
of the colon, which prohahlj aciouiits toi the e omparativ clx few di irrheal stools and the ah 
Bence ot pus iiid blood 

III oiilv 1 few Hist Hues w is tbi ri cvideiue of pircuteral iiifeitioii In a few babies 
terminal broneliopiuumom i and otitis nudii developed Cultures from discharge of the ears 
and the lungs in tliise eases reviikd the same oig inisms as were touiid in the intestinal 
le-sions, iiamelx , B mucosus iiiel aiiln iimlvtii stiiptoeoici 


Repe ited cultures from the thioit ind stool ot three nurseiv mauls revealed practieallj 
pure cultures of B mueosus When these imrserx muds were relieved of their duties m the 
nurse r\, the outhre ik promptlv subsided, end there has been no reeurrenee during the p ist 
time months Cultures treim two eit these girls hee iiiie negitive i few weeks after tonsil 
leelomx The third uiie retused operitioii, iiid the eullures renuined positive 

lor the p.st few x. irs peek itrie. kter iture h es eonl uned numerous aeeounts of out 
bre eks ot d.arrb. i s.m.l ir to the one eksenlKd here riiev arc usu illx attributed to narei.t. r .1 
mfeetums for the most put, tespiretorx ekse eses md otitis inedi i Ihe nareiit. r ,1 ,..e 
turn IS usu ilk held responsible tor the sexerc „cuer el svmptoms, and the di irrhe e is 
'olered -eeoml ux ludmeuknlil lb< mvestle uions leliorted m tins e i 'Seoii 

due lo pr.muv enure, is even ihou.h the st.ils eie. not show il::':",, Cj 
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The outst iiidiiiK ti ituris rti)ortccl irc (OB muto^us, is the etiologit ngtiit in stvtie 
infectious (li irrhi i, (b) nursery iii mis is c irriers, (t) the relitne ibsuiee of inreiitcnl in 
fe-etious, anil (d) the ibsiiiee ot the blooiB jmruUut stools th it ire eoiisidered ehaneteristie 
of iiitoetious diirrhei 

AGRAN OiiOCYTOSIS Myeloid Cell Hyperplasia m Bone Marrow, Fitzbugh, T , and 
E:runibliaar, E B Am T ,\t Se 183 104, lOJd 

Mieloeetes mil unelobHsts nire found in the bone in irrow it neerojue m more than 
norm il nuinbi rs in a else ot tipieil “ igr luuloeitie iiigini” iihose inti mortem blood count 
M IS 200 white nils per e mm (all hmphoiites), i i , i m irked ibsolutc riiluetion of hmpho 
e\tes and ibsiiue of ill other white lells 

B ised on this iiid simi] ir i ises reiordtd in tin liter iture, objection is riised to the eur 
relit Inpothisis of “gi iniiloeetie ipl isi i ’ is loiistiluting tlie “priiinri” pathologic mieh 
auistii of the cliseisi, iiid in its plue in h\puthisis ot “mituritioii irrest” is proposed tor 
consider ition and future stmh 

Inasiiiueh as there is in ibsolute neluetioii ot hmphoietes in the blood stre mi is well as 
ot nentroiilnls iiid on ueouiit ot lertiiii in ilogies with perineious iiiemia, designation such as 
jicrnieious leuiopenii is snggesfeel is [ireferible to the more iiidili Used ii lines tor this 
dise isi 

MALARIA Determination of Quinine in the Blood as a Gmde to Treatment, Vedder,| 
E B.andMasen, J M Am J Irop Med 11 217, Idol 

Two methods ire desiribed is follows 

MCTHOD 1 PIlEl eimriON ot Rt.Vt.ENTB VND STVNJIVIUS 
1 A 10 per cent solution of silieo tuiigstie leid in distilled w iter 
‘2 A 05 per eent norm il solution of hvdroehlorie leid 

3 Quinine st iiid trds V stoek solution is prepired i out lining 200 mgm anlivilrous 
(juiiiine in 1000 e e ot 0 5 X HOI One lubie eeiitiineter ot this solution eoutiuis 0 2 mg 

From this tour stindard solutions ire prepared ill dilutions being mule watli 05 X HCl 

1 Flic tenths eubie ecntimiter stoek solution is diluted to 100 ee live cubic ceuti 
meters ot this solution lont iin 0 005 or 1 mg per liter 

2 One eubie eentimeter stoek solution diluteil to 100 e i Five eubie eeiitimeters eon 
tarn 0 01 mg , 2 mg pti liter 

3 Two eubie eeiitinieters stoek solution to 100 ee Five cubic eentiuieters contain 0 02 
or 4 mg per liter 

4 Three cubic centimeters stoek solution to 100 ee Five eubie eeiitimeters contain 
0 03 or fa mg per liter 

These standards cover routine procedure eiiibling estiiii itions of eiuiiiino in the blood 
from 1 to 8 mg pei liter Higher stand irds in iv be prepared is required These solutions 
detenoiato when expose d to light and must be kept in brown glass bottles If protected from 
the light thej are perm iiieiit for it least one vear 

Technic — ^A small iirele of ibsorbeiit filter paper cut fioiii a tliiek Whatman e\tr letioii 
thuiiblo IS pi iced m the bottom of tube “ i” of the extraetion apparatus which in iv be made 
ill anj laboratorv This tube is then packed watli long fibei, acid w ished asbestos to within 
about 2 cm of the top The asbestos must not be packed too tightlv, otherwise the ether will 
not peieolate through the blood pioperlv Xeither must tho paekmg be too loose or the 
blood wdl not be properlv absorbed on the asbestos and some will esc ipe to the bottom ot 
the tube into the ether The eoiistrictiou is jil iced in tube “a” to prevent blood from How 
lug down the walls ot the tube thus escaping absoiptiou bv the asbestos 

Five cubic centimeters ot ovalated blood is pipetted on to the isbcstos of a small pledget 
of cotton placed in tho mouth of the tube, which is then luseited in tube “b” Ether is poured 
through the top ot tube “a” until at le ist 5 ce has pereol ited into the outer tube “b” 
The extractor is connected to a leflux condenser and is immersed m a warm water bath up to 
the level of the ether in tube “b” The extraction is then allowed to proceed tor two hours 
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Three It mil irils in jm 1' 'toll’. s lo i oh ot th. st mil mis is nhlul 
Ot tliL projKT st imUt'l solutions into sin i * vuiUnowu is uldetl 
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ing uater tilth tor ini m.imtis i^^^^^^^^^^^^ ,,1,. 1mm U i iK'iust the luirist iwroMiii ite 

Miter The mikiioMii is thiii iiiitiiiiu m ii i 

'•ti'ulu'*' .. ^,„,rinss WDUttOtM^ 

lUTiioi. J tunMiuiONs^ ^ „ su.t.l.le) IS Shikeii isith 

1 Oum Iroh.r-lMo i;r mis ot , j ,„h,h nsioii in a ihircnec 11 isk is 

100 ee of elistitleil Miit.r until loiovl.t K ''I „ ,iiu mu • n^'-' m the gum, 

lUinierseil m i ho.lmg hrmi h.th tor mie hour o keep m 

and IS then filtered nhile still hot On l Oo ii g months in the 1 ihor itor\ 

defin.teh itstoppend md k. pt m ‘ ‘■‘^'d.l.h mg 100 H'K ot pure mhidrous tiumine in 

o a ,tocl SKM .tei nu Morkmg stmdirds ire pro 

500 ee ot d ^ sulphur, e o.d s i ur i id ^ ^1^^^ ^ ^..d situ 

pired be diluting the stock solute, n 1 - - dilutions emit in, 0 01, 0 02, and 

rated zine sulph ite solution 1 ne eu i ^ proteeted 

003 mg tiuinme nspeetuih ‘ ^ L.s.t.i.te of the tost is iffe.tcd b} the con 

irom the Uglit be hronn gl iss ho th hui le aeid solution tor the preparation 

centntion ot the zme sulph ite, the /m. s i ^ tp, , umiiie ixtrieted from the 

of the standirds should be the sime is tl, it Used for ilissoniiig i 

“"“3 Tno % J^utnUunc Acul /.n,c Sulpha,, leohition _ The purest crjstalhue salt 
7nSO 7^0 slLld 1 used The 2 N sulphuric icul should bo s itunted mi li the sal at 
Crafure’s someMhat heloM thos. eneouiit.red m the ordm ire 

mJ trouble Mill be eepeneiieed on ueou.it ot the zme sulph ite 7' 

1 T'liiia if till iniuiniulu idbor itorj tcnipcratuic 13 «U O tlic 

the room temper iturc drops Thus t 

solution should be saturated at a temp, ra fj^ t^ ,omnionh used in the de 

4 Potaiilum Bumiithou^ Iodide heayent ims ,s a jea;, 
teetion of alkaloids, and there are a number ot formulas for its prepa. it.on The one out- 
lined gate the best results Place 4 68 gni ot bismuth onde m 80 e e eoneeutrated HQ, and 
idd Mater to 300 c e Then dissoUe 20 gm pot iss-uni iodide m Miter 7<1 to 700 

Technic Extraction of the blood m performed is dcsinbed 111 Method I As soon as 
extraction is complete and the ether ,s eeipmated, 5 e e ot 2 H Bulidmiic aeid saturated evitli 
zinc sulphate is added, and the tube mmursed lu the ho.lmg hriiie bath to. three ni.nu es in 
order to bring the timni.ie into solution The solution Ml.ile hot, is filteied irougli a No 42 
■Whatman filter, and, after haeing cooled to room temperature, an alifiuot of the filtrate, 3 ce, 
IS measured into a small test tube In tlirec sun.lai test tubes measuie i c c of each of the 
three quinine standard solutions Immerse both standards and unknown m a cold water bath 
(20 to 25® C ) for fi\e minutes in order to bring them to the same temper iture Then add 
to the staudaid 0 1 c c and to the unknown 0 06 c e of the gum aiahic solution, followed bj 
the same amounts ot the potassium bismuthous iodide reagent (0 1 c e to the standard and 
0 06 cc to the unknoMii) Mex and compare uuraediatelj m the colorimeter, Mith the stand 
ard set at 10 mm The comparisons must be made Mithin tMO minutes fiom the time that the 
solutions aie mextd, as the color changes on standing The calculation is made m the usual 
manner as described under Method I 

As in most coloi line trie procedures, the closer the strength of the standard approximates 
that of file uiiknoMii, the iiioie leeurate Mill be the coloruuetric mitehing Howecer for prac 
tical purposes it is sufhcieiit to prepaie three standards as "just deseiihed and comparing the 
unknoMn Mith the nc irest stindud 
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EETICXTCiOCYTES Staining of, Osgood, E E, and Wimelni, M BI. Proc Sol E\pcr 

Biol iV Med 29 "lo, 1931 

The tollowing mttliod m is found aitistaton with OMlattd blood 

Mi\ equal p irts (I drops) of o\ il ittd \cnous blood (or fresb blood) iml 1 ptr itut 
brilliant Lrts\l blue in 0 SI per tent X iCI solutioii in a. small test tube ind allow to st md one 
minute or more Mi\ ind make i thin sine ir Tins niai be eounted when dn, or eounter 
stained with Wright’s stun Count ill the red cells, (preterablj with i hand talh ) m an oil 
immersion held ind then eount ill the retie nloejtts in tint held ’llou to in adjacent field 
and repeat until 1000 red lells hue been eounted If the count is more thin per edit, onlv 
100 eells need be eounted The eounterst iiii is nceessiri if the slide is to be kept for more 
than fortv eight hours 

This method his mini id\ int iges It is \er\ simple mil eonienient iiid eonsisteiith 
gues i highei rotieuloeite eount thin the other methods tried The stun keeps ludetimtelv 
and need not be filtered before using The o\ il itcd blood m n st ind tor is long is forti 
eight hours before the eount is in ide Oe erst lining does not oeeur e\en though the smears 
are not mule until two hours ifter the stun ind blood ire mixed The reticuloeites are 
eleirlj mil deeph st lined iiid the rid iclls iro neither ireniteal nor distorted The smears 
keep ludcfiuitelj if eounterst lined xiith Wright’s stain 

Probminarj studies suggest th it bloods of hciltlu idults mil show ibout 3 per eeiit 
retieiiloextes 

GOITEE The Blood Picture in, Jackson, A. S JAMA 97 1934, 19ol 

In a studx of bOO i isis ot goiter, the tollowing eonilusions are drnin 

1 The blood picture in In pi rtluroidism does not \an issentialh trom that in the nor 
mal person 

2 The differenti il blood eount in lupcrthiroidisni is not ot diagnostii ind prognostic 
signifiiance 

3 There is not i definite n latioiiship between the blood picture mil the b isal iiietibolic 
rate The Irmphoijte louiit is not \aried lu in mere isc or a decrease in metabolism 

4 The blood eount is not mtlueneed bi the seieritx ot the due ise, lonsideriug metibolisni 
and weight loss as par imouiit f letors 

0 A secoudaii memii is not txpieil ot lupe rtluroidism 

b A leueopcni i is not eh ir leteristu ot luperthxroidisin 

7 Sex ind age do not iiifluciiee the blood jiieture in toxic goiter 

8 In spite of iliiiii il improeement, no appriciible chiiige was obseried in the blood 
count following the use of iodine in lupertluroidism 

9 The oiilj appreiiible eh mge in the differiutiil blood eount in goiter was obsereed 
following tin roidectoiiu for exophth iluiic goiter Vn nun ise in tlio iioljmorphonuelear count 
uud a deeieise in the hmpboeite eount occurred 

The autliois do not belieic tli it the blood picture in In pi rtluroidism is ot aiu pr le 
tiial clinical importanee 

AETHEITIS Bacteriologic Investigations in, Dawson, M H,, Olmstead, M , and Boots, 

E H Arch Int Bled 49 17j, 1932 

The authois repeated the work ot Cecil, Xieholls, md St iinslu in a studi of SO pitients 
and present the following eonclusioiis 

1 One hundred and file blood cultures, the majority in duplicate, weio earned out on 
80 j) itients sufferuig from iheuuiatoid arthritis iceordmg to the technic of Cecil, Xieholls 
and Stainslu As control in iteriil, 31 samples of blood trom iioimil peisons and 16 simples 
of steiile lutoelaied agar were subieeted to smiilnr manipul itions 

2 The blood cultures on pitients suffering trom rheumatoid arthritis tided to iield 
orguiisiiis that could he eonsideied of etiologic sigiiificanei 

3 No significant difference was obserxed in the bacteria encountered in the blood cul 
tures of pitients and those observed during the culture of the control material under simil ir 
conditions 
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4 S,r<,„..uKU.s .uh ah uuount.rul .iunn« tK cuHarc ot tl.c con 

trolnutcrul is ucll is , luring tin .ullur. »1 s,hc...u.h ol tin , 

o \irol,u iml innrolin ci.ltuns ot -> t s|n<imciis ot svinnul lluni ol. unul trom l 
tuntsi,uffcruiK from rlnum itonl irtl.rit.s I nl.a to snl.l «r« in.sms tint could Ik comudcrcd of 
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. » 4 i * » iti> <1 t<» \ u 111 orii iiusius tit it lOuUl l)c lonsidcrcd ot 

suffcrm^ iroin rluuniitoid irtlintis t nU<i to U 

LtlOloglL JaljJUllK UKt 

EETICULOCYTES TUo Kcspoiiso of, to Iron, Minot, G K , and Heath, C W Am T Af 
Sc 183 110, 10 

V studs ts priscntid comcr,»u« posttn. r.tnulmst. responses to the d iilj or .1 .dm... 

.stmt.on ot .rou ... ... .s.m d .mou..ts to p.tuuts u.tl. ......... csp. c .Ih .luc to .l.ron.c blood 

loss, d.ct.rs .l.tocts, ,^.stro...l.st....l d.sord.rs ...d pr.K......s md to p .t.cuts ss.tl. cl.rou.c 

n.uro.st.c ...mi. i of obs.ur. 0..K1.1 « 

The hcHlit ot tin r.tnulo.st. r.s. .s ... }-...ir.l iiutrs.h proportion .1 to the level of 
the red blood cells lu.l Inmofthibi.i .liri.th bitor. tr. .tn.e.it, but the rilitionsIi.ps .re less 
es.et tor the ...cm. .s respo.nl...« to .ron th ... lor p.r.....ous ......... ... response to l.vcr 0. 

uotei.t substitute , , , , 

Intect.ons and other eon.pln .t.ons l.n.d.r tin ut.on of .rou s.m.l .r to the vvaj ... winch 


thev hinder the effi.t ot potiiit 1.1 it. ml for pen... lous in.n.ii 

Dn.tinct rises of r.tnulo.vt.s o.mr with low Iniiioglobui valu.s in response to iron when 
the red blood tell l.vtl is on. it wlinli ... p. ruinous iiiemia ins.gnifie ...t ictieuloijte increases 
t .kc place 

With red blood .ills ibove 2 '> million per . mm a greater rise ot retieuloej tes occurs 
m response to ni ixiiinl .mounts ot iron thin m peri.ieious anemia in response to adequate 
amounts of potent material, but when the red blood cells are below tins number the reticulo 
estes rise in respous. to idequate th.ripv to 1 somewlnt similar number in the different types 
of anemia On the eontr.rv, in peruiitous anemia as the hemoglobin level decreases below 
about 10 gm per 100 . e of blood the rise of the rctieuloejtes betomes progressively greater 
than in ‘ * secoudarj ^ ^ anemia, so th it it is at least double when the bemoglobin is less than 
about 3 gm per 100 c c ot blood 

Both the hemoglobin and red blood coll levels must be considered in evaluating the 
reticulocyte response to iron For a given red blood cell level the reticulocj tes will increase 
more the lower the hemoglobin and the increase of retieuloevtes will be greatei at a given 
hemoglobin level the lower tUi red blood cell count 

The e^aet tv pc of ease responding to non plajs a role in the degree of retieuloeytc 
response Cases with aeblorhvdria tend to have a sliglitlj smaller response and to manu 
faeture blood more slowlj than comparable cases with free hydroelilonc acid in then stomach 
contents 

The eliaraeter of the cuives viclded fiom plotting data obtained from daily reticulocyte 
counts in response to non tend to differ somewhat from those obtained for pernicious anemia 
in response to liver or potent substitutes 


SPIKAL PLUID Denis Ayer Method for Estimation of Protein m, Ayers, J E , Dailey, 

M. E , and Premont Smith, P Arch Neurol Psj ehiat 26 1038, 1931 

The following modifications of their original method are described 

WErruoD 

Into a test tube 0 6 c c of spinal fluid is measured To this are added 0 4 c c of distdled 
water and Ice of a 3 per cent solution of sulphosalicj he acid The contents of the tube are 
then mived by inversion (but not bj violent shakmg) and, after being allowed to stand at 
least five minutes, are read against a standard protein suspension prepaied at the same tune 
as the unknown The standard is made bj adding to a test tube 3 c e of a solution containing 
30 mg of protein per hundred tubie eentmieters and Sec of a 5 per cent solution of sulpho 
saUcvlie acid 
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Statidaiil Iwoulj tubic ctiitimettrs of iiorui li hum in lilood scrum is diluted to 200 c c 
\\ith 1 It per cent solution of sodium (.hloridc in t coluniitnc disk and filtered This filtrate 
is the louccntritcd st ind ird 

The tot il nitrogen ot this filtritc is dctcimiiicd b\ the in icro Kjcldahl method iiith 
40 e c The nonprotein nitrogen is deteniiiued in the origin il undiluted serum bj the micro 
K^eld ihl method of Folin iiid this figure duided bj ten is subtr leted from the tot il nitrogen 
to obt iin the protein nitrogen The protein nitrogen multiplied bj 0 2~) gues the pirotein eon 
tent of the eeneeiitr ited st iiid ird 

The eonciiitrated st iiid ird is diluted with distilled u iter to make the dilute standard 
eontainiiig ^0 mg per hundred eubie icntimeters 

The st indards ire presened uitli a ten ir\stils of tliMiiol and kept on lee e\eept iihen 
in use In this nai the luthors hue kept the eoneentratid st iiid irds tor more than six 
months and the dilute st iiid irds tor more thin twehe months uithout ippreeiable elnnge in 
the protein eontint 

Calculation 

Heading of the Standard 30 (mg /lOO c e lu stand ird) 

X =mg piotein per 100 c L 

Heading of the UnknoiMi (e.e ot spin il lluid used) 

With the st iiid ird set it 8, and Mitli the use ot 0 0 e e of spui il fluid, this is simplified to 
400 

= mg protein per 100 e e 

He iding of the Unknown 

It is eoiuenient to eonstruet i t ible so tint the protein \aluc3 iiuj be read off at a 
glauee onee the eolorinieter reading has been mule 

The luthors consider the following as norm il lalucs eeiitrieular fluid, from I to la mg 
per hundred eubu centimeters, eistoriial fluid, from 15 to 30 mg, and lumbir fluid, troiii 20 to 
tS mg Vert rarelt, thet ha\i found higher iirotein in the lumbir fluid, up to troiii bO to 
70 mg per hundred eubie eentimcters, for which no e luse eould be found It is possible tint 
in such eases there was a p ithologie proees"- ot the ceiitril iienous ststeni whieh was uureeog 
uizable elmicalh, oi that normal persons in ij oeeasioiiilh hue more protein thin 45 mg 
per hundred cubic etiitinieters iii the spin il fluiel 

TUBEECUIOSIS Tubercle Bacilli in the Blood Stream of Babbits During the Course of 

Infection, Mishulow, L , and Park, W H. T Pretent !Med 6 <15, 19o2 

From two experiments it seems probable tint there is r ipid localization of the tubercle 
bacilli inoculated into the blood stre iiii, as shown bj the treiiundous deircase in their number 
between twehe iiid twentj toui hours itter inocul ition, iiid the ste idt dceriaso up to the 
fourth dat 

The organisms persisted in the blooel stre im throughout the entire course of the infee 
tioii, although thej fluctu ited in number from day to dm There w is a in irked rise in nuni 
hers on the dai of de itli This would justify the eoiielusion tint there is a steade disseiiiiui 
tion of the tubercle bacilli troiii the loe il lesion into the blood stre ini 


REVIEWS 


Uooks iiul Moiiour iphs l^or should ht stut direct to the l*ditor, 

Dr W irriu I \ lUt'hm, I'rofission il liuildiii)' lliihiuoml, Vl 


The Human Factor m Industry 

T his h m interesting little hookle t tin the efCetl ot f itigue, moiiotonj, iiid en\iromiieiital 
f letors bUeli is noise, ereieeding light, iiiil \eiitilition iijiun output ill industry 
Thti tenter tiiiels th it there is i diniinution in the iinount of work done troni hour to hour 
through the die end from dee to dee threiugh the week Longer work hours increase the 
fresjuenee ot iieidents t\htn workers ere it 1 ihor whieh interests them iiid wliieh they 
like thee jiroduee more thin when working on some thing th it is distasteful Sonic workers 
appear to do better work when tin \ are following their normal rhethni Alacluiies worked with 
a central motor, in other words iln ns it the s line rhjthin, at whieh scseral persons were 
working, turned out a eertiin imouiit of hnisheel m ite'ri il When this eeiitral motor ivas 
replaced b) induidual smell motors, one tor e leli worker so tint each liborer could proceed 
at his work at the rlnthm whieh best fitted him, the output w is mere iscd 

Frequent rest pluses in 1 ibor iiure ise the total output The duration of the rest laries 
with the tape of industre In i steel eorporition men were loading ishcs, coal aud ore with 
the same type of shoeel Naturallj, when ore w is loaded with the same sue sho\el that 
was used for loading ashes, t itigue deecloped much more rapidh When it was cstabhalicd 
that the size of the sboiel should be \aned depending on what is being loaded so tint the 
weight lifted per shoiclful would be the same whether the contents ho ashes or ore, the re 
suits were much hotter As a consequence the aecrage amount shoeeled per man per daj rose 
from 16 to 59 tons and the staff was reduced from 500 to 150 men 

These and mam other most interesting obsenatioiis appear in the booklet which is the 
outcome of two series of lectures gucii in the Engineering Department of Glasgow ITniversitj 


Chemical Methods m Cluucal Medicmef 

T H1& hook fills rather a unique place It is not an ordinary textbook of chmeal pathology 
nor is it purely a treatise on biochemical methods It stands rather halfway between 
the two All of the methods described are clmieally practical methods but on the whole they 
are the leas used of the clmital procedures The aolume is in essence a reference work in 
which one maj find the piaetical methods for making the out of the usual chemical cbnical 
lahoratorj studies For this purpose it should find its waj onto tlie shell es of all elmical 
pathologists for reference studj While all clinical chemical studios are discussed, especial 
attention is given to the chemistry of carbohydrate metabolism and the yolume should he 
called especially to the ittention of those interested in the study aud treatment of diabetes 
’5cattered through the hook one yvill find descriptions of numerous little teelmical laboratorj 
tricks yyhieh faeibtate routine yyork 


Gardiner 

^*ages 105 0\foid Uni\ersitj 


‘The Human r ictor in Industry By G P Cathcart 
Professor of Chemical Physiology ITniversity of Glasgow Cloth 
Press American Branch York 1028 

tChemlcal Methods In Clinical Llediclne Their Application and Interni-oton„„ -nr 
Technlfiue of the Simple Teats By G A. Harrison BA. Af T 1 n ®^Gon AVith the 

(Gng ) L R C P CLond ) Reader m CliemlcS Pathology m the Unlve^sitv^of'"?^'^,^ 
and Lecturer on Chemical Pathology In St Bartholomew a Medical Collee-e ^ Holder 

The ® Hospital AVith 2 colour plates and 03 °flustratinn<! pathologist 

The Macmillan Company York 1030 stratlons Cloth Pages 534 
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The Factor of Infection m the Bheumatic State 

T his w 1 moiwueaitk that xull uittrist those uho -irt imkut}' tspLcul stud) ot acute lud 
i-liroiiiL rlicumatisiu The mthoi <}e‘\cIops lua thesis b) i uiiU(Ue method rireh einpJoeed 
in tcelinieil iiiedieiiic but ulneh Jimiit iiiis the interest ind sequeiiee most satisfaetorili 
Prom his stmh the nnter eoneludes that the rheum itie iiroeess is i re letioii jieiulnr 
to susceptible mdniduiJs and reprcheiitnij; i special t)pe of tissue response to ehemieal 
subst iiiees resulting troiii dise ise of the upper respir itor> triet The bulk or eiideiiec ap 
pe irs to iiierimimte the heinohtie stieptoeoeius is m iiiijiort iiit fietor There is some 
eiideiiie of eont igion Imiuigr ints upon their nrneal in New \ork oiten eaiierieine the 
(irst ittieh of leuto arthritis A group ot arthritic p itients tr iiisported from New York 
to Porto Rieo wire reheeed of tluir leeurient attacks ol leute irtbntis during their stae iii 
the South but the condition re ippe tred upon tliiir riturn to New York The hemohtie 
streptococcus was round iii cultures ot their thro its in Niw Y'ork but not m Porto Bieo 
Studies of nurses entering training indicated tbit those who deeelopcd acute rheum itism did 
so ifter bieouiing iiifeitod with liemoUtK streptoeoceus 

Upper respiratory iiueetions ippe ired to be i most important taetor in the genesis ot 
the rheum itie state Iloweeer, in inherent suseoptibilita within tlie indnidutl ippeared 
lieeess iri 


Diet in Disease 

T his is 1 strath modem presentation ot the* subject, bisid ujimi tlie author’s taperieiiees 
on the* w irds, in tlie* Out Pitieut Hep irtmeiit ind in the hiture room it Johns Hopkins 
AMiih dut tables ire ibuiidant tnougli, tiuphisis is plaiid upon the i>rineiplcs of dittetus 
111 the liope tint the rcider will niiune suduniit insight to be able to intelligiiitU apph the 
dietar) regimen rithcr than to nuieh hind out sterL0t)pe e irds Digit ilis is recjmsitc in 
eertiiu forms ot he irt disc ise, but it must be lutelhgenth idmiuistered and in vireiiig dosage 
under difFi rent cireumst luees The s ime applies to diet in di ibctes ind to protein restrietions 
in nephritis There is no doubt that too little ittention is usuillv paid to ana thing but the 
most getie'rtl pritieiples in the die tin treatment of iiiani disi iscs and tins book should be a 
distinct aid to those who wish to lutelligentl) supenise the feeding ot those of their pitients 
who are suffering from specific disc ises, and to \ in the dut di pending upon the actual 
needs of the moment 

Part I discusses nutritional n quire ineiits P irt II gi\es a \en adequate deseriptiou or 
different lanetus of foods iiiU Part III details the priiuipks ot tnatment ot specific 
disc iscs iiuluding defieieiiei diseases, tood allergi, uiidemutrition. In pe rtln roidisui, obesity, 
irthritis, tiier, aiieiiii i, nephritis, heart elise isc, diabetes, aeidosis, gastrointestinal disease, lead 
poisoning, and pregnimi An ajipciidiA describes seieril of the restrutioiis ot the Jeivish 
dietan and gnes seieril useful mipes 


Laboratory Diagnosisf 

T here au sneral points of differente botween tins lolume and the mam others on the 
s line subiect that ha\e ippeared within riient aears YVill oiir half of the \olume is 
taken up in Part I wliuh deals with a distussion of diseases of the larious organs and sistems. 


•The rector of Infection in the Rheumatic t>tate Bj Aliiii F Coburn ^ cei.n 

Phjsieian of the Piesbeterinn Hospit i) in the City of ^ew Tork - TO.te.ns 

color plates Abundant ease mvterinl Very fuUe lUu-'tiated The aviliianis vi 

By Geoiite A Harrop Jr At D \-ociate Professor of 
Johns HopKJns tinlversity As'^oelate Ph>&JcHn C Co Inc 

sample diets ana food lists Cloth Pasea 404 Philadelphia. P Blaklston s Son t-o me 

tA Textbook of Laboratory Diafrnosl*- TVIth yfl'i^cine^'and^B^O' 

and Students By Edwin E Osgrood M \ ai I) Vssktant Portland 

chemistry Director of Laboratories Xlnieerslty of Oregon School Oregon 

Orlgon and Howard D Haskins MD Professoi of Biocliemm o HnBersite or e, 

School of aiedieine Portland Oregon With 41 in the te\t and 6 color 

Cloth Pag-es P Blaklston s Son 5L Co Inc Philadelphia 1^31 
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ami ot wlut iiositi\L 1 ibor itorv ulmcrx ilioiii )ii Im iiitii.i]i ittd lu llitst ililTtrtiit eouditioiis 
Part U ilttuls till, lilidritiin iintlimls in uai. 1)\ till, iiitliors Sniti, Osdooil mil 11 lakins 
Iiui LOUtnbuKil t iiumixr ol \< r\ inuti r> il imiiroMiULiits iml Mimpliln. itioiis to routiiit 
liboritori pton-ilun, ciiiMilh la tlx Iiiii ot [(rulitil blood stildus, tins sutioii tuiHtituUs 
1 n ilh \ ilu ibli rittrim.!- aoiirii 

\. dmtiiiit iniKU ilioii la tlx simid iiaK\, b\ disi isis, ao iirini'id tint tlx tliiixuii 
iiu\ rctcr to t lurtxul ir diai lai undi r altidi ind liiiil iii tlx iadi\. Mbit sixti il 1 ibor itor\ 
m\i.alij; itioiis sluiuld liL ui idi lu tbit loiiditioii Hart la ilso i gtixril in<lt\ Tlxit H no 
aiitiim on batonologv or aorolojjj 

ilx loliiiix sbould lx of iiitinat both to tlx (h)iiiiin iiid to tlx liboritor^ Morkti 


Tumors of Bone 

T his book, jiublislad uiidir tin luslixos of the Jmiriciin Journal of Cancer, bis tor its 
jiurposc tlx jirt ai lit itioii ot tlx aubjcit of boiu tumors lu in ordirlj iiid sisttmatic 
111 inner 

The book is biaid iiianiU upon studas ot m iton il from the Surga il, P itbologinl 
Laboratort ot Tolms Hopkiiia Hospitil ind tout iins tMo tliipttrs bj Dr T C Bloodgood, 
tno aa i lortuord to tin t<.\t proper, iiid coiatnad witli tlxraptutx tixisurts The iiitro 
ducton cbajiUr on interpretations ot ilinail findings is bj De in Louis 

The tuonfi tuo tbipUrs of in iligii int neoplasms afTiiting bone hue bttn s)sttm iticalh 
arranged and cl issificd (ind, in some iiistuacs reclassified), and icflcet a careful ind e\ten 
sue stude, not onh of a Urge amount ot clinical m iterial but of tlic litcratuie as uell The 
tiOMs expressed niaa be taken as inatuied opinions based upon critical aniltsis and coirelation 
of acailable d ita, and, to that extent, is autlioritatiee and representing a consensus of piesent 
opinion 

The eolume is tspogtaplucallj commendable and exeollentlj and profuselj illustlated 
It is obvious tint the price is onlj possible through the suppoit ot tlx Chemical 
Foundation The puhluatiou is timclv and should pioie exccediiiglj useful as a piactical 
lud valuable referente 


•aumors of Bone Bj Charles F Gescliikter XI n ir 

w„ en.. flgur,.., Vmcncan Journal o£ Cancer Nen ^Xork*^ Copeland XI D cloth 
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EDITORIAL 


The Leucocytic Reaction of D 'Amato m the Study of Disease 

' I ■'HE phiase “heiiioclastie shock” fust mtioduced bj Widal and lus eo- 
woikeis in connection with then studies ol leucoeAtie leaction to the intio 
diietion oi piotein, has noAV an accepted place in medical teiimnology, e\en 
though the signihcanee fiist asciibed to it has been consideiabh modified 

The eiises hemoclasticine of AVidal, as is Atell Icnowm indicates the tempoiaiv 
leiieopenia eonseciuent upon the uigestion ot piotein (milk) which he belieted 
to be a delicate inde\ ot hepatic insufficiencA and while the leaction has not eii- 
tiiel3' tulfilled the eailj claims made foi it, the test, at least has called attention 
to the existence ot the phenomenon itself and has led to the application ot the 
piinciple to othei studies which, fiom the lepoits w^hich liaAe gi iduallj accumu- 
lated cluiing the past ten oi tw^ehe jeai-s, appeal to be ot definite interest and. 
peihaps, of distinct value 

The concept ot a specific hemoclastic eiisis in lesponse to the intioductiou of 

liso 
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thnt\ lumntLS loi two oi thun louis Icuco- 

Ac.o..lu,g 10 II ’ on.t,tutcs o dch.utolj pos.- 

cjte count constitutes a clou it ” m.ula'dU posituc, and 3000 oi 

tneieaction, i lediution appioMinann^ - 

ocei cei-j maikcdh posituc leaction pcisists ioi about thiee 

The leucopenia lonsistcnt with < p ^ lepctition ot the test, 

houib, IS constant in the same im L,ps othei than tubeiculni, and was en- 
(lid not occiu attei the injection ol P ,opsisteiitl\ aliscnt in the absence 

counteied consistenth ni tubeiculosis and was consistent 

ot this disease n..,r,ns in mam wavs to anaphylactic 

D'Amato belieses the leaction ‘ oidinaiiK applied, because it is 

shock and supeiioi to the tubei cum ‘ ^ ^ applicable to those cases m 

cciuallj delicate and, moicosci. easih 'iLiable 

which tocal, geiieial, oi tebnle icac j subject to study by many 

The D’Amato leaction in tubem^^^^ 

Italian imestigatois ‘‘tbose^'or De Bonis,^ Banguigno,* Romito,= and lllac- 
among such lepoits lienig inosc 

ebiaio*’ ,,.,ction has been lathei widely used and 

I„ Italy, thceicc the ^ ,he stod^ ot tuboreulo,.. 

t,eiieraih auepted ab ol speafi a vauous mfettious dis- 

It has also bee. applied ,n Pl'»-b ' J L sL.ihea pe.tuss.s, tmea, 
eases among them typhoid lecei, undulant levei, „ 

'.r:rs :;:e:“d «l«us.y, a le„c^I co„„t be.„s .ade beloec aod thirty 

’"■'Ttw'— n- 

;tlr:t™.“.bat ,1 oct„.ied e.the. A 0. B lace.ii. .e.ard.ess ot 
whethei the mtecting organism was para A or paia D 

Theieweie indications, also, as noted bj Gaspaiini, that some pio^ostie 

calue might be attached to the procedure, as the reactrorr was usir^v ™ 

hemgrr cases and less rrrterrse rrr secere cases restolnr aird Pujatti speak of the 
D’Amato reaction as girmg “brilliarrt results in typhoid term, and found it ot 
ralue also m pneumonia (lobai and lohulai), stieptococcrrs mtections, and gon 
oiihea, especialh in the female 
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The! cite, as au instance oL the specificity ot tlie leaction, a positue leaction 
attei antityphoid laccinc in a case pio\ed b3 aiitopsi to be iniliai}' tnbeicnlosis 
but 111 111111*11 the tiiihoid batillus was isolated liom the leces, and anothei posi- 
tive leaction iii cholecistitis in which the bile contained tj'phoid bacilli 

Eqiialli good lesnlts aie lepoited m wliooping cough bi Panton, and in 
tinea bj' Baiboglia,*'* in the lattoi condition the antigen being one cubic centi 
inetei ot a 1 20 dilution ot tiiihoplutin in distilled w itei Fioin a stndi ol fittj' 
eases he legaids the leaction as quite specific, delicate, and icliable 

In leishinaniasis Gatto^'* lepoits the leaction inconstant except in patients 
who had been mtensivelv tieated which he explains on the basis ot destiiiction ot 
the paiasites b} the tie.itincnt and subsequent sensitisation bi^ then piotein 

Bonanno''’ lepoits upon the leaction m echinocoteus disease, and Boz/elh^’ 
upon its occiuience in glandeis, while it Inis also been studied in piegnaiicj bi 
Cappellaui Lenzi,-^ and Longo,-- and in tninois b\ Baibeia,-^ Citelli and 
Caico,-* and Bossa,-^ and in gonoiiheal inteetions In ilossetti,-" Santoianui,^' ind 
Ainianiiio and Beitolotti 

Peihaps the gieatest inteiest, howeiei, centeis upon the studies made ot 
D'Amato s leaction m syphilis, its application to the diagnosis ot this disease be 
mg suggested bi D’Amato ® in 1927 

The D’Amato leiction in siphihs is applied as tollows A total leucocyte 
count IS made upon the tasting p.iticnt and 2 centigiams ot biniodide ot meicuiv 
injected hi podeiniitalh A second leucocjde count is then made within halt an 
lioui, not longei, as the leaction inaj*' be tiaiisiton The inteipietation ot the 
leaetion is the same as ah each deseiibcd aboie 

The leaction also tollowed tlie mtiaienous injection ol neotiopol and neosal- 
laisan, being well maihed attei the lattei 

In none of the cases tested was anj Icueopenia piodnced bi the injection ot 
Oldman pioteins 

D Amato lepoits leij' consistent icsults In 201 cases ot Imoini syphilis 
the leaction was positne m ISO oi 88 per tent and doubtful in 16, peisistnig attei 
the patient had become seionegative undei tieatment 

D Amato’s lepoit has been followed bj*^ a iiumbei ot otheis ” “ 

In geneial, his lesiilts appeal to be conhimed 

It would appeal that the leactiou is most consistent tolloinug the intia 
museulai injection ot soluble piepaiations ot ineicnij oi bismuth and aisphen- 
amine, and that it coiiespoiids quite closelj to seiologie lesults 

Panton^^ tonnd it espeeiallj^ nsetiil m the studj* ot heieditaij' and congemtal 
syphilis but emphasizes that nonspecihe positive leactions niaj’ be einounteied in 
the piesence ot endociine distui bailees 

Goiiin, Bienvenne, and Peies*- haie lecentlj’’ desciibed a laiiation of 
D ’Amato’s leaetioii as tollows 

A leucocjte count is fii*st made upon the tasting p.iticiit An immediate in- 
jection ot antisjqjhilitic inedieUment is then administeied and a lencocite count 
made two houis latei 

A leucocjdosis (mciease of 1000 oi nioie) constitutes a positne leaetion 
Accoi cling to Goum and his collaboiatois a leucocytosis indicates not onh 
the piesence ot syphibs but also that it is leacting taioiabli to tieatment while 
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1 leucoi)eiu.i sijiiulies slmpl^ tho .ibseiiLe ol <i loatlion \\itlKmt chstin'^uishiny: be- 
lut'eii s\i)lu!iti(. .iiul iions\ philitK tasps 

111 a Mibsocpitut piipei,"’ two t\p(.‘s ol (his u'.ittion aie tlistiiiffuishctl 

1 “Reaction ot jiiesciuc, whuh ajipcais eailici tlniii llie sciolof^ic icac- 
tioiih and which Uonin and Ins collaiioiatois lej'aul as diagnostic ot sj pliilis 

2 “Reaction ot dcleiise, ’ in which a netratiie icaction encouiiteied m known 
scpliihs indnates that tin diiij; m question ml! not be eiTicatious in tieatnieiit 

The ditteiencc between the leattioii desiiibeel b\ D’Aniato and that de- 
seiibed In Goiiiii <ippeais to be biipteh one ot iiitei pictatioii oi tlie lesults 

Both leaetioiis ha\i iieen studied sinuiltaneoush bv Do Blasio,*^ and b\ 
Vaigd The lOhUlts ot lioth nnesti;'atois aie in atcoid and may thus be 
suiiuiiai liied 

Wilde, until imthei woik has been elone it is mqiossible to p,iss anj' final 
opinion, this much seems t.iiih well established 

1 Xeithei the hciiioclastie icaetion oi D Amato noi the \aiiaiit dcsciibed by 
Goiim aie as saliiable as the siiolo'^n leaetions In cause they ,iie neitliet as deli- 
cate, as constant, noi as spccihc 

2 Both leactions leqiiiie extienieh eaiciul attention to detail to eliminate 
lallacions lesults due to technical ciiois 

3 Nouspecihc leactioiis mav occui w’lth both methods 

i D ’Amato’s leaction is nioie leliable than that ot Gouin 

In the last analysis it must be emphasized that the leucocyte leaction in 
&\philis must be legaided as only a lelative sign ot the ebsease and must be cor- 
1 elated carefully with all the othei eiidence pio and con 

Its most apparent and distinct salue is as a means ol directing attention 
toward the pos'iibility of syphilis in a paiticulai case, a possibility wdiich must be 
deteimined oi eliminated be other and moie conclusive methods 
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livei Finth and Singei-* \\eie unable to obtain auv eftect on eNpeiimontally in 
duted anemias with [Minot s livei cxtiait, and iound the legeneiation peiiod defi 
niteU bhoitened Mhen wliolo h\ei wass added Eailiei work by AVlnpple’® 
showed that acti\c substances w'cie tound in waten cxtiacts, alcoholic extiacts 
and in the e\ti acted h\ci lesidue The sum ot these thice souices oi legeiieiat- 
ing powei obtained lioin expeiiinental anemic dogs was fioin sixty to seccntc 
glams ot hemoglobin o\ei a two AveeUs’ peiiod The iiioiganic ash of beet li\ei 
was likeiA ise potent m then expciimental anemias, but it only contained one-half 
the potent taetois piesent in whole luei— Kobschcit-Kobbins " This led to the 
conclusion that a gioup ol substances piesent in w'hole li\ei wcie lesponsible foi 
the inei eased hemoglobin i espouse in i xpeiimental anemias Following this 
Whipple’" obtained a tiaction assajing 70 pei cent ot the potcnei ot whole Inci 
in pioducing hemoglobin legeneiation on posthcmoiihagic anemic dogs The 
suinman ol the clinical lepoits shows that whole luei is moie beneficial in the 
tieatment ot secondaij aneiuiis than itmot’s extiact (WKldletoii Dyke,” 
Poweis,’"' Keefei'”) 

Minot and Miupliy'" concluded tioin then obseications that Inei coutauiecl 
a substance which was specific in the tianstoimation ot a megaloblastic bone mar- 
low' to a noimoblastic one The actne ptinciple in Inei as yet has not been 
isolated, although cei-tain chaiaitciistus and piopeities oi the antiancmic ina 
teiial haA e been deteimincd Cohn, et al piesumed fiom then chemical lefiac- 
tionation of the cftectiA'c mateiial that the actnc substance is in the natiue ot a 
mtiogenous base oi polvpeptid 

Robscheit-Robbins and Whipple*® demonstiate in then eailiei aaoiIc that 
Achole liA'ei plus non salts A\as moie beneficial m the tieatment ot postheinoi- 
ihagic anemia than eithei substance Avhen admiiiisteied alone On the combined 
feeding thej Avere able to pioduce as high as 1-10 giains of hemoglobin pei two 
Aceeks’ peiiod in then experimeiital ancinic clogs Keetei and Yang*® fioin then 
clinical repoit of 37 cases ot secondaiA anemia concluded that A\hole Iiaci and 
non giA'cn in combination avcic moie ettcctiAC than eithei giAcn alone Tins was 
tuithei substantiated be the clinical rcpoits of othei investigatois 

The A'alue of inoigame elements othei than non in the tieatment ot anemias 
has leeeiAed Acidespieacl mteicst Halt, Stcenbock, and then coAVoikeiS"® dem- 
onstiated legeneiation ot hemoglobin bj the addition of small amounts of coppei 
to nutiitional anemic lats aa'IiicIi avcic on iniiumal amounts ot pine non, made 
ciuate to produce hemoglobin legeneiation Ehelijem, et al ,®* have lecentlj 
shoAvn that a tiace of coppei is nccessaij as a eatahst foi inoiganic non m the 
eonstiuetion of the hemoglobin molecule Satisfactoiv cluneal lesults Aceie le- 
ported by Lewis,— Josephs,®® and Mills,-* on the administiation of non and cop 
pel in the tieatment ot nutritional and idiopathic anemia in infanej, childhood, 
and adults The summaiy of the ciuieiit liteiatuie as to the lalue of geimaiiiuin 
aisemc, manganese, nickel, cobalt, and othei nioiganic elements in the legeneia- 
tion ot hemoglobin leai es the niattei still m doubt 

Oui woik Avas uiidei taken to deteimnie the Aalue oi a mixture of an aqueous 
concentiated Iwei extiact, neutial ghceiol-non, and blood, m the tieatment ot 
seeondaiy anemias Pielinunaiy studies in postliemoiihagic anemic clogs gai^c 
promising lesults 
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The Inei luutiou used w.is .m aqueous extiact fioiu liesh hoise lueis, un- 
jnuitiod and tnajiuiated lu Aaiuo, so that one pait ol tlic cxti.ict icpieseuted 
tom ])aits oi Inci The iiattiou utue la sctoudaij auenua, as descubed 1)> 
Whipple'- was pieseut lu this extiaet One ol us, Jltjci,-'’ was able to deiiiou- 
stiate jiieatei heiiio^lobiii leueiieiatioii on the adiiiiiiisti atioii ol this aqueous 
coueeiitiated li\ei e\ti<ut to postlieiiioi ihaj^u <uienue dof^s than the equivalent 
.uiiouiit ot the 70 pei cent alcohol soluble li\ei liaction containing the actice 
‘ antipeimcious niemia” piiiuipk 

Feiious c blonde was idded to the abo\e loiueiitiatcd acpieous livei extiact 
IS a neutiali/cd glscciol solution whnh was nuoipoiatcd in dehbiinatecl blood 
seiuiu It mac be eoneludcd lioin tlie icpoits ot Staihenstein-'’ and Reunann 
and Fiitsdf' that feme conipouiids lie less leadily absoibed than the bualent 
lion The soluble non salts aie tiansloinied into thloiides in the stomach, and 
paitiallj into IndiOMtles oi caibonates when coming in contact with the alkaline 
pancreatic 3 uice, and iii this waj then absoiptioii is hindeicd It was thought 
that a mixtuie of feiious chloiide and gljcciol might be ot gieatei value than 
ieiious chloiide alone since ghcetol picxcnts the piccipitation ot non by alkali 
In the piepaiation ol this compound, a concentiatcd solution of feiious 
chloiide was mixed with an excess of glyeeiol and the leaction of the inixtme was 
adjusted to Pn 6 8 The obiect ot this paitial neiiti ali/ation was to make it less 
astimgent to the mucosa of the stomach This neutiahzed glyceiol-iion solution 
IS not perfectly stabile when diluted noth watei A piecipitate is apt to be 
loimed on longei standing Ilowevei, it was found that seium acts as a pio- 
teetne stabilizing colloid, and that the piesence of the toimed blood elements 
does not inteifeic with this effect In using defibi mated blood foi this puipose, 
one also intioduces the possible additional benefit ot hemoglobin In ordei to 
deteimme the lelatice effect on hemoglobin icgeneration of this neutial glyceiol- 
non compound, equivalent amounts of iron solutions m the foim of aqueous fei- 
ious chloiides and acid glyeeiol iron weie administered to “control" groups of 
expeiimental anemic clogs Although comparatively good i espouses weie ob- 
tained in all thiee gioiips, greater and moie consistent hemoglobin legeneiation 
was noted in the gioup on the neutralized glyceiol-iron compound 

The uieSectiveness of hemoglobin in anemic animals found by AbdeihaldeW® 
was piobably due to the rathei low iron content ( 336 pei cent), which was evi- 
dently insufficient to pioduce hemoglobin regeneration It seems, theiefoie, that 
the administration of blood in laige enough quantities to supply the desired 
amount ot iron is impractical Even though the effectn e i alue of hemoglobin as 
a source of non is limited, the organic component might play a eeitain lole It 
IS obvious that the pyirol complex ot poiphyim may he formed in different ways 
if it should not be present in the food in sufficient quantities But just as the 
assimilation of non can be impaired, it is possible that the synthesis of poiphyiin 
mav not be per toimed satisfactorily in ceitain anemias In such cases of anemia 
the poiplijnin part of hemoglobin may be just as important as the non An ad- 
dition of inoiganic non in a suitable form may be of benefit in makin<^ the hemo- 
"I oh 111 moie efteetive 
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Tlieoieticalh a combinatiou oi concentiated aqueous Inei extiact aud the 
ueutiali/ed gljceiol-uon compound in defibi mated blood includes all the possible 
known factois conceined in hemoglobin legenciation The posthemoirhagic 
anemic dogs leeeiviug this combined miNtuic showed a gieatei and moie uniform 
eiytliiocyte and hemoglobin i espouse than the gioups on the laiious individual 
components 

Syrup and llaioiing agents weie added to impiove the taste and alcohol as 
a pieseicative (liV^ pei cent) This mi\tuie is designated as pieparation B1 
105 m this lepoit A caieful analysis of one and one-halt ounces of this piepaia- 
tion, winch was the dail}' aieiage dose administeicd to our cases, shows that it 
contains the evtiact ot 84 4 giams ot whole Iner, a total of 104 24 mg of metalhc 
lion (6 75 mg fiom Inei , 5 62 mg fiom hemoglobin, and 91 87 mg from the 
neutial glvceiol-non compound) and a total ol 1 4 mg ot metallic coppei 

A compaiative study was made bj tieatmg a senes of patients wnth sec- 
ondaiy anenua as “eontiols” on a known ‘Aveak” prepaiation, B1 101 One 
and one-half ounces of this piepaiation, wdiicli w’as the amount administered 
daily, contained liver bioth expiessed tioin 16 8 giams of boiled livei, 10 6 mg 
ot iron, and tiaces of eoppei, to which the same amounts of flavoiing agents and 
alcohol was added as in B1 105 

The ebnieal woik was made possible thiough the couites^ and cooperation 
of the Cook County Ilospital Stall The cases lepoited weie patients wnth sec- 
ondary anenuas of the common vaiietj occuiiing in a large institutional practice 
No attempts weie made in selecting ideal cases The patients weie accepted 
routinely as they euteied the hospital, iriespectne of the tjqie or seriousness of 
then malady Piopei medical and suigical caie was immediately instituted, 
whenever necessaiy IMost ol these patients lecened a well-balanced diet, with 
the exception of a few patients who required special dietary management Com- 
plete blood exanunations including icticulocy te counts were made at one- to fi\e 
day intervals duiiiig the peiiod of hospitalization, and at tw'o-week mteivals m 
a follow-up clinic wdien dischai ged 

It IS obvious that in most instances indmdual study is necessarj, as each 
patient presents a complex pictuie ot vaiious causative tactois foi the anemia, 
which IS seldom identical in two patients with the same disease Poi this reason 
the types of secondary anemias under obsei ration nr the “treated” gioups were 
only classified according to their “chief” etiological causes A total ot 112 cases 
have been studied 

RESULTS 

The firat trventy-inne patients under observation rvitli secondary anemia were 
given one and one-half ounces ot the known “weak” preparation (B1 101) daily 
Because of the limited number and diversity of eases ui this senes, the results 
obtamed rvere tabulated undei one group. Table I iModeiate impiovenient rvas 
observed m Cases 4, 8, and 20, which rvas undoubtedly due to the usual hema- 
topoietic 1 espouse following acute henioiihages It is quite erident fiom the 
summary of this senes, shorving an average daily gam of 034 per cent hemoglobm 
and 2,500 red blood cells, that the hematologic response was onlj slightly in- 
fluenced by the “rveak” preparation (B1 101) oi by the specific suigieal oi 



TULXT. Ml \T 01 bLCONOAKi i^LMLiS 


1189 


nic(liL<il t]ici<ipy (huiiig i5io peiiod ol obiicisatiou Bee<mse little oi no pio{jiei>s 
^\Ilh made on this picp.ii.ition by Patients 10 and 20 to 29 (iiiclusiic), the tieat- 
ment ivas changed to the luoic potent piepaiation B1 105 following ivliicli, with 
the cvccption of Cases 26 and 2S, the hemoglobin and the led blood cell count 
became normal Case 26, an inopciablc gastiic caicinoiua, showed a moderate ic- 
spouse, nhile Case 28, a bacteiial endocaulitis, shoned no i espouse to either 
preparation 

The icsults obtained horn the admuiistialion of one and one-half ounces 
daily of B1 105, the concentiated luei-uon and hemoglobin mixtuie, to patients 
with laiious ti pes of secondaij anemia, aie lecorded m Tables II, III, IV, IV-A, 
V, and VI 

The eases classified undei Table II ^^clc of the acute hemoirhagie type and 
include diseases associated inth fiaiik liemoiihage which was the predominating 
cause of the anemia The diseases piimaiily lesponsible tor the acute anemia in 
this group consisted of incomplete abortions, luptuied ectopic pieguancies, 
placenta previas, a postpartum hemoiiliage, and a bleeding peptic ulcer It is 
obvious that stopping the souice of hemoiiliage is the most important factor in 
recovery It also seems logical that the administration of a concentrated prepara- 
tion supplying m an easily assimilated form the neeessaiy blood-building ele- 
ments plus the addition of a hemopoietic stimulant may shorten the period of 
blood legeneration and convalescence Treatment was started as soon as permis- 
sible, each patient recemug one-half ounce of preparation Bl 105 three times a 
day In many instances modeiate bleedmg continued foz several weeks nhile on 
therapy The best gams weie observed m this series, shoivmg an average daily 
gam of 537 per cent hemoglobin and 30,538 red blood cells The additional in- 
crease IS probably explainable by the acute short hemorrhages being msufficient 
to deplete the body of the blood-buildmg elements and the good response of the 
preexistmg healthy bone marrow 

Patients with histones of moderate or piofuse bleeding, the duration of 
which was from one month to several years, weie classified undei Table III as 
chrome posthemorrhagic anemias The diseases most commonly met ivith in 
these cases were bleedmg fibroids, bleedmg hemorihoids, and bleedmg peptic 
ulcers In most instances surgical treatment was necessary to eradicate the 
source of hemorrhage, with the exception of the patients with bleedmg peptic 
ulcers, who were placed on Sippy’s management Each patient received one-half 


ounce of the more concentrated whole-liver-iion preparation Bl 105 1 1 d , which 
was instituted shortly after their admittance to the hospital Of the twenty-nine 
patients treated m his series, twenty-thiee, with an initial average ot 40 per cent 
hemoglobin and 2,420,000 ted blood cells pei cubic millimeter, became normal 
during an average period of 75 3 days, with an aierage daily response of 541 
per cent hemoglobin and 24,435 red blood cells 


Although the results m this series of patients lesemble those obtamed in the 
anemias which followed acute hemorrhages, the somewhat smaller response can 
probably be attributed to the long peiiod of continuous bleedin«- ivith the ip- 
sultant depletion of the blood-buildmg elements, and an overstimulated and 
fatigued hematopoietic s-jstem ilodeiate continuous bleedmg peisisted in sev 
eial patients, ten m this series, while on tieatment, and, although a noimal hemo 
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Indicates female JI Indicates male ‘Cases that left hospital and did not return foi fuither obser\ation if Clianged to B1 105 
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globiu and led blood cell count w.is luoduced, this was also piobably a contxibut- 
ing faetoi in pioducing a lowei avciagc dady gam Cases 9, 10, and 13 (Table 
III) pieMOUsly tieated with the “weak” picpaiatiou (B1 101) and showing 
little iHogicss, bceainc noinial on tveatment with the nioie concentiated piepaia- 
tion (B1 105) 

The sccoiidaij anemias in Table IV tieated with piepaiation B1 105 showed 
an aieiage dailv gam of 3 pei cent hcinoglobiu and 10,400 led blood cells in. the 
completed soiics, and 22 pei cent hemoglobin and 10,700 led blood cells m the in- 
toiupletcd group Ten ot the twenty- foui patients in this gioup became noimal 
on tieatmeiit dining an a\ciage of 101 b days Patients who failed to return to 
the clinic, and those who aio still nndci obsei ration, aie classified in the incom- 
pleted gioup Many etiologic and coiitiibutmg faetois enteied into the pioduc- 
tion of the anemia m this gioup, which included patients piiraaiily with in- 
tectious, toxic, and dietaiy diseases 

Verj' little lesponse was obtained in Cases 13, 16, 17, 23, and 20 of the in- 
completed gioup, which consisted of a tciminal glomeiulai iiephiitis, a bacterial 
endocaiditis, two cases of tai -advanced tubeiculosis, and one of Ilodglnn’s disease 
lumiing a septic couise Although slow progress was made m the cases with low- 
giade septic processes, the hemoglobin and eiythiocyte count became nomal 
after long-continued treatment on piepaiation B1 105 Case 7 in Table IV, a 
young female with a congenital splenic anemia, gave a histoiy of eating livei and 
taking livei extiacts foi the past five years, and, although model ate impiovement 
was noted, she at no time felt well enough to cany on her daily activities This 
patient was started on prepaiation Bl 105 following splenectomy The sple- 
nectomy was probably the fundamental factor m her complete recovery, although 
it was interesting to note that there ivas a moderate drop in the hemoglobin and 
the erythiocyte count dropped when taken off of treatment duiing an interval 
of 49 days (Table VI, Case 22) 

The patients classified under Table IV-A, treated with whole-livei-iron 
preparation, showed an average dailv gam of 434 per cent hemoglobin (Sahli) 
and 18,300 red blood cells AVe believe that the data obtained from these eleven 
cases constitutes the best evidence that the concentrated livei-iion preparation 
(Bl 105) was really effective in impioving the anemia In these cases we are of 
the opinion that the improvement may only be accounted for as being the result 
of the whole-liver-iron therapy Although we believe that a number of the other 
patients recorded in the tables were benefited by the concentrated liver-iron 


preparation, their improvement may be accounted for m other ways 

It IS interesting to note the good response of Cases 1 and 6 to preparation 
Bl 105 Both patients were white women, about forty years of age, giving a 
history of long continuous rectal bleeding which came on only before and during 
each menstiual period A long dietary deficiency history was also obtained in 
both instances Their chief complaints weie weakness, pallor, loss of appetite 
and occasional gastiointestinal disturbances Careful gastiointestinal study and 
numerous proctoscopic examinations faded to leveal the source of bleeding, which 
continued throughout the entire course of treatment The essential finings in 
both patients weie an achylia gastnea and a high-grade secondaiy anemia with a 
low-color index and leucopenia, of the chionie “ehloiotic” tj pe first deseinbed by 
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P.ibei No lesponse was obtained lioin the adinuiistiatiou of the 70 pei cent 
alcohol soluble li\ei e\tiact diuuig one month’s tieatiuent ihe hemoglobin and 
ciithiocjdc count bcc.uiie noimal in both patienls when thanged to the eonceu- 
tiated luei-iiou picpaiation Cases 7, 10 <ind 11, thice patients with niaiked 
eauliac decompensation and sc\eie secondaiy anemia ot une\phuned etiology, 
lesponded well to picpaiatiou B1 101 The occuiicme ot this disease dining the 
latei sears of lile, with the histoii ot lecuiient attacks ot caidiac decompensa- 
tion and the associated anemia which complicated this pictiue only aftei seveial 
I ears, led us to heliece that it was piobablj' due to a dietaiy deficienc}’" based on 
the gastionitestiiial distinlmnccs associated wnth the fiefpicnt attacks ot caidiac 
tailuie 

Table V included a numhei of patients with fai-advanced niopeiable car- 
cinomas with se\cie secondaiy anemia w'ho weic tieated with picpaiatiou Bl 105 
A modeiate niciease in hemoglobin and icd blood cells was noted in Cases 1, 3, 7, 
and 8 Althougb little oi no piogicss was obscived in most instances, the oiiginal 
blood le\el at the beginning of tieatment leinained fauly stationaiv up to the 
time of e\itus 

In addition to the beneficial hematologic response obtained in the largest 
mayoiitv of patients on tieatment, othei notewoithy eftects of the livei-uon and 
hemoglobin piepaiation weie obseued The appetite was impioved Theie was 
also a coiiesponding mcioase of stiength, weight, and m teehng of well-being 
It was siupnsiiig to obseive these changes, occasionally, in seveial of the in- 
opeiable eaicmomatous patients The peiiod of pieoperative preparation in 
undernourished anemic patients with low-grade septic processes was definitely 
shortened, as well as the duration of com alescenee from intectiorrs diseases and 
operative pioceduies 

The summary of the reticulocyte response observed in the ninety-four cases 
m the “tieated” groups tieated with Bl 105, showed that the most frequent rise 
was from 1 5 to 4 5 per cent, although in many instances a rise of from 8 to 10 
per cent was noted This excluded the reticulocyte average in the eaicmomatous 
group with bone marrow metastasis, where a response as high as 18 6 per cent 
(Case 4) was ohseived, produced probably bv the nutation of the hematopoietic 
system by the metastasis 

Definite hematologic and clinical improvement as previously stated was ob 
served m the largest mayoiity of patients treated with the concentrated liver- 
iron and hemoglobin preparation Howevei, insuperable difficulties were en- 
countered in evaluating tbe effectiveness of this prepaiation as a hemopoietic 
in the various types of secondary anemias tieated This can readily be seen 
when one considers the many complexities that entered into the pathogenesis of 
these anemias This was further complicated during treatment because in many 
instances specific medical and surgical tieatment was necessary^ As yet no re- 
liable biological tests have been discovered to evaluate the effect of such a prep- 
aration of liver-iron and hemoglobin othei than its effect upon the regeneration 
of blood in experimental uncomplicated anemias 

Although we were impressed by the effectiveness of the concentrated livei 
non and hemoglobin preparation Bl 105 m the largest mayoiity of “treated’’ 
cases as compared to the “control” group leeemng a known weak formula, and 
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the good lespouse obtained in eleven cases ot stcondaiv anciinas elasiilied iiudei 
Table IV-A, which was pinnaiilj attiibiited to the adniiinstiation ot piepaiation 
B1 105, coiiclusnc evidence as to its cffectncness in blood legeneiatiou in main 
ot the secondaiv anemia patients Mas still lacking 

Foi tins leason it ivas consideicd impoitant to deteiimiie the hematologic 
changes, it aiiA, that occniicd in patients nhen oil ot ticatnient at i.iiioiis intei 
^als of time, pieiioiish tieated” and clischaiged with a iioinial heinoglobm 
and led blood cell count Letteis iceie sent to all ot the patients, asking them to 
letiun to the clime foi a check-up Ot the twentj eight patients mIio letunied, 
the Intel \als oft ot tieatmcnt \aiied tiom loin teen to two hundied and tweiiO 
one days All tjpcs of seeondaii anemia pienouslj classified in Tables II, III, 
IV, and IV-A weie well leinesentcd in this gioup Although iiotcwoitlij aams 
111 weight weie obsencd in most instances, twenti one patients showed a definite 
diop in hemoglobin and led blood cells while oft ot tieatmcnt (Table V) All of 
these patients weie in appaient good health except one (Case lb) who had tie 
quent lectal bleeding dining the piioi thiee weeks which was piobably le 
sponsible toi the lecuiient anemia The hemoglobin and led blood cell count le 
mamed noimal in only seieii of the twentj -eight patients Thiec of these ate 
livei two to thiee tunes <i week attei liaiing been disehaiged iioni the clinic 

Tieatmeut with the conccntiated Inei-iion and hemoglobin piepaiation 
B1 105 was again instituted in the sixteen patients with leciuient anemias 
pie\iously tieated and disehaiged as iioimal The iiiciease in hemoglobin and 
eiytlnoevtes (Table VI) obtained in fitteen ot these sixteen patients aftei being 
tieated again ivith piepaiation B1 105 nuclei home conditions, we feel is con 
elusne e^^dence ot the oftectiveness ot this piepaiation m the legeneiation of 
hemoglobin and led blood cells as theie weie no othei tactois to which then le 
coieiy could be attiibuted 

SUMM \R\ 


One huudicd and tw^elce patients with secoudaiy auenua due to laiions 
causes haxe been tieated wntii a piepaiation consisting ot concentiated whole 
hvei, non in glyceiol, and dehbi mated blood The lationale ot the pieiiaratiou 
used IS discussed A laige peiceiitage of this gioup of patients showed hema- 
tologic and clinical impi oi enient on receiving the whole hvei-iion piepaiation 
and othei indicated theiapj We can onlj' state wuth confidence that the mi 
pioveraeiit of elexeii ot the patients can be accounted toi piimaiih' on the basis 
ot having leceived the whole-bvei-iion piepaiation Fuithei exidenee as to the 
effectiveness of this piepaiation w'as shown bj the diop in heinoglobm and led 
cells when tieatment was discontinued in twenty-one patients lepiesenting the 
vaiious gioups pieviously tieated and discharged as noimal Hematologic le 
coveiy was obtained when tieatment was again instituted nuclei “home condi 
tions ” Oui study has iinpiessed us paiticulaily in legaid to the numeious and 
almost msui mountable difficulties inlieient in the pioblem of deteiminiug elm 
ically the value of a theiapeutic agent in the hemoiihagic and idiopathic see 
ondaiy anemias 
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LIVER EXTRACT IN THE TREATMENT OF DIABETES :iIELLITUS* 


I ThI/ Encci or Dried Luxr Exirvct ox Five Dlvbeiic Children 
II Tiie EFrECi’ or Dried LnneR Extract ox Adult DiABErrc Patients 


El une P R veli, il D , New York, N Y 


IXTRODUCTIOX 

TN 1927 and 1929 Mvuphj and Blotuei'*- xepoited the eflect ot nhole li\ei on 
the blood sugar le\el of diabetic patients A jear latei^ they leported the 
eflect of ccitam Inei extiacts on the blood sugai of such patients This second 
paper contains an excellent leview of the liteiatuie on the beneficial eflect of 
livei extiaet in the tieatiiient ot diabetes, lefemng paiticularlv to the Moik oi 
Gilbeit and Cainot,'* Jousset,*’ Lainoieaux,® Gilbcit and LeiebouUet' and Las 
sance ® Expeinnents had been cairied on by the Fieuch im estigatoi-s’ *' ® 

usuig aciueous, alcoholic and sabue extiacts ot li\ei in patients with diabetes mel- 
litus The conclusions weie much alike Appaicntly the oial adnunistiation of 
Inei extiacts had an appieeiable mlluence on the glycosiiiia in a munbei ot dia- 
betic patients, the effect vaiying accoiding to the case Dining Inei tlieiapj 
the glycosuria disappeared or uas diminished in some cases, -whereas in others it 
was inei eased The eftects of the substance continued ioi a peiiod of time after 
the treatment ceased They felt that the cases -which weie fai oiably influenced by 
, Iner extiact therapy -were associated with a tunctional insufiSciencv ot the bvei 
w'liile the cases which did not show impioieiiient oi had been made woise weie 
those m whom the glycosuiia depended on a hj^pei activity ot the liver 
Lamoieaux® suggested that liiei eithei acted by mci easing the accumulation 
of glycogen m the livei oi that acting on the whole oiganisin it resulted in a 
inoie rapid destruction of sugar 

Blotnei and 3111171115 ^ ti eated tour diabetic patients w ith b% ei extracts ovei 
vaij'uig peiiods of time The deteiiiunations were made for twentj-iuue dajs 011 
one case, thiitj^-one days on the second, sixty-eight daj'-s on the thud ease and 
five mouths on the foui tin case In the patient receiving the livei extract toi 
twenty-nine daj’-s, the blood sugai leiel was lower than pieiiously, and when 
seven units of insulin weie injected tivice dailj, the blood sugai leiel was sbghtlj' 
lowei than duiing the peiiod of Inei extiact theiapj’- alone In the second ease, 
the blood sugar level during bvei extract theiapy was at a slighth higher lei el 
than during the peiiod when thirteen units ot insulin was taken In the thud 
case the blood sugar remained at a lowei level when biei extiaet was taken and 

•From tlie Third (New York University) iledlc^il Division Bellevue Hospitol •^‘1 
Diabetic Clinics of The University and Bellevue Hospital Medical College New Xork Umversu 
Received for publicaUon December 2 1931 , ^ , t 

The expenses for tills study were met in pait bj a fund from tlie Lederle UiBoratones 
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iiKicasecl ^\hc^ it w i'» oimttod In tin* touitk case the blood sugai nas stabdi/ed 
bj the Inci extiact and the vuinai^'’ sug.u ^sas decieased In then suininaij 
the\ suggest that li\ei eonttiins a blood sugai i educing substance acti\c when 
+akeu by mouth 

In studjmg the cllect of am diug othci than insulin on a diabetic patient 
the obseiiatioiis should bi earned on o\ti a consideiablc peiiod of time Theie 
aie well lecogm/cd leasons ioi this A piopeily tieated diabetic on diet alone 
will giaduallj legaiii a ceitain amount ol his caibohycliate toleiance, and if he 
adheres stiicth to diet he mav icmain sugar iree with a i datively low blood 
sugai lesel foi an indefinite length of time In the same wav eei-tam diabetic 
patients tieated wnth insulin and diet mav omit insulin foi vaijung periods of 
time, sometimes seveial months, and will lemani sugar iiee, then toleiance liai- 
mg been gieatl 3 inci eased dining the period of insulin theiapy Obviousljr one 
cannot attribute the fact that the uiine lemains sugai fiee to the drug one is 
cndeaionng to substitute foi insulin until the patient lias been obseived for a 
period of se\ ei al months 

In addition to the direct effect of luei and Inei evtiacts on the blood sugar 
level, there has been a considerable amount ot e\peiimental woik on the effect of 
hver injurj'- on eaibohydiate metabolism Ravdin® found that the livei of jaun- 
diced dogs kept on a mixed diet containing considerable amounts of carbohydrate 
contained onlj 1 4 pei cent glycogen pei 100 gm of livei , whereas the h\ ei of 
noimal dogs on the same diet contained an avei age of 5 5 per cent glycogen The 
blood sugai curves in these animals were distmctlj^ elevated aftei the production 
of jaundice He felt that his results indicated that the Iner of the jaundiced 
ammal was unable to store glycogen to the same extent as that of the nomal dog 
His work eonliimed the finding of various othei investigators, including 
Hetenyi,'“ who showed that in patients wnth liver disease, the blood sugar rise 
after 100 gm. of dextrose was highei and more prolonged than in noimal people 
Ferguson^^ found the same true in dogs after experimental hgation of the com- 
mon duct and cholecystectomy Obser\ations of this kmd inchcate that a de- 
ficiency of the glycogen forming function of the In ei may result from injury oi 
disease of that organ It is possible that such a deficiencj’- may oecm before 
there is any clinical or laboratory evidence of hver dysfunction Forsgreen,^“ in 
normal rabbits, found that the percentage of glycogen and bile varied inversely 
to each other , the bile bemg greatest in amount when the glycogen was least 
The latter was first deposited around the central veins of the lobule and remained 
there longest One might infer, flora these observations, that the primary dis- 
turbance m glj cogen storage follows some pathologic change m the region of the 
central veins 

Chlorofoim and ether anesthesia, which markedly injure the liver, give use 
to a pronounced hyperglycemia Rosenthal and Boume’^^ found a definite inter- 
ference with hepatic function after such anesthesia DaMs, HaU and 'Whip- 
ple” ” and also Ravdin® found that livei cells regenerate rapidly on a hmh 
carbohydrate diet This makes one realize again the importance of diet to the 
diabetic mduidual and suggests that the loss ot glycogen from the liver m dia- 
betic patients is in itself a cause of Iner damage 
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PUOCLDIjKL 

The ellect ol the poisdeicd Inei c\tiact lias been obscived in young and 
adult diabetic patients The cstiaet nas made by the Ledeile Laboiatoiies us- 
ing a slight inodilieatioii ol the pioceduic destiibcd by Blotnei and jMiuphv ^ In 
oui obsei \ atioiis no used nniinlj the diied extiact as the oiiginal obsei\eis tound 
this as ehcetise as the moist paste and it \\<is much casiei ioi the patient to take 
The amounts ol estiaet used in each case aie itpoited in the equivaients ot the 
amount ot law li\ei Iioin which the cxtiait was dciivcd Usually 400 gm of 
law h\ei jielded about 2 5 gm ol the diicd evtiact The patients obsei ved le- 
tened the cciuisaient ot liom 400 to 1000 gm ol law livci In some eases the 
dose i\as uitieased to the cfpinalent of 2000 gm The Inei extiact was given in 
diiided doses one houi beioic meals In some instances a dose was given on le- 
tumg at night The patients had been tieated in the diabetic clinics of the Uiii- 
veisitj and Belleiuc Uospital Medical College, New Yoik Umveisity, and the 
Thud (New Yoik Unneisity) Jledical Division, Bellevue Hospital, foi periods 
1 aiding fiom two leais to two months piioi to tieatnient Avith livei The young 
diabetics langcd in age iioni ten to nmeteen yeais The adult gioup included 
patients iioni thuty-foui to sixtj one jeais of age It has been suggested by 
seveial nivestiaatois that theie aic two types of diabetes, one in which the pie- 
domniaiit distuibance is that ot the oxidation of caibohydiate, the othei m which 
the piedominaut distuibance is one ol stoiage It was felt that these two gzoups 
might pieseiit the two types oi distuibance, provided one agiees that these two 
t 3 Tie& exist and aie sufficiently difteientiated The youngei group, which con- 
sists invaiiably of the veiy seveie diabetic, would be the type where the pie- 
dominatiiig distuibance was oxidative 

The 1 elation of the feimeiitable and nonfeinientable blood sugars in pa- 
tients on insulin, on insulin and liver, on liver alone and on diet alone w as also 
studied 

Livei function tests weie done on all but one of the patients These aie le 
poited in Table II 

Both fasting and attei bxealcfast blood sugar deteiminations were made 
The lattei are indicated in the chaits by a No 2 at the level of the blood sugai 
reading All blood sugar determinations weie done by the Folin-Wu^® method 
The cholesteiol deteiminations weie done by the modified Bloor^’’ technic 

relation OB rERSlENT.UlLE TO NONFERMENT ABLE SUGARS IN THE BLOOD IN PATIENTS 
TREATED WITH DIET, INSLLIN, INSULIN AND LIVER EXTR VCT, AND LIVER 

EXTRACT ALONE 

Table I shows that theie is no significant alteiation in the i elation of the 
feimentable to the nonfermentable sugars of the blood m patients tieated with 
and AVithout insulin, oi with livei extiacts The highest nonfeimentable blood 
sugai s weie found in the gioup tieated with insulin alone but the avera"e of the 
gioup was onh 2 and 3 mg liighei than the othei thiee groups Appaientlv 
luei extract did not altei the latio of fermentable and nonfeimentable blood 
sugai s 
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R1 SLI IS 01 TIIL U\Hv lUXCaiOX ILSIS 

All oi the usual li\oi tiuictiou tests ^seie peiloiiued In addition, ou Cases 
5, 6, S, and 9 the icecntlj lepoited test ot Ilaiiop and Baion,^® in ivhich bihiubin 
IS miected intia\euoush, was used The patients mIio showed some inteiterenee 
wuth li\ei lunction (Cases 3 and S with biomsulphalem and Cases 5, 6, and 8 
with the iniected bdiiuhin) wcie not patients who showed any definite impioie- 
inent as a lesult ot livei extiact tieatment Tlie li\ei function tests weic done by 
Di Noiinan Jolifle 

THELULCl OI LUHt hXlKVCl ON ^ OONG DI MlLTICs 

Pi\e joung diabetics weie tieatcd with luei estiact The cases weie 

C ISO tC, itm lie, iged ll > r , it S 
JC, Itm lie, igt<l lo j r , B C 
1C, Di lit, agetl 15 j r , A B 
-IC, ni ill , igeil 10 j r , V K 
1C, milt, igiJ15jr,BS 

The eases aie not lepoitcd in detail because ot lack ot space All blood 
sugais ou the clukUen weie taken two houis atter bieaktast Tables II, HI, CVi 
V, and VI show the blood sugai le\ els 


T UlLl. II 

Li\ tB Function Te&ts 


C\SE 

; LKOBIUNOQEN 

tIRIXE 

BKOIISULIDALEIS 

1 

INJECTED 

muRuniN 

j \ CN DLS ItSROn 

IC'TEKCS 
INDEi. MG 
PEK CEST 

DIRECT 

DELATED 

INDIRECT 

1 

Norm'll 

Lis>a than 3 per cent 





219 

2 

Norm'll 

Ncgatiie j 




T 

04 

3 

Norm'll 

5 per ciut ' 

1 

j 


+ 


0S7 

■1 1 

Norm il j 

Faint Tr ao i 

1 





5 

Nornnl 

Ncgatiic ! 

4tli hr 23 7% 

- 


+ 

0 5 

6 

Normal 

Negatni 

4th hr 50% 

- 


+ 

03 

S 

Nornnl 

20 jjer tent 

3r(l hr O0% 

- 


T 

0 5 

9 

Normal 

Negative 

4th hr Neg 

- 


4* 

06 

11 

Normal 

Negative 


- 


+ 

10 

14 

Normal 

Negative 


i 


T 

07 

18 

Nornnl 

Negativ e 


-• 


+ 

06 


SuMii CRT OF Case 1 — Adnutted to the diabetic chnic m August, 1929, at 
which time the child weighed 69 pounds She lequiied fiom 60 to 75 units ot 
insulin to lemain sugai fiee duiing 1929, the diet duiing this yeai bemg eaibo- 
hydiate, 115 gm , pioteiu, 50 gm , fat, 102 gm The weight increased to i>o 
pounds duiing this time Duimg the ’seai 1930 the caiboludiate m hei die 
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TVllLF HI 

cvfal- Ic— s 


BErORt U\EIt EXTRACT 
TUElt \P\ 


BLOOD SDQAB 
iSO 


153 0 
200 0 
322 5 
3810 


CUOLESTEROL 

iia 


UURINO LIVER t-XIIt'OT VND 
IXSUIIX 


BLOOD SUGAR 
MO 


335 0 
230 1 


429 4 
400 0 
375 0 
428 5 
288 4 
300 0 
306 1 
500 0 
428 5 
320 0 
405 4 
385 0 
340 9 
272 7 
500 0 


CHOLESTEROL 

MO 


INSUH'L ALONE AFTER LIVER 
LXTRACr 


BLOOD SUGAR 
MO 


242 4 
207 0 
230 1 
202 0 
256 4 
233 9 
272 1 
238 0 
242 4 
233 9 

246 9 
248 7 
253 7 
261 5 


217 4 
357 1 
416 6 


CnOLESTEBOL 

MG 


229 8 
229 8 


was incieased to 150 gm , the fat aveiaged ticMU 90 to 115 ^ 
quiiement dmmg this year vaiied Horn 60 to 70 units In ^ 

the patient was admitted to the hospital in diabetic coma Up to Septembei 
1930, the weight of this patient had incieased to 99 poniids On September 17 
1930, the patient was leceiving 57 units ot insulin on a diet of carbohydiates, 
150 gm , pioteins, 65 gm., fats, 115 gm and diied liver equivalent to 400 gm was 
started The blood sugars duimg the peiiod of livei therapy aie reported in 
Table II The uisulm was reduced to 45 units on Septembei 24 and liver ertiact 
was incieased to an amount equivalent to 1200 gm. of raw livei The patient con- 
tinued on 45 units of insuhn without any appreciable effect on the blood sugar 
level and continued to spill sugar in varying amounts iii after-breakfast speci- 
mens On Septembei 17, the patient showed acetone On September 19, pa- 
tient was taken off livei owing to the presence of acetone and large amounts of 
sugar in the urine and the insulin was increased to 60 units At the time of this 
report this patient reciuired 70 units of insulin daily The dried hvei extract 
had no effect on this patient’s blood sugar level oi on the glycosuria 

Case 2C — R C was admitted to the diabetic chnic March 26, 1929 Hei 
weight was 90 pounds, blood sugar 268 mg , diet eaibohydiates, 111 gm., proteins, 
55 gm , fats, 105 gm , and insulin 60 units daily During the year 1929, the 
child remained practically sugar free on this diet and required never less than 
60 umts a day Her weight increased to 96 pounds Durmg 1930, the carbo- 
hydrate m the diet was raised to 136 gm. and patient was earned on from 40 to 
60 units of insulin daily On September 17, 1930, the patient was placed on the 
hcei paste the equivalent of 400 gm of raw hvei and insulin was reduced from 
40 to 25 units The patient remained sugar free on the reduced insulin until 
October 2 at uhieh time the after-bieakfast specimen of unne showed 3 per cent 
sugar Liver was increased to the eciuivaleiit ot 600 gm of the paste and the 
patient earned on 20 units of insulin, but the after-brealdast specimen 


con- 
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tinned to show sngai Theie was no apincciable i eduction in t]ie blood sugai 
le\el dming the tieatmeiit TJie Inei paste was incieased on Octobei 20 to the 
equn alent ot 1000 gm oi law ]i\ei On NoACinbei 3, diied Inei extiact ecpiua- 
lent to 1200 gin was substituted ioi the wet Inei extiact The iiaticnt s insulin 
at this tune was 20 units a dai On Xoiembei 15, the jiatieiit showed both sugai 
and acetone in the .iltei-bieaklast specimen The insulin was laiscd to 30 units 
As the patient continued lo spill Atiyai and acetone attei bicakfast, the iiisului 
was giadualh laised to 70 units Luei was discontinued on Xoiembei 29 and 
on Deceinbei 2 the p.itient was sug.ii Jiee in the twenty -lour lioiii specnueii and 
the aitei-bieakt.ist siiecnncn .Vt the piesent tune the ainonnt ol insulin has been 
leduced to 52 units and the iiatient is sugai liee tliioughoiit the day The blood 
sugni attei luei had been discontinued showed a inaiked lall 


TVDLt IV 
Ccsi 2c — R C 


i;i-fORE IIVEB r\TJtiCT 1 

TlIEIi\P\ 1 

DUKING LUER E\TR.VCT AND 

I INSULIN 

INSULIN VLONE U'TEE LIVES 

ENTa.VCT 

ItLOOD SUGWJ 

CIIOLES nUOL 

lUOOD s; GVi 

CUOLESTEHOL 

BLOOD SLGAn 

CnOLESTEBOL 

iro 

MO 

no 

MO 

MO 

310 

2GS0 


241 0 

278 2 

197 3 

317 4 

2t>2 0 


272 7 

251 0 

120 0 

200 0 

333 0 


111 ■) 

2015 

110 3 

220 0 

210 0 

203 0 

2->6 4 

261 5 

57 3 

229 8 

230 S 

2o(3 4 

238 2 i 

242 4 

187 5 

220 0 

333 3 

2"6 4 

205 4 

200 4 

157 8 

208 3 



230 8 

2015 

133 0 

220 0 



205 4 

238 0 

88 2 




300 0 

242 4 



1 


340 0 

220 7 



1 

i 

277 7 

187 7 



1 


230 0 

187 7 



1 


357 1 

250 7 





320 0 

242 4 



i 

1 

300 0 

253 5 

1 



Case 3C — AB, male Histoiy ot diabetes since 1922 Treated in this 
clinic since Januaij, 1929, at which time the patient weighed 105 pounds, his 
blood sugai was 118 mg , and lie w'as able to star sugai liec on 30 units ot lusuhu 
dally and a diet of caibohjdiates, 140 gm , pioteins, 60 gm tats, 120 gm Blood 
sugars duiing 1929 went up on one occasion to 327 mg but othciwise were ue\er 
highei than 250 mg Insulin lequnemeut railed tioni 22 units to 65 units 
daily Weight incieased duiing this jeai to 114 pomids Duiuig the real 1930, 
up to the time ot lirci theiapr, the patient lequiied fiom 65 to as little as 35 
units to lemani sugai free, depending on the amount of exercise In Septeinbei, 
1930, the patient rvas talving 50 units ot insulin and the caibohrdiates ni tlie diet 
had been laised to 185 gm. The patient was sugai tiee dining the cla.r but 
tended to show sugai attei bieakfast On Septembei 10, 1930, the patient was 
staited oil lirei paste the equiralent of 1000 gm. ot larv lirei and 20 units ot 
insulin rvcie omitted, so that the patient was taking 30 units of insulin clailj 
The patient rvas sugar free foi seven clars except after bieakfast Dunng this 
time, horverei, he lost four pounds On the serenth day the trventj'-foui horn 
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'.IK'Limeu contamccl I ^lu ol suyi.ii The msiiliu w.is i.nsed to 42 mats The pa- 
tient LOiitnuiLil to spill su^.u loi one week, the insulai w.is deeieased to 40 amts, 
then iiKUMsed to 45 iinitb The patient on Oitohei 8 showed a coiitentiation ol 
10 pci cent sii{,Mi m his in an altei hieakl.ist, at nhich time the nisuhn was 4'') 
mats Tlic insulin isas laised to 50 units tUid patient becaiiic sugai fiee The 
insulin was cut to 45 units and the patient a'^ain spilled sugai On Octohei 21, 
at which time tlie patient was leccnnig 55 units ot insulin, the aitei-bieaklast 
specimen showed a (> pei cent sugai and 2 plus acetone with a blood sugai ot 500 
mg Luei was witluUawn insulin was laised to 70 units dailv, and the pa- 
tient hecame sugai liee, but the blood sugai continued high Livci w'as omitted 
until Nocembci 11 at which tune the patient was placed on the diied Inei ex- 
tiact, the eciunalent ol 800 gin. of law' Inci The amount of insulin at this time 
was 60 units The attei Ineaklast speciiucu on Xoicmbei 15 showed botli sugai 
and acetone The jiatient w'as continued on this licei and insulin and was sugai 
liee fioniKoiembei IS to Xocembei 29 at which time the aftei-lneakfast speci- 
men showed 3 pei cent sugai and 3-plus acetone Li\ei was discontinued De- 
cembei 2 To lenclei this patient sugai fice it was necessaii to laise the insulin 
to 82 units This boj' is extiemely coopeiative and lias adheied stiictly to his 
diet eiei since he has attended oui clime The diet at home was cheeked by the 
iisiting dietitian Luei obvioush had no effect on the blood sugai of this voung 
diabetic 

Tuile V 
Case 3c — A B 
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and the insulm wab leduced to one dose ot 10 units beloie bieakfast On Sep 
tenxbei 13, the patient showed sugar m his after-bicalifast specimen The de 
ci eased dose of insuhn uas continued and the livei luci eased to the equnalent of 
1200 gni. The patient was sugai fiee on Septembei 20 but tioin then on showed 
sugai in his attei-biealcfast specimen The total amount of insulin ^vas increased 
to 16 units, then to IS, then to 20, then to 25 Lnei uas discontinued Octobei 21 
The patient leqiiiied lioiii 30 to 42 units of insului to lemaiii sugai liee The 
blood sugar level and glycosiiiia weic not ahected bv the use of bvei At the 
tune ot this lepoit this patient lequiied 27 units ot insulm daily and the eaibo 
hydiate in his diet had been laised to 165 gm 


Tujlc VI 


CAsr Ic—V K 


BEFORE DIVER EXTRACT 

DURING DIVER 

EATRACT \NT> 

IXSUDIN ALONE VFTER DWER 


INSULIN 

EXTRACT 

SDQAfi 

GUOtESTEBOL 

BLOOD SUGAR 

CnODESTEEOD 

BLOOD SLOAB 


MO 

UG 

MO 

SIG 

MG 


103 0 


187 5 

211 0 

326 0 

1731 

300 0 


352 3 

196 7 

187 0 

212 9 

123 0 

205 6 


215 0 

93 S 

1851 



272 7 

211 6 

172 4 

2116 



300 1 

215 0 

100 0 

242 4 



182 9 

ooo o 

91 1 

222 7 



348 8 

193 2 

200 0 

192 6 



3571 

242 4 

203 1 



4410 

193 2 

220 5 

168 7 



83 3 

208 5 

168 5 

226 0 



327 8 

187 7 

394 7 




319 1 

192 4 

150 6 

125 0 

277 7 





300 0 



C^vsE 5C — B S , aged sixteen History of diabetes since 1926 
Treated in the diabetic clmic since 1929 The patient required an average 
ot 65 units of msulin daily to leiiiam sugar free on a diet of caibohydiates, 
180 gm., piotems, 80 gm , and fats, 100 gm The patient was hospitahzed and 
the diied livei extract was started Octobei 27, 1930, the equivalent of 1200 gm 
of the raw liver The patient lequiied laiymg amounts of insulin dm mg this 
period, the lowest bemg 59 units daily On this amount, the patient was sugar 
free but the fasting blood sugar level iias extremely high, neiei bemg less than 
400 mg This high blood sugar level was also noted m Case 3C The patient le 
mained sugar free, the amount of liiei in the foim of the diied extiact bemg 
raised to the equivalent of 2000 gnu Insulin was cut to 69 units and on Noa em- 
ber 12, the patient showed a faint tiace of sugai On November 14, 25 gm of 
sugar weie spilled m the twentj'-'fom houi period The patient spilled again on 
November 17 and on Novembei 20 and contmued to spill fiom Novembei 20 to 
December 5 The ms nim duimg this time was raised to 75 units 

The patient was taken oft liver on Decembei 10 and was kept sugai fiee on 
65 units of insulin daily The blood sugai lei el leinamed high until Decembei 
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29, at ^\hldl time it ^\as 75 iiitj The blood Migai on Januaiy 2 was 83 mg 
Iiisulm \sas tlieii icduted to 50 units daily, then to 45 units and the patient was 
dischaiged iioiii the hospital on 30 units ot insulin dailj Ihe piesent insulin 
lequnenieiit ^alles iioiii 40 to (50 units daih 

T MILE VII 


C \si ~ic — B S 


BEiOHE LI\ha E\TRACT 

THEBVPV 

DIIIISO LIVER EXTRACT VND 
IN-SULIV 

INSULI'J ALONE AFTER LIVER 
EXTRACT 

BLOOD SLGVR 

CnOLEi>ri.KOL 

BLOOD SUGAR 

CHOLESTEROL 

BLOOD SUGAR 

CnOLESTEKOL 

MG 

MO 

MG 

ito 

MG 

MG 

300 0 

242 4 

207 8 

242 4 

535 7 

196 3 

272 7 

272 1 

000 0 

206 6 

428 6 

215 7 



576 8 

229 8 





41G 0 

2013 

2nd Time 


j 

2nd Time 

454 5 

202 6 



on 

428 5 

193 2 



Luer 

483 9 

218 6 





454 5 

192 6 



454 5 

242 4 

75 0 

1481 



1 4S4 0 

203 9 

83 3 




1 500 0 

202 0 

52 3 

222 2 



j 468 7 

225 9 

205 4 




500 0 

228 3 

333 3 

202 0 



1 500 0 

2615 

164 8 

182 6 



j 535 7 

271 0 

174 4 

199 0 



576 9 

222 2 

87 2 

177 7 



500 0 

208 3 

53 6 

1915 



384 6 

186 7 

4410 

199 9 



600 0 

225 9 

53 6 




468 7 

258 3 





535 7 

264 5 





576 9 

224 0 





375 0 






500 0 

205 7 





4410 

180 1 




SUilM VK\ OF SHE CASES OP THE AOUNG DIABETICS rREATED ^V1TH LIWR 

Any one who has tieated diabetic childien lealizes that the insulin require- 
ment vanes according to the child’s activity and to whethei or not any minor iii- 
teetion occurs Foui of these children were tieated in the clinic and the insulin 
lequiiement was not materially altered during the peiiod of livei therapy, noi 
was there any fall of the blood sugar level On the contraiy, three cases showed 
a definite tendency to a higher blood sugai level while on liver and msulin than 
when on insulm alone One ease was treated in the hospital During the period 
of liver theiapy no material change nas effected in the amount of insulin, m fact 
less insulin was leqmied to keep the patient sugar fiee attei liver therapy was 
discontinued The hospitalized ease was one of the cases shoning an elevated 
blood sugai le\el ivith no glyeosuna duimg the period of liier theiapy In the 
study of these five eases, it seems justifiable to conclude that neither the dried noi 
the moist luei extract can replace oi leduce the amount of msulin leouired 
the young diabetic ^ 
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The ehett ol the clued h\ci cnIkicI was obseiccd on thuteeii adult diabetic 
patients The suiiiiiiaic oi these cases is shown in Table VIII In seveial pa- 
tients the moist and iKpiid cxtiacts weie used ioi shoit pciiods ol time but weie 
discontinued, as thee weie extieinelj unpleasant to take and as Blotnci and 
Viiipln s lesults did not show am clilleiencc in then eftcct liom that ot the 
clued estiact Cases 1, G, and 9 weie hospitalized foi a pciiod ol time diiiiiig the 
acbmnistiation ol the extiaet Blood sugai, cholesteiol, and uiinaiy sugai de- 
teiininations weie made on all jiatients The patients e\aniincd then uiine by 
Benedict’s cpiahtative method dailj, and a twenlj-toui houi specimen ot mine 
was exaiiuned each time the patient came to the chine In some cases, the patient 
ictuined weeklj toi ev.uniuation, in otheis twice a week The diet in each case 
was caiefully cliccked All ot these patients weiglied then food on scales and 
weie nistiucted caiefullj about the neccssitj ioi aceuiaey and adheiing to the 
diet as oideied 

The blood cholesteiol deteiminatioiis, clone each time the patients repoited 
foi blood sugai s, aie not lepoited in detail ownng to lack of space and also be- 
cause theie was no significant alteiation as a lesult of livei theiapy The ai- 
eiage blood cholesteiols befoie and duiinglivei theiapy aie lepoited m Table IX 

Table IX 


Average oi the Blood CuoLE&TEUor Dlierhiiation Beiore avd During Luer Eatbact 

Therapy os the Adult Patients 


CASE 

VVEttiQE BLOOD CHOLESTEEOL HG 

BEFORE U\ER EXTRACT 

TREATME'JT 

DURING LnER EXTRACT 

TRE miENT 

1 

251 8 

267 9 

2 

226 0 

210 0 

i 

254 7 

268 0 

4 

290 2 

246 3 

T 

211 1 

188 4 

6 

303 0 

281 2 

7 

237 2 

227 1 

8 

244 4 

249 2 

9 

254 2 

261 1 

11 

233 3 

255 4 

14 

276 0 

244 4 

15 

232 3 

215 9 

18 

221 0 

207 5 

_ 

_ 
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Of the 13 cases mvestigatecl all but 2 (Cases li, 15) 'neie on insulin piioi to 
icceiving livei e\tiact These 2 2 >atients ^vele on luei toi a peziod oi thiitj- 
nineand tiventy-nine ■\\eelcs lespectnely, Case 14 lecening the equnalent of 1200 
to 1600 gm of ra^v Inei and Case 15 lecening the equnalent ot SOO gm of la'i 
livei The chaits on these patients show that thcie was no eilect on the blood 
sugai knel dining the peiiod ot Inei theiapi (Chaits 1 1 and 15) 




Pom patients (Cases 3, 4, 5, and IS) had leqmied ten units of iiisidin oi 
less daily Following the use of livei evtiaet, foi peiiods of not less than twenty- 
five weelcs and extending m 3 eases foi foity-fiie weeks oi nioie, theie was no 
sigmficant effect on the blood sugar level It is ti ue that all 4 patients were able 
to omit insulin foi a peiiod of time but m the tieatment of diabetic patients who 
are on small doses of insulin this is a ciicumstanee that often oeeiiis and if the 
diet IS adheied to stiictly, insulin may be needed foi only slioit periods of tune 
This IS fuitliei bi ought out in all of these eases bv the fact tint when Inei was 




WVLlt hXTKACT IN TIIL TKLVTAILNT 01 OLUJLTLS AIELLITUS 




(liscontinvicd and the patient \\as tieatcd without cithei insulin or liver, theic was 
no stiikiug inciease in the blood sugai le\el (Cliaits 3, 4, 5, and IS) 

The leinaimng 7 patients (Chaits 1, 2, 6, 7, 8, 0, and 11) xequned 12 oi 
moie units ot insuiin daih and in this gioiip, Cases 2 and 9 showed results which 



might be attributed to the effect of the hvei e\tiact tieatment In tb,. 
eases the leduetion of the daih uisulm dose uas not <neateT thin I u 
expeced .s p ..s„U of eontmued .dhereneo to dtot l“aaS“ Tk 
««,..,.ood Mood Of tuo oo„o loto. fo,lotfo;rd; Ip? oT)" 



M<iM3.crBvoao SutiAts, 


rJlE JOURWL OP L.lBOBVTOK\ AND CLI^^CVI/ aiEDICPSE 
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Caie Mas able to icdute insulin dosaj-e lioin 35 to 15 units dail> Aitci this 
patient had been tieated toi a pcuod oi thnU fue Mcchs, the iat iva 

!;dueed lioni 150 to 123 .ni and t^ th:Z^^^ 

fhan hldVeen enronlitercd dunn, am paiod ot the ticatmeut This patient is 
at picscnt toleiatui'^ a diet of 


Caibohydiatc 

Piotcm 

Fat 


200 gi ams 
65 gi ams 
100 mams 




•3 9 ^QOOT0 JO 


Clinit S 




Chart 11 
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and has lenumed biigai liee on .i dailj"^ dobiigc ol 15 uiiitb oL insulin Case 9 is a 
patient who had been tieated in oiu clinit since 1929 and had lequued an av- 
erage of 70 units oi insnlin daih Ciuing his hist peiiod oi livei therapy, it was 
possible to 1 educe the insulin to 25 units daily AYhen hvei extiact was omit- 
ted, the blood siigai lose, <ind it was again nccessaij to ineiease the amount ot 
insulin. Dili mg this peiiod the patient w'as kept sugai tiee on 55 units ol 
insulin, below which amount he iiuaiiabh spilled sugai During his second pe- 




Chart 13 


nod of luer therapy it was possible to i educe the insulin to 5 units daily and the 
blood sugar at this time was lowei than at any time duiing the two yeai-s that the 
patient has been undei obseiwation When insulin was withdiaivn, the blood 
sugai immediately lose Liver has been discontinued m this patient, and he has 
been on msuhii alone for a period of ovei five months His blood sugar level has 
remained below 200 mg and lie has been kept sugar free on a dose of 15 units 
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SUMMVU\ .VXD DISCUSSION* 

Oul lesults do not substautiate tlie findings ot Blotnei and Jluipby’ = * 
In the young patients obsened neithei the di’v uoi the moist livei extract had 
any efteet on the hypeiglvceiiua, iioi was it possible to leduce the msnlm re- 
quirement dm mg the peiiod of luei theiapj 

Ot the adult patients oiilj Case 9 seemed to show anj maiKeil impiovement 
while leeemng livei extiaet In Case 2 it was possible to reduce the lusuliu but 
the hjpeigljtemia was affected moie bj* the change in diet tlian it was b> the 
hvei tlieiapy 

’\\niile these obseiv.itions have been in piogiess othei mvestigators have 
lepoited a simdai lack ot effect of livei extiact iii diabetes Bowen and Sly” 
investigated the effect ot whole livei and livei extract on the lespiiatoiv quotient 
ot two diabetic patients and found no evidence that eithei had a favorable m 
tlueuce on the diabetes 

DePenciei, Soskiii and Best-® studied the blood sugai and sugai excietion ot 
depaucieatiaed dogs attei whole bvei and weie unable to obseive any favorable 
lesults Ceitaiu of the Geimaii invcstigatora Ilabs,^' Beitiam, Horwntz and 
'\Vahucau-® leported that neithei livei iioi livei extiact have anv appieeiable in- 
lluencc on the blood sugai oi glv cosuiia in diabetic patients 

111 the tieatmcnt ot diabetes one is alwavs impiessed with the ability ot the 
patient to inciease Ins caibohjdiatc toleiauce bj adheience to diet and msulm, 
and if these patients aie followed ovei a peiiod of time the lesidts aie, m the 
majoiit}’' of eases, stiilnng This makes it difficult to diaw any conclusions as to 
the effect of a giv en type ot therapj on the coiuse ot the disease In this instance 
the patients vveie obseived foi peiiods of not less than one j eai and received the 
extiact foi nevei less than five mouths and in most ot the cases toi iiioie than five 
months Theiefoie, it seems leasouable to conclude that if anv impiovement 
weie to oceui it would have taken place duiing this piolonged peiiod of observa 
tion In view of this fact one does not feel justified m attiibuting to hvei extract 
any effect siniilai to that of insuhu on the hypeigbceniia oi glycosuiia ot dia- 
betic patients 
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the effect op liver extract on bile pigment formation* 


il b Kiai, si B , M b , Chicago, III 

'T'HERE ate a uumbei ot lepoits in the liteiatuie suggesting that In^ei extiact 
maj have some effect on bile pigment metabolism Why an appaient re- 
tention ol bihi ubin ocems in peimcious anemia, as is demonstrated by the icteric 
index and lemon yellow tinting of the tissues, is not known That it is a definite 
feature of the disease is shown by the fact that when liver extiact is given to the 
patient suffeiing from pernicious anemia, the leteiie index decreases along with 
the reticulocyte response and increase in erythrocjde count Murphy, Monroe 
and Pitz,‘ who first lecoided this fact, suggested that the disappeaianee ot 
bilirubin from the blood and tissues might mean that it was being utihzed in the 
foimation of hemoglobin by the bone mariow’ in i espouse to the liver treat- 
ment The other possibilities aie that the hvei extract might increase the elim- 
ination of bile pigment m the bile and that it may prevent excessive formation 
of bile pigment Verzar- has suggested that bihiubm is the “hematopoietic 
hoimone” and being a bj'-pioduct of led cell desti notion, regulates then forma- 
tion and liberation into the blood stieam He reports that in rabbits, hibrubin 
m small doses stimulates eiythiopoiesis and in large doses inhibits, and that in 
anemic labbits, legeneiation of erythrocytes occurs moie lapidly if bihiubm is 
admmisteicd It lemains to be proved whether this concept is true , how evei it is 
1 elated theoretically to the appaient letention of bihiubm in pernicious anemia 
Juiigmann"' and Scbulten^ hold that hvei therapy inhibits the hemolytic ap- 
paiatus, since all signs of mci eased blood destiuction are diminished On the 
other hand. Singer^ has shown that the daily stercobilm output in the noimal 

of Pl.jslolosj and Pharmaeoloffj Xorthwestem UnUersHj Medical 
RcccUcd for pubUc^vtion 'November 2-1 1931 
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iiicli'vidual IS not decieased on livei tlieiapj, and Hanop and Baiion“ lia\e 
tound that the ability ot the luei ot the peinicioiis anemia 2 iatient to elnnmate 
bihiubin injected intra\enously is less than noimal Furthei, it is ImoMn that 
jaundiced and hiliaij’’ fistula dogs iiecpientlj' de\elo 2 ) an aiieuua, and Whipple 
and Hoopei ha^e icpoited the biliaij fistula dogs impio've niiti itionally Mhen 
fed cooked li^vei The constituent ot luei that is lesponsible ioi this im 
piovement is not kno'v\n It occuired to us, theietoie, that the effect of hver 
extiact on bile pigment output should be studied and that it should be as- 
certained it hvei extiatt contained the ininciple lesponsible toi the improve- 
ment of biliary fistula dogs 

AIETUODS 

Foi this Moik biliaij fistula dogs Meie piejiaied accoidiug to the method of 
Eons and McMastei The dogs weie kept in cages and given no exeieise be- 
cause of the known influence of exeieise on bile pigment toimation “ The dogs 
weie fed a stock diet ot cooked yellow com meal and biead mmcd with bone 
bioth We used such a caibohjdiate diet because the bile pigment elimination 
on such a diet is low*® and we thought significant changes would be more readily 
detected The dogs weie kept on the diet toi one week betoie the operation 
and theieaftci Duiiug the test peiiod the dogs were given the extiaet of 200 
gm of hvei (Eli Lillj’-, No 343) dailj The bile was collected tiom the balloon 
twice daily and the bile pigment estimated immediately Thannhausen and 
Audeiseu’s modification ot the Van den Bcigh method foi seiuiii bilirubin” 
was used This method was compaied with that ot Rons and McJIastei*" and 
the lesults cheeked The livei extiact was found to contain no bile pigment 
and only a tiace of bile salts 

RESULTS 

Thu teen dogs weie piepaied with a bihary fistula Eight hved fiom 
twenty-two to foity days, the other two died at twenty days tiom peritonitis due 
to a peifoiated duodenal ulcei Thiee dogs weie ted daily wnth “gastiic mucin’ 
(Aimoui) and lived indefinitely in e.\celleut condition 

All but thiee of the animals weie in good condition duiiug the peiiod that 
data vv'eie collected Fiom one week to ten days attei the operation, the bile 
and pigment output became uniform*® 

Typical results aie shown m Tables I and II These weie obtained ou Dogs 
5, 8, 10, and 11 A faiily unifoim excietion ot bile pigment occurred durmg 
the contiol and livei extract feeding periods, but occasionally an luexphcable 
inciease in the twenty-four hour output of bde occuiied 

The twenty-foui hour output ot bile on the chet fed vaiied from 5 to 15 c c 
pel kilo body weight The range ot bile pigment output varied fiom 1 to 3 mg 
per kdo body weight in twenty-foui houis 

The hvei extract admimstiatiou did not influence bile oi bile pigment out- 
put in these dogs Neither could it be said that the hvei extract improved the 
nutritional condition of the dogs, but Fogelsoii’s “gastiic mucm” did 
Duodenal or gastric ulcer has not appeared m another senes of seventeen biliaiv 
fistula dogs on gastiic mucin 
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Showing Xo Lulct oi Liver Lntimct ov Bill Pigment Outpgt iv Dogs 5 and 8 


OPERATION 1 

VMT CC 

HILE IV -’4 lilt. 1 

I AMT IV MO 

BILE PIOMEVT IN 24 UK, 

EViS AJ'TER 

TOTU. 1 

PEE KILO BODV WT 

1 TOTAL 

PEE KILO BODY WT 



Dog 5 — Male 




Stock diet 


8 

loO 

9 7 

22 5 

1 5 

9 

140 

00 

25 6 

1 7 

10 

155 

10 3 

210 

1 5 

Average 

14S 

97 

23 3 

1 6 



Stock diet liver c\trTct 


11 

170 

11 3 

27 1 

18 

12 

170 

11 3 

41 7 

2 3 

13 

195 

13 4 

41 8 

29 

11 

185 

12 7 

37 5 

26 

15 

150 

10 0 

27 7 

19 

16 

189 

14 0 

31 7 

23 

17 

175 

12 5 

26 3 

19 

Average 

178 

12 2 

33 0 

23 



Stock diet 


18 

200 

14 7 

37 5 

28 

19 

185 

13 6 

29 6 

2 2 

20 

88 

6 7 

4.8 

03 

21 

235 

20 5 

30 9 

23 

22 

226 

18 9 

25 3 

19 

23 

220 

17 7 

36 2 

28 

24 

210 

16 7 

32 3 

26 

Average 

195 

13 8 

281 

21 



Dog 8 — ^Male 




Stock diet with liver extract 


8 

125 

82 

22 9 

15 

10 

125 

90 

26 3 

18 

12 

140 

10 0 

40 4 

29 

14 

100 

75 

34 9 

26 

Average 

123 2 

8 7 

311 

22 



Stock diet 


9 

140 

96 

27 6 

19 

11 

140 

98 

43 6 

30 

12 

130 

94 

33 6 

24 

15 

98 

75 

34 2 

26 

Average 

127 

91 

35 0 

25 


DISCUSSION 

The data obtained show that liver extract does not influence the formation 
of bile pigment or bile output in biliary fistula animals However, from this data 
it does not necessarily follow that liver extract might not have a favorable action 
on bile pigment elimination and metabolism in patients Nvith permeions anemia 
This IS substantiated by the work of Singer,® who found that liver therapy did 
not influence the stercobilin output in the feces of normal subjects, which cheeks 
with OUT results, and by the recent observations of Paschkis and Diamant^® who 
found a decrease m stercobilin output in pernicious anemia patients on the insti- 
tution of liver therapy, the decrease in stercobilin output preceding or accom- 
panying the impiovement in the blood picture Whether this decrease in bile 
pigment output in peimcious anemia patients is due to decreased blood destruc- 
tion, or to the utilization of bfliiubin m hemoglobin manufacture, or to some 
ciualitatiie change in erythropoiesis is yet to be detei mined 
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Tabee II 

Suo'wiNQ No UiiicT 01 Luia Nmiivct O'? Bile PioiiENT Outblt iv Boge 10 and 11 


OPEKATIOX I 

D1V3 AFTER j 

AMT 

C C MLF IX 24 UR 

1 AM 1 IS il(l BILE PIGMENT IS 24 IIB. 

TOT VL 

j PER KILO BODY WT 

1 TOTU> 1 

PFJl KILO BODY "WT 



Bog 10 — Male 




stock did Mith gastric niuciii, 

30 gm per da\ 


10 

85 

11 0 

21 2 

29 

11 

SO 

10 0 

Ih 7 

2 4 

12 

105 

13 4 

18 7 

23 

13 

95 

12 3 

17 8 

23 

14 

90 

11 7 

19 2 

2 4 

Aitrago 

91 

11 s 

19 1 

2 5 


Stock diet \wth g ibtut niutin 

and liier tstrut 


15 

100 

111 

17 8 

23 

IG 

90 

11 7 

19 5 

25 

17 

100 

13 1 

22 0 

29 

18 

95 

13 5 

111 1 

23 

19 

105 

14 b 

19 2 

20 

\\crage 

ns 

13 2 

lb>) 

2 5 



Bog 11 — Female 




Stock did with gistni muini 


17 

S7 

9 5 

19 7 

2 1 

18 

05 

11 3 

21 5 

2 5 

19 

no 

10 0 

19 8 

> y 

20 

90 

10 2 

21 0 

23 

Aier igo 

90 3 

10 3 

20 5 

25 


Stock diet iMtU g latru mueiu 

Old lucr i\tr at 


21 

95 

110 

26 1 

30 

22 

102 

115 

23 9 

29 

23 

120 

13 8 

IS 2 

2 0 

24 

125 

14 7 

173 

20 

Avoi igt 

110 5 

12 7 

21 4 

2 5 



Stock dat uitli gastric mucin 


27 

135 

15 3 

19 3 

2 1 

2C 

120 

13 8 

21 S 

26 

27 

ir> 

15 3 

19 3 

2 1 

28 

135 

15 5 

24 9 

28 

Ai erage 

129 

14 7 

21 1 

24 


The lange of bile exeieted m tweutj-four horns in oui dogs Mas appioxi 
mately the same as that found bv Mcilaster and Rous,^® who observed a lowei 
lange of fiom 1 to 7 c c and an upper lauge of fiom 8 to 14 c c pei Kilo Oin 
results on bile pigment output aie loiiei than those of Hoopei and "Whipple 
(9 mg pel kilo) and those of Rous and kIcMastei® (6 to 7 mg pei kilo) Oui 
low figuie IS due to the diet, since the figures of the workere just referred to 
Mere obtained on diets eontaimug meat and livei 

Duodenal ulcers MCie found in three dogs in this senes of ten without 
mucin, perforation of the ulcer being the cause of death in tivo^^ The occur- 
rence of duodenal uleeis in biliaiv fistula dogs has been reported by most 
ivoikeis and more recently by Berg and Jobling^^ Hom gastric mucin operates 
to prevent ulcer formation is not knoira “ 

CONCLUSION 

Liver extract (the fraction active in peinieious anemia) given by 
does not influence the output of bile or bile pigment in biliary fistula dogs 
Neither does it contain the active constituent of hver which improves the uu- 




I iiL LI 1 1 c r 01 i-n IK I \ nni -r on imt l pjomlvt i okmatiox 


1227 


tiihoiKil coiulilioii in bihaij listuLi clogs “Gastiic Jiiutiu” inaintauis biliaiv 
lisUila clogs lu c\cL‘llout uutiitional condition 

The luthor LXitressLS his lit irt\ thinks to I'lottssoi A C who suggested tlie inolj 
km and gue \ ilu ihle iiUitt, lud I lui indebted to Dr D L Walsh Mho assisted ni the 
hilnrc listul i oiitritioiis mil to Dr T Sides ulio gi\e idviee eoneerning the methods ol 
ingmtnt tstuii ition 
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CARBON DIOXIDE CHANGES IN AL^CEOLxVR AIR AND BLOOD PLAS 
MA OR SERUM AFTER SUBCUTANEOUS HISTA 2 IINE 
INJECTION IN HUMAN BEINGS* 


Lv\ 3[\U1IN, M D , V^D ilORTON MoKGn\S>TLR\, M D , Baltimokl, ilD 


IHSTORY 

TN THE ■\\oik ie\’ieA\ed t'wo mam types ot gastric stimulants have been used, 
food and bistaniine 'Wlicie the foimei has been used the Coj changes ha\e 
usuallj'- been detei mined upon alveolai air A use in the COj content of this 
an has been demonsti ated bj Higgins, ‘ Dodds, = Bennett and Dodds,^ Brunton 
and Isiaels,^ Van Slyke, Stillman and Cullen,"' and Kaudeis and Poiges® The 
last tuo men say that this rise uas found only in patients secietmg an acid 
gastiic juice 

Dodds and McIntosh" u ei e unable to find an inci ease in jilasma CO2 in food- 
stimulated cases but do lepoit an inciease in the CO> of the red blood corpuscles 
Hubbard,® m 1928 , tested the cftect of a eaibohjdrate high meal on patients vho 
ueie sufteiing from “caibohjdiate abnoi mail ties” and found an increase m 
titiatable aUmlinity of the blood aftei such meals Van Slyke, Stillman and 
Cullen® found an inci eased plasma CO. in most of then cases after the mgestion 
of food 

The lesults following the use of histamine as a gastiic stimulant seem to 
tall into two classes, accoidmg to the size of the dose Wheie a lelatiiely large 
amount was given, theie was alwajs a fall in plasma CO2, repoits of vork 
done on animals from Undeihill and Riugei,® Wallace and Pelhni,®® Hashimoto/® 
Boyd,'® and Hillei,'® aU agiee on this Small doses of histamine have been given 
human bemgs by Fonseca and de Caivalho,'"* and DeUiougne,'® uho found an in- 
ciease in plasma CO2 ui cases secicting hjdrochloiic acid in the gastiic juice 
but not in achloihj^diias (achyhas) , by Katzenelbogen,'® uho found an ineiease 
m plasma CO2 m tour eases of acidosis, and by Bi unton and Isiads,"* who le- 
poi ted a drop in alveolar CO2 

Feldbeig and Sehilf,'" m their leview of blood and alveolar CO.> changes 
pioduced by histamine have drawn the following conclusions, which we have 
fieely translated “The changes in alkali leseiwe and hvdiogen ion concentia- 
tion aie proportional to the amount and dependent upon the method of in- 
jection Aftei small subcutaneous injections of histamine, there is an mcrease 
in the Pn of the blood After mtiavenous 01 large subcutaneous injections, there 
is a large decrease of CO2 tension and of Ph of the blood, this they attributed 
to the inci eased bicarbonate output in the uime, increased lactic acid production, 
inci eased panel eatic secretion, and the direct action of histamine ” 

♦From Uie Chemical and GastroIntesUnal DUtsions of the Department of ATedictne ot 

Kied fo"r pu&ion Nox ember 30. 1931 
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Tauuf I 


CO Vari\tions Estimvteu on Vlmoloi Am \no Bloou Plvsma or Serum AtTEit Histamine 
Injections oe Pvtients Who Secreted Uyduocheoric Acid Into tue Gastric Juice 


NO 

DIAGNOSIS 

time ( 

min 

UTES ■ 

HASTRIO . 

juice f 
rITER % 

BLOOD PLASMA OR SERUM 

ALVEOLAR AIR 
COa CONTENT 
MM % 

lOj CAPACITY 
VOLUMES % 

COj CONTENT 
VOLUMES % 

G 1 

ChrouiE cliolcEj stitis 

r* 

18 31 

57 9 


\ 


30 

77 87 

57 9 


1 



00 

97 108 

56 0 





00 

64 73 

5S3 



S : 

CJiolccjiititis 

F 

24 36 

68 3 





30 

70 83 

70 2 

1 




CO 

84 94 

69 2 





00 

86 95 

70 2 



10 

Duodenal ulcer 

P 

218 

52 2 





30 

61 71 

70 2 





60 

62 72 

70 2 





90 

0 10 

68 3 



11 

Diabetes luellitus 

r 

. 3 19 

50 4 

i 




30 

i 12 26 

52 3 





60 

23 30 

52 3 





90 


65 3 



38 

ilitral regurgitation and func 

P 1 

40 50 

39 2 

j 

33 7 


tional dyspepsia 

30 

23 35 

1 42 0 


37 5 


60 j 

12 23 

1 401 

j 

412 

40 

None j 

P 

0 10 

56 9 


36 0 



30 

24 36 

56 9 


40 5 



60 

22 30 

60 6 


44 2 



90 

20 32 

60 0 


40 5 

42 

Cholehtliiasis and diabetes 

P 

40 52 

62 6 


38 2 


Dielbtus 

30 

72 83 

55 6 


47 2 



60 

76 84 

57 9 


50 2 

43 

Punctional dyspepsia and by 

P 

62 72 

62 5 


40 5 


pertension 

30 

74 84 

62 5 


43 5 


60 

120 132! 

65 4 

1 

442 



90 

120 127 

65 0 


44 2 

44 

Congenital constitutional m 

P 

0 10 

63 5 


42 0 


ferior 

30 

0 7 

63 5 


43 5 



60 

50 58 

62 8 


42 0 

45 

Duodenal ulcer 

P 

32 40 

59 6 

1 

46 5 



30 

72 81 

59 7 


43 5 



60 

72 80 

59 7 


45 0 



90 

76 85 



48 0 

46 

Chronic constipation 

P 

412 

59 9 

i 

37 5 



30 

68 74 

62 3 


43 5 



60 

70 76 

62 3 


45 0 



90 


62 0 


45 0 

50 

Diabetes meUitus 

P 

08 

50 4 


0 



30 

38-46 

52 2 


40 



60 

28 36 

54.1 


44 ^ 

— 

— 

90 

14-23 

52 2 

i 

i 

44 2 
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Tvble I (Cont’d) 


^0 

DIAGNOSIS 

TIME 

MIV 

UTES 

G \STUIC 

JUICE 
TITEB % 

j BLOOD n \SMA OK SEEDM 

j iLVEOLAPAIE 
COj COMEST 
Mil % 



52 

Irntible colon and diarrhea 

F 

0 9 

141 


39 7 


1 

30 

20 30 

19 8 


44.2 



GO 

lb 24 

60 7 


45 7 



00 


61 7 


46 5 

53 

None 

P 

0 S 

53 8 


38 2 



30 

20 26 

10 7 


42 7 


1 

00 

8- 

17 6 


442 



90 


57 6 


442 

54 

Ilypertonaion and artonoaclc 

F 

78 86 

16 0 


33 0 


rosis 

30 

93 105 

58 9 


36 0 



GO 

121 129 

19 8 


39 7 



90 

89 94 

19 8 


39 7 

61 

Clirouic cliolecjstitis 

P 

06 



315 



30 

32 36 



40 5 



60 

10 15 



39 0 



90 j 

0 3 



36 0 

65 

Tunctioml dyspepsia 

F 

94 104 

60 7 


412 



10 1 

93 104 

70 1 


42 0 



60 j 

98 108 

01 4 


44 2 



90 1 

1 

68 SO 

60 4 


46 5 

71 

Choleangcitis secoudarj to 

P 

6 23 


! 

24 7 


cholecrstodnodenostomy 

30 

8 19 



28 5 



60 

62 72 



30 0 

73 

Chronic appendicitis 

F 

0 8 

58 6 





30 

86 95 

17 6 





60 

108 118 

614 





90 j 

88 98 

62 4 



76 

Cholecystitis 

P 

18 64 



34 5 



30 

6 14 



35 2 



60 i 

0 12 



35 2 



90 

20 30 



33 7 

8^ 

Diabetes niellitus 


012 

57 9 






29 41 

19 7 






32 46 

67 1 






0 14 

66 4 



87 

Chronic pancreatitis 


0 10 

56 7 





30 ( 

18 30 

03 3 





60 

38 48 

59 5 





90 

32 42 

60 5 



89 

Irritable colon 

F 

0 10 

63 6 





30 

30 40 

63 6 





60 

44-56 

60 3 



94 

None 

F 

20 30 

55 1 




30 

1 58 70 

58 9 





60 

1 62 74 

57 9 





90 

i 

1 

72 S3 

63 6 


— 
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'i \iii,n I (Cout’d) 


NO 

UI IQNOblS 

98 1 

Muroap laiii 

09 

luodcinl uki.r 

100 

Xone 

101 

Neurastliema 

102 

Chronic cerMcitis, gall bladder 
disease 1 

103 

Psychoiieurosis 

104 

Psj clioneui osis 

105 

Ai nc losaiea 


ULOOD 1 liAbMA OH SEUUM 


TIME 


OASTIHO 


MIN 
UTEb T 

JUICE C 
ITER %] 

0, CM ACITi 
lOLUMEb % 

r 

10 30 

49 1 

30 

70 80 

50 4 

00 

52 62 

59 8 

90 

28 38 

50 4 

r 

42 52 

541 

30 

87 97 

57 9 

00 

94 104 

57 0 

90 

92 100 

5y 8 

F 

0 4 

551 

30 

2 12 

61 7 

60 

21 31 

57 0 

90 

0 11 

56 0 

F 

12 26 


30 

36 48 

61 7 

60 

48 54 

90 

50 57 

60 7 

F 

0 14 

551 

30 

48 58 

57 9 

60 

78 90 


90 

50 60 

57 9 

F 

51 62 

59 5 

30 

115 12t 

59 5 

60 

110 12( 

58 6 

90 

86 96 

63 3 

F 

19 30 

64 5 

30 

76 86 

65 5 

60 

108 11 

6 65 5 

90 

50 60 

64 5 

F 

0 10 

62 4 

30 

38 48 

67 2 

60 

52 63 

65 5 

90 

60 7C 

63 6 


I 


CO, CONTENT 
VOLUMES % 


59 8 
02 6 
03 6 
57 9 

00 7 
63 0 
03 6 
62 6 

55 1 
00 7 

56 0 

57 0 

56 0 
61 7 
60 7 
59 8 

513 

58 9 

57 0 

519 
014 
57 6 

59 5 

65 5 
65 5 
63 6 
65 5 


60 5 
66 4 
63 6 
617 


vlveolab aib 

CO, CONTENT 
Mil % 


METHOD 

In connection with the woik done in this laboiatoiy on phases of gastric 
digestion, we have made determinations of alveolar COa and of plasma oi serum 
CO., before and at half hour intervals aftei histamine stimulations of gastric 
secretions 

The patient, who had fasted for fifteen lionis, reported to us in the morning 
A duodenal tube was then swallowed and its position ascertained by the fluoro- 
scope, with the tip in the most dependent portion of the stomach The fasting 
contents were removed and control specimens of blood and alveolar air taken 
Histamine w as given subeutaneouslv (0 005 mg per pound of body weight) and 
at half hour intervals afterward specimens of blood and alveolar air were taken 
The gastric juice was continuously aspirated and collected over the half hour 
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Tabie II 

CO3 TABLmoNs Estim vted os Ae\ E oii Airt vsD Blood Pl vsii v oit Sti uu Ai tes IIistahise 
IsjtcTiov 01 Piiii^xifc, Who Secrltjj) Xo IIiDrioturoi ic Acid Into tul Gisrrtc Jincs 


NO 

! 

i 

i DUQNObIS 

1 

TIME 

MIV 

UTES 

0 VSTRIO 

JUICE 
rifEE ^ 

IILOOD PE \SMA OR SERUM 

VT.YEHTiXR ATR 

i Oj CAP vcm 
j \ Of um s % 

' COj CONTENT 

\OEUMtS % 

' CO 3 CONTENT 

MM % 

51 

Benign -ijijha 

r* 

0 -t 

54 1 


41 2 



30 

0 12 

579 


43 5 



60 

oil 

60 7 


44 2 

i 


90 


63 6 


4") 7 

55 

Circinoinn o£ stomicli 

r 

0 s 

47 5 


33 0 



30 

2 10 

52 2 


33 7 

1 


CO 

0 7 

5S0 


36 7 

1 


90 




36 S 

5G ; 

Cliromc coiidtip itiou 

F 

0 5 

53 2 

45 0 



30 

0 s 

54 1 

45 7 

1 


90 

0 6 

56 0 j 

49 5 

57 

Ptostd, spubtn, colon 

r 

0 10 

1 

1 

33 0 



30 

0 10 

1 

34 5 



60 

0 S 


I 

34 5 



90 

0 10 



35 3 

58 

PoniKiouii incmii 

P 

0 15 



34 5 



30 

0 16 



35 5 



60 

0 13 



ii7 5 



90 

0 12 



375 

oS 

Second tost 

P 

0 10 ! 

579 


35 5 


! 

30 

0 22 ’ 

61 7 


30 S 



60 

0 22 

61 7 


30 0 



90 

0 16 

1 17 9 

1 


37 5 

59 

Pernicious mcmia 

P 

0 IS 


1 

' 36 0 



30 

0 16 



33 0 



; 60 

0 14 



36 S 



90 

0 14 


36 S 

60 

Chronic appendicitis ind 

P 

0 7 

579 


36 0 


ilironic cholecystitis 

30 

0 13 

57 9 


37 5 



60 

09 

5S9 


3S2 



90 


GO 7 


3S2 

62 

Menopausal syndrome and 

P 

0 15 

49 4 


36 S 


chronic constipation 

30 

7 17 

52 2 


39 0 



60 


67 3 


39 0 

GS 

Chionic alcoholic gastritis 

P 

0 12 

5SG 


39 0 



30 

0 10 

52 S 


3S2 

1 


60 

0 10 

57 6 


39 6 

70 

Pcrnieious aneuii i 

P 

0 4 

60 7 


34 5 



30 

02 

54 1 


J*! 0 



60 

02 

59 S 


35 5 



90 

0 2 

60 7 


l) 

83 

Chrome nephritis ccitli anemia 

P 

0 16 

43 S 



1 



0 14 

49 4 






0 13 

40 9 






0 12 

40 0 


— 
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TAlilt II (Cont’d) 


SO 

DIVQSOSIS 

lIMh ' 

MIN 

UTLS ’ 

[IVSTfttO . 

JUICL < 

rirnt % 

ULOOD ILlSilAOll SEUUil 

ALVEOLAR AIR 
COa CONTENT 
MM % 

[TOa CAI ACITY 

VOLUMLS % 

COa CONTENT 

VOLUMES % 

8S 

ttoiuc colon 

r 

0 10 

57 9 





30 

0 11 

57 0 





GO 

0 10 

53 2 





90 

08 

58 9 



90 * 

dwciuonia of stomach 

F 

0 11 

55 8 





30 

0 12 

58 7 





GO 


COO 





90 

0 16 

60 0 



92 

Carcinoma of stomach 

F 

0 12 



30 7 



mm 

0 28 



31 5 




0 34 



32 3 



H 

010 



30 7 

92 

Second test 

F 

0 6 

56 0 





mm 

0 50 

541 





CO 


57 0 



107 

Cardiospasm 

F 

0 8 

57 9 

56 0 




30 


59 8 

57 9 




60 

12 23 

58 9 

57 0 



, 

90 

, 08 

60 7 

57 9 


108 

Terminal nephritis 

F 

08 

18 3 

15 5 




30 


25 8 

20 2 




90 


18 3 

18 3 


109 

Carcmoma of stomach 

F 

0 11 


52 2 




30 

9 20 


53 2 




60 

11 20 


52 2 




90 

0 10 


51 3 


110 

Anemia pernicious? 

F 

0 13 

60 7 

59 8 




30 


59 8 

57 0 




60 


58 9 

58 9 




90 

0 10 

59 8 

57 0 


111 

Carcmoma of stomach? 

F 

0 6 

56 0 

56 0 




30 

0 8 

57 0 

56 0 




60 


57 9 

57 0 




90 

0 7 

57 0 

56 0 


112 

Functional gastric disturbance 

F 

04 

48 5 

49 4 




30 

04 

52 2 

50 4 




60 

06 





1 

90 

04 

56 0 

541 



periods Topfer’s reagent -was used m the estimation hydiochlorie aeid and 
phenolphthalein in that of total acidity The plasma or serum weie used inter- 
Lhangeablj for the determination ot CO_ content and capacity, Van Slyke and 

Cullen’s method^ ^^as used Foi alveolar COn Fiiderieia’s indiiect method” 
was used 


OBSERVATIONS 

We are able to lepoit results of tests made 
a multiplicity of ailments A detailed list of 


on 52 patients, suffering from 
these pathologic conditions is 
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given in Tables I and II "With but lew exceptions all the individuals investi- 
gated weie lioin the Gastiointcstinal Dispensaiv ot tiie Johns lIopKiiis Ilobpital 
and lepieseut an aveiage gioup ot entiants Poi clearness in the analysis ot 
lesults we have divided the patients into two gioups Gionp 1 (see Table I) 
contains those secieting hjdiochloiic acid attei histamine, this gioup also con- 
tains 14 patients who showed no hydiochloiie acid undei the stiniiiliis ot an 
Ewald test meal but who did seeiete it uttei liistamine Gioup 2 (sec Table II) 
contains those patients secieting no hydioehloric acid, the ach-slias who had 
gastiie juice with a hydiogen ion coucenti ation between 3 and 8 

In Gioup 1 theie aie 32 patients, 17 had hydiochloiic acid in the fasting 
juice, the icmaindei did not The tjpe of CO. cliangis following Jiistamme 



rib' 1 Fib 2 

Fig 1 — Changes in CO 2 capnclty in blood scrum or plasma ifter histamua. btiinul itioii of 
cases secreting hydrochloric acid in the gastric juice 

Fig 2 — Changes in CO 2 capacltj In blood scrum or plasma after hist rmlne stimulation ot 
cases secreting no hjdrochloric acid in tlie gastric juice 


did not seem to be influenced by the picsence oi absence ot hidiochloiic acid in 
the fasting juice 

A glance at Fig 1 demonstiates the tact tliat duinig the jiciiod of secietiou, 
the majoiity of those patients secieting hjdiochloiic acid aftei histamme stimu- 
lation show' vaij lug amounts ot plasma and ah eolai COj In 25 patients theie is 
an mciease in plasma COj and wheie the alveolai CO> was also deteimiued theie 
w as a pai aUel luci ease In tw o patients thei e w as no demonsti able change , m tw o 
patients theie w'as a faU In thiee patients in whom the alveolai CO 2 alone was 
detei mined, theie w'as a use Theie was no legulantj in the time of the gieatest 
inciease but geneiaUy the peak was 1 cached in thiity minutes, some eases con- 
tinued to inciease aftei the fiist use 

In Fig 2 ot Gioup 2, cases secieting no hjdiochloiic aeid aftei histamine 
stimulation, the lesults aie moie iiiegulai than m the pievious gioup The most 
maiked point is that hve patients out ot the twentj' show a definite diop m plas- 
ma CO>, paralleled by the alveolai CO. The caiiations m those patients who 




t \HUO\ DIDMDl OHASOIS \l TLIt IIISIVMIM IN ;i t'ilON 


]2'j5 


shoA\ d poststimiilatiou use ni pl.isina and alvcolai CO_ aie usually less than 
those \\luLh seciete hjcUoehloiiii atul lu the tastm^j 3 uicc 

Foiu eases oL peinieious anemia aie ineludcd in this gioup, m tluee theie 
was a dceiease in the aheolai oi plasma COj (in both it both ucic dcteiniiued) , 
but in the louitli tlicie uas an mtiease The Ine cases of caitinoina show only 
small vaiiations one way oi the othei Two cases ot teiniinal nephiitis show 
an mcicasc in the plasma CO. One ol these, No 108, adianccd tioni a control 
COj capaeitj of 18 3 volumes pci cent to 25 8 m tliiity minutes, in ninety 
minutes theie was a letiiin to the contiol level 


DlbCUSSIOK 


'When this woik was staited it was possible to asseit that in patients scciet- 
mg a noimal gastiic juice, the cftect of a meal was to inciease the alveolar CO. 
tension foi vaiioiis peiiods attei ingestion Fuitheimore one could add the 
ecudence ot one gioup® of invcstigatois that this use was tound only in cases 
secreting hydroelilone acid and not found in achylia In then lecent publica- 
tion Peteis and Van Slj'ke^® piesent eudence winch they feel coiioboiates this 
The consideiation of the effects produced by histamine m human beings, 
however, does not allow one to make such sweeping statements as theie is no 
agreement among the investigatois Perhaps the fact that hut a small num- 
ber of cases was studied by any group may be responsible foi tins lack of 
agreement 

Prom oui woik it is not possible to make any final statement as to the 
absolute certaintj of a use oi fall in CO* of the plasma oi alveolar an in i elation 
to the type of gastiic secretion It is true, howecei, that the COo of plasma 
and alveolar an always vary in a paiallel manner 

The greater number of our acid secietiiig cases sliows a rise in the COo 
content but theie are tw'o definite exceptions Purtheimoie, these exceptions 
secreted a laige amount of juice of high titiatable acidity Our nonacid secret- 
ing cases do not all show' a fall in then alveolai or plasma COo after histamine 
stimulation Some of them show' a using curve almost equal in height to that 
found in the aeid secreting cases, others do not vaiy Therefore, we cannot 
by any means foretell the CO 2 changes aftei histamine in patients not seci eting 
an acid juiee , the variation has an ecjual chance of being up or dow’n 

The question as to whether the changes observed after a meal and those 


after histamine stimulation are comparable, is to be considered Certainly the 
main action of food m normal eases is the production of hydrochloric acid It is 
possible that as panereatic secietion begins, this seeondaiy action may gieatly 
influence the eleetiolytie balance in the blood "With histamine and with the 


constant evacuation of the gastiic contents, it is possible to lessen the de^iee of 
the second factoi Nevertheless in the majoiitj of our eases we find the same 
lesults as those reported m all acid secreting eases aftei eating a normal 
meal, 1 e , an elevation of alveolar CO. Tlieiefore, although the tact tliat histam- 
ine may h ivc other indiiect effects upon the alveolar and the plasma CO than 
that produced by gastric secietion it appeals that m the large pait tin chainus 
aie those that follow this secietion ' 
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CONCIiUSIONS 

1 Follo^\mg the stimulation ot gastiic seeietiou by histamine^ tlieie is an 
inciease in the COj content of alicolai aii and of plasma oi seium ot the great 
majoiity of patients nho seeicte an acid jiiite 

2 Polloning the stimulation ot gastiic seeietion b\ histamine, there may be 
an inciease oi a deciease in the CO. content of alveolai an and of plasma oi 
scium of patients A\ho secicte no h 3 dioehloiic aeid in the gastric juice 

3 The vaiiations in the CO 2 content ot aheolai au and of plasma 01 serum 
paiallel each othei attei histamine stimulation ot gastiie seeietion 


RLl!l.RLNCLb 

1 Il'gS’ns, II L The Influenco of Food, Posture nid Otlier Factors on the Alveolar Cnr 

boil Diosulo Tension m Man, Am J Phjsiol 34 114, 1914 

2 Dodds, E C Aginations in Aheolir Carbon Dioside Pressure iii Edition to Aleals, J 

Phjsiol 54 342, 1020 1921 

3 Bennett, T I, and Dodds, E P Gastric and Etspiritorv Eesponse to Meals, Brit J 

E\-per P ith 2 5S, 1921 

4 Brunton, C E , and Isr lels, M C G Interrelation of Respiration and Gastric Secretion, 

J Physiol 70 184, 1930 

3 Van Slyko, D D, Stillnun, E, and Culloii, 6 E Studies of Acidosis V Ahcolar 
Carbon Dio\ido and Plisiiia Bitiirboiiate in Normal Afen During Digestiio Rest and 
ActiMta, J Biol Chem 30 101,1917 

G K luders, F, and Porgts, 0 tlber die Bmelmgcn dur Koblcns.iurospauiiung dcr Ahcolar 
lutt zur Patbologie der M igcnsattbckretioii, AVicu Arch f uiu Med 5 379, 1923 

7 Dodds, E C , and JlcIntosli, J A'’ iriatious m the C 0, Content of tho Blood Constituents 

in Relation to Altals, T Plijsiol 57 139, 1923 

8 Hubbard, R S Tho Effect of a Meal Upon the Titratable Alkalinity in Blood, Proc 

Sol E\per Biol Alcd 25 71, 1927 19‘2S 

9 Underbill, F P , and Ringer, M Studies on the Pliysiologital Action of Some Protein 

Derivatices, J Biol Chem 48 533, 1921 

10 AVallaee, G B , and Fellini, E J Acidosis From Capillari Poisons, Proe Soc Esper 

Biol 5, Med 18 115, 1920 1921 

11 Hashimoto, H Blood Chemistry in Acute Histamine Intoxiiation, J Plurnneol E\por 

Thcrap 25 381, 1925 

12 Bold, T E, Tweedy, W IF, and Austin, AF C Some Effects on the Acid Base Baliucc, 

Proc Soc Exper Biol A, Med 25 451, 1027 1928 

13 Hiller, \ Tho Effect of Histamiuo on the Ac id Base Balance, J Biol Chem G8 S33, 

192G 

14 Fousoca, P, and de Canalho, V AKtabolismo ct Ilistamiiic, Coinpt rend Soc do oiol 

96 875, 1927 

15 Delliougnc, F Uiitersuchuiigeii fiber die Magcusaftsckretion lA’’ Bbcr die Migeiisaft 

sekretion bei Lugi ntubcrkiilose /uglcieli ein Boitrag zur Frage dcr Histamiunirkung, 
Deutsches Arch f klni Med 150 373, 1926 

10 Katzenolbogeu, S The Action of Histamine on tho Alkali Reserve, J A AI A 92 
1240, 1929 

17 Feldbcrg, AF , and Seliilf, E Histaniin, cd Julius Springer, Berlm, 1930 

18 Van Slyke, V D, and Stadie, AF C The Determination of tho Gases of tho Blood, 

T Biol Chem 49 1, 1921 

19 Fridericia, L S Estimation of Carbon Dioxide Tension in Alveolar Air, Hosp iiu > 

Kpbonli 5 E vii, 585, 1914 

20 Peters, J P, and Van Slyke, D D Quuititatieo Cliuieal Chemistry, Vol I luterpreta 

tious, Baltimoic, 1931, AFilliams ind AFilkins 


INTKADEE^IAL TEST FOR THE DETERMINATION OP MALIGNANCY* 


B GrU'sKIN, il D , PlULADLLPUIA, Pa 


T he object ot tins p.ipci IS to piesent a new phase in the diagnosis of nialig- 
iiaiio, c\ith in attempt to establish the fact that a foieign piotein of em- 
bijonal chaidctei is piesent in malignancy and that this piotem is so chaiactei- 
istie that it not oiilj piodiites spetihe piecipitins, as deraoiistiated by the seio- 
logie test foi mahgnancvd but also shows that the fixed cells, too, aie lesponsive 
to that piotem, which tact is dcmonstiated by the alleigic leaction obtained 
when ail antigen oi embiyoinc tissue is used It tuithei proves that these em- 
bryonic pioteins die distnictlj of a given type, that is, they aie either epithelial 
in the case of caicinonia oi ot connective tissue oiigin in the case o£ saicoma 
Long ago, many woikeis noticed the erabijonic chaiactei of malignant cells 
and have eien attempted to make extiaets of embiyos foi therapeutic pin poses 
but failed to appieciate the fact that while it is tiue that malignant cells aie em- 
brvonic in chaiacter, the gieat diffeience lies in the type of the cell which de- 
teimines its specificity, this, they have entiiely oveilooked That is to say that 
carcinoma, being an epithelial tumoi, will not respond to embijoiiic tissue whieh 
contains connective tissue cells, and vice veisa in the case of sarcoma 

Fiy^ employed tumor tissue as an antigen for a serologic test foi malignancy 
and, according to Ins own statement, the test did not piove successful in a great 
number of cases The reason for it may be ascribed to the fact that tumor tis 
sue can not be obtained in pui e form to represent a given type of ceU, on account 
of the intereellulai substance and mature connective tissue cells which surround 
the malignant cells and which cannot be separated from them in the piepaiation 
of the antigen Furthermore, if a malignant tumor is large enough to be used for 
antigenic purposes, degeneration of the tumor tissue is usually already in progress 
and will inter feie with the reaction 

One must also keep in mind the possibility of organ specificity, as proved by 
Hektoen^ and his eowoikeis, which is liable to gi\e false reactions in alleigieallv 
susceptible individuals From oui obsei cat ions in the Clinic here at the Uni- 
lersity, a great number of patients suffering wnth malignant conditions have 
shown allergic phenomena to other proteins too It is therefore imperative that 
the antigen chosen for the reaction must be of such natuie that is highly 
allergically specialized and not within the category of nonspecific alleigie 
susceptibilities 

Woith> of consider ation is the possibility that innoeulation of a patient wuth 
an antigen made of cancel tissue, enough to produce an allergic reaction, might 
oxeit an tigenic influences in enooiii aging malignancy m an inheientlv susceptible 

ct Mcdlfin'r of OmcoIobj and Experiment U P aholosy Temple Unhtrsitx Srtm.i 
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nicliviclnal The fact that implantation of eancor tissue in man iloes not deielop 
malignancy does not piove contiaiy to the above possibihtj toi the simple rea- 
son that yhen cancel is implanted, degenciation of the implant lapidly takes 
place on account of the lack ot blood supply, and theietoie the antigenic influence 
does not asseit itself, while wJien an evtiact of pnicii epithelial cells is lutio 
duced, then cliaiacteiistic piotciii might act iinniediatelj’', as demoiistiated bv 
the alleigic leaetion 

As seen ixom the aboie, the picparation of an antigen foi the puipose ot 
detei mining malignancy must be of such natuic that it wU not he atlected or 
maned by any ot the abo^e enumeiatcd obstacles In oidei to do so, cells of 
pinch cmbijomc ehaiactei must be icsoited to, and aceoidiiigly the folloiung 
tissues ba\e been adopted and lound to gne the dcsiied results In the case ot 
caiciiioma, panel eas and siibmaMllaiy glands ot \eiy young embiio cahes were 
used, toi saicoma, AYhaitou’s jelh and the boiic maiiow ol > oung embrj os wei’C 
utili7ed, as pei the follow mg techine 

Pi cpaniiioii of Sniigcn, Piehminan/ Steps — It is essential that in the 
piepaiation ot the antigen, both loi caieiuoma and saicoma, ill glassivaie and 
othei utensils used bo cheiiucally clean, stcnle, and of neiitial loaction 

Picpaiahon of the Antigen foi Caicinoma — Mammalian embiios aie used 
(calves, sheep, pigs) They must not he in a latei stage than the second mouth 
of fetal Iitc Tins is leadily leeogni/cd bj then lelatue smallness, and hj the 
smoothness ot the skin (foi instance, thcie is no loimatiou ot han ) In securing 
these embiyos, the abdomen must be opened undei steiile conditions The pan- 
cieas and subma\illaiy glands aic dissected out, and placed ui a steiile dish A 
hypotonic salt solution is pouied o\ei these, and if possible, allowed to freeze, 
the oboect being to peinnt an casioi lemoval of the fibious capsule The capsule 
and the ducts, etc , aie then icmoied bj'- eaieful manipulation with small tissue 
foi ceps The epithelial tissue is picked out It is placed m a moitai in which 
steiile eoppci gau/e is mseited (to lacilitate the maceiation) and inacciated m 
physiologic salt solution At this point, the cells suspended in salt solution aie 
centiifuged and the supernatant salt solution is discaided The epithelial cells 
aie placed m a poieelam dish and diied at a tempeiatuie of 75° C foi a tew min- 
utes until the watei separates, which should then be pomed oft leaving the cells 
in a state of doughy consistency These aie then coceied with ethei, shaken up, 
the ethei decanted and the cells placed at loom tempeiatuie foi a few immitcs to 
allow^ the remaining ethei to ecaporate It is then lubbed up with twenty-fiie 
times its lolume of one-tenth iioimal sodium hydrovide, by adding the soduim 
li>diOMde slowly, one cubic centimctei at a time, and maceiating it \igorouslv 
until the cells aie thoionglily nibbed up, so that on standing foi awlule the least 
amount of the remaining cells fall to the bottom It is placed at loom tempeia- 
tuie toi twenty -foul houis, attei which it is centiifuged at a low speed for ten 
minutes, the supcuiatant fluid is then pipetted off and neuti aimed with one-teuth 
iiomal hydiochloiic acid, diop by diop, until it is biought to neutiahty, at a 
Pn ot seven 

Recent ei-penments have shown that embiyomc liver max be used to ad- 
vantage in the piepaiation ot the antigen foi caiemoma, since a laigei amount 
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OBUSKW 

INTRVDEKMAIi IllOPSy OK AOTOPSr OPERATION 


Circinoma po 3 iti%c Carcinoma o£ breaatjCarcmoma of breast 


Carcinoma negative 


Carcinoma positive Carcinoma, probably Carcinoma of larynv 
broiicliiogcmc 


Carcinoma positivo Evtcnsive adenocar tdenoma of ovary 
emoma 


Carcinoma positive Fibroadenoma, ma 
lignant change 


Carcinoma negative 


CUNICALLY 

ODTSPOKEN 


Advanced, active bi 
lateral pulmonary 
tuberculosis 





Advanced p u 1 m o 
nary tuberculosis, 
laryngeal tubercu 
losis 







Carcinoma positive Chronic cystic mas 
titis 


Carcinoma negative Chrome cystic mas Chrome cystic mas 
titis titis 


Carcinoma negative 


Carcinoma positive 


Carcinoma negative 


Sarcoma positive Endothelioma of 
bone that has 
spread to sur 
xoundmg soft 
structures 


Sarcoma positive jMelanosarcoma iMelanotie sarcoma 


Caremoma negative 


Carcinoma positive Fibroadenoma un Fibroadenoma of 
dergomg mabg breast 
nant change 


jCarcinoma negative 


Caremoma negative 


Caremoma positive 




Syphilis 


Confirmed by s ray 


Bilateral pulmonary 
tuberculosis 





Alveolar caremoma 
of appendis 


Incipient tubercu 
losis 

Nephritis 


Caremoma of pros 
tate, with metas 
tasis to lungs and 
bones 

Syphilis 


Early pulmonary tu 
berculosis 
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TiDLF I (Contiiiuul) 


CASE 

GUUSKIi^ 

INTR \DERM.U* 

mOPSY OP AUTOPSY 

OPERATION 

CLINIC \LL\ 

OUTSPOKEN 

S P 

Carcinoma negatiio 


Vbscess in tempero 
mandibul ir rcgioi 

Q 

M V 

Caremoma positiio 

Squamous cell car 
cinoma 

Carcinoma of ccrvi: 


B W 

Carcinoma negative 



Earlj tuberculosis 

W S 

Carcinoma positive 



Carcinoma of pelvic 
organs with me 
tast ISIS to pen 
toiicum 

L S 

Carcinoma negative 



Svphilis 

E L 

Sarcoma positive 

Periosteal sarcoma 

Sarcoma of iliac 
bono 


n AI 

Carcinoma positive 

Adenoma or stomach 
undergoing malig 
nant change 

Gastric malignancy 



Carcinoma negative 



Fibroid tuberculosis 


Carcinoma positive 

Carcinoma 




Carcinoma positive 

Vdenoma undergo 
mg malignant de 
generation 

Carcinoma of gall 
bladder 


L B 

Carcinoma positive 

iMccrotic tissue, ina 
lignant 

Carcinoma of cems 


E G 

Carcinoma negative 



Bilateral pulmonary 
tuberculosis 

n M 

Carcinoma negative 

Earl} Hodgkm's 
disease 



C E 

Carcinoma positive 



Evtensive carcinoma 
of bladder (mill 
tratmg) 

S 

Carcinoma negative 



S ray tubtrculosib 
of lung 

M B 

Sarcoma positive 

Retroperitoneal sar 
coma 



E H 

Carcinoma negative 



tctive puliuomrj 
tuberculosis 

B E 

Carcinoma positive 1 

Suspicious malig ] 
mney 

Possible corcuioma 
of vagina 


B G 

Carcinoma positive 

( 

Ilonsidercd inoper C 
able 

'arciuoma of breast 

A B 

Carcinoma negative 


I 

tiHtenl pulmonary 
tuberculosis 

S A 

Carcinoma positive 

( 

larcmoma of pros 
tate 



H G 


Cnrcinomn negative 


Dnbetes 
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Tahw I (CojitJiiucd) 


CtSE 

OKUSIvIV 

INTIt-UiUCSC 

BIOPSl OK AUTOPSY 

OPiilATJON 

CUNICALLy 

OUTSPOKEN 

B C C 

hrcmoraa ncgitnc ( 

;;iironic interstitial 
adenitis 



FT C 

hicinoma positive ] 

Cpitliolioma 



K 11 ( 

Mrcinoma negative 



Bilateral pulmonary 
tubereulosis 

J L ( 

!! ircmoina positive 

Labial carcmoma 

Labial carcinoma 


S H ( 

’arcmoma positiio 

^^ctastatlc carci 
noma 



\ B ( 

[’arcijioma positive 


Carcinoma of cecum 
and sigmoid 


1.1 B ( 

Carcinoma negative 


Lnng abscess 


L K ' 

Carcinoma negative 


1 i 

1 

1 

Pneumothorax case, 
chronic prostati 
tis, duodenal ulcer 

A H 

Sarcoma positive, 
Carcinoma negative 

Spindle cell sarcoma, 
Hodgkin’s disease! 

1 


H M 

Carcinoma negative | 

1 

i 


Syphilis 

J A 

1 

1 Carcinoma positive 

Squamous cell car ! 
emoma ! 

j 

Necrosis external 
ear , nnhealed rad 
ical mastoid 


S G 

Carcinoma negative 

Simple colloid goiter 
luth considerable 
fibrosis 

Adenoma of thyroid 


J 

Carcinoma positive 

Rodent ulcer 



ilts H 

Carcinoma positive 

Muomous carcmoma, 
cerviea) endo 
metrium 



lilrs C 

Carcinoma positive 

Adenocarcinoma of 
rectum, resected 



Mrs M 

Carcinoma positive 

Squamous cell car 
emoma of the 
forehead Diabetic 



Mr McC 

G 

; CarcmoToaa positive 

Teratoma (mixed 
carcinoma sar 
coma) muemons 
type 



Carcinoma positive 

Adenocarcinoma of 
the prostate 




Twenty cases of normal Individuals g^ve negative reactions 
tour cases ot diabetes ga\e negatUe reactions 
une case of polycythemia ga^e a negati\e reaction 


of matei ml may be obtained with g-ieatei ease From the embryonic liver the 
cells are obtained in the following mannei the vhole liver is cleaned of ttin 
capsuie uul vashod mth vater to lemoie as much blood as possible It is then 
p aced in an Eilenmei ei flask mth iiatei and shaken i igoioiish until all the cells 
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are sepaiated iiom the fibious tissue The cells and Matei aie then centiifuged 
at high speed foi fi^e minutes, the i\atei iioiued off and the cells washed repeat- 
edh until all tiaees of blood aie luuo^ed For the nitiadeimal autigeu the wet 
cells aie nibbed up i\ith tuentj lolunics of one-tenth noimal sodium hydrovide, 
allowed to stiand foi ta\ enta -tom horns, and then neutialized and piepaied as m 
tlie ease ot the enibivonic paneieas Foi the scium iintigen, the cells are placed 
111 five volumes ot acetone foi tuent3-toiu houis, then centiifuged, the acetone 
pouied off and the cells diied in a desiccatoi Thej aie then lubbed to an im- 
palpable povdei and mixed witli alcohol as desciibed in the ease of the em- 
bij'-ouie paneieas 

Antigen foi Smeoma — A mixtuie ot 'Whaitou’s jell3' and led bone marioa 
of calf embi\o is maceiated in a moilai, to which two ^olumes of salt solution 
■lie added This is placed in a poicclain dish .it a tempeiatuie oi 75 ° C until 
the watei sepaiates, which should then be poincd off, lea\ing the tells in a state 
ot dough3 consisteiu3 These aie then eoieicd with ethei, shaken U2), the ethei 
decanted and the cells aie placed at looni tempeiatuie for a lew minutes to al- 
low' the leiiiaining ethei to evapoiate It is then nibbed up and with one tenth 
noimal sodium lu'dioxidc, in the piopoition ot one giam of cells to 25 c e ol sodi- 
um In dioxide The sodium hvdi oxide is .iclded slowdy, one cubic ceiitimetei at a 
time, maceiatiiig the tells tigoiouslv until the3’’ aic tlioionghly nibbed up, so 
that on standing foi awliile the least amount ot the lemainiiig cells tall to tlie 
bottom ot the lube The tube containing the solution is placed in the ice box for 
twentj'-foui lioiiis aftei which the supernatant fluid is pipetted oft and neutial- 
ized wuth one-tenth noimal lodioeliloiic acid, added chop bi chop until it is 
bi ought to ueutuiht3 , at a Pn ot se\en 

Aftei being neutialized, the antigens aie then placed m small laceine bot- 
tles and kept in a cool, claik looni and aie iead3 foi use 

The Test Piopei — Two tenths ol a cubic ceutimetei of the antigen is in 
jected mtiadeimalh with a \ei’v fine needle Caie must be taken that the m- 
jection should not be ioieed, so that no false pseudopods will be foinied In posi 
tiA'e eases, a shglit aiea of inffannuatioii with pseudopod toiiiiatioii appeal’s with- 
in fittcen minutes In negative cases, no such leactiou takes place It is ad- 
A'lsable to use a eontiol ot plain ph3siologic s.ilt solution Avith each test The con- 
tiol must alwa3's be negatne, showing no inflainmation and no pseudopods 

Pi ecautions — In patients wdio aie emaciated and wdieie the skin assumes a 
paiiei-hke thinness so that a coiiect intiadermal test is imiiossible to be pei- 
foimed, it IS achisable to lesoit to the seiologic test desciibed bA the authoi in 
the Amencaii Joianal of the Medical Sciences, Apiil, 1929 Foi in these cases 
on account of the iiiegulaiity in the contom of the skin, one might iiustaKe the 
natuial appeal ance foi pseudopods, and, Auce veisa, the pseudopods might not be 
easily distinguished It is also advisable not to peifoim the nitiadeimal test on 
patients vnth septic tempeiatuies oi taundice, noi soon aitei x-iav, ladinm 
tieatment, oi anesthesia, as false leactious nught take place in such eases 

Siiiiwianj — ^iVn intiadeimal test foi the determination ot niabgnaney has 
been intioduced The antigen is made up ot puiely enibnonic tissue obtained 
fiom paneieas and submaKillai3' glands of enibiyonic calves, in the ease ot 
carcinoma, and ot Whai ton’s jelb and led bone inaiiow in the case ot saiconia 
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The theoi} li ach.nued (hat (he iliaiactei istic einbijonic piottm is earned not 
onlj in tlie blood stieaiu but also finds i espouse in the fixed cells, as expiessed by 
the alleigic leaetion The coiiect lesulls obtained in a gicat numbci ot positive 
and negatne cases liace been deinonstiated, so that we teel 3 ustified in publishing 
this prelinunaij lepoit It is ot inteiest tliat in 11b eases of intiadeiinal tests 
done on students undei the auspices of Pioiessoi Fanz, head of the Depaitment 
of Pathology ol Temple Unueisitj School ot iMedicine, the following lesiilts weie 
obtained 

One hundicd and se\en students gave no leactiou 

Eight students gave a slight leaetion to eaicinonia, and oi these, the follow- 
ing histoiy esas obtained 1 had a maternal histoiy of malignancy toi thiee 
geneiations, 1 had a maternal histoiv of malignancy foi two geneiations 6 had 
a fanuly histoiy ot malignancy foi one geneiation 

One student ga\e a slight icaction to saicoina and no leaetion to caicinoina 
He had a paternal histoiy of saicoma 

UCrERENl ES 

1 Gruskm, B A Scrum lest for tlie Di igiiosis of Camer, Based ou a New Theory of 

Etiology, Am J At So 177 470, 1929 

2 Prj, n J B Beaction de Botelho dins le seio di ignostic du Cancer, Bull Assn franc 

Etudo du Cancer 14 52, 1925 

3 Hektoen, Lud\ig, and Welker, William H The Precipitin Reaction of Fibrinogen, J 

Infect Dia 40 700, 1927 



LABORATORY METHODS 


TECHNICAL CONTRIBUTIONS TO THE STUDY OF 
GASTROINTESTINAL JIOTILITY® 


R D Tliipllton and IIvmddex Lux sox, Cuicvgo, Illinois 


V VURVNGEMLNT AND VDJUSfilLNT OP M VNOAII TERS 

'^HE appUcdtiou ot the taudeiu-balloou method, xxith the use ot laige uum 
beis of balloons so placed as to coiielate the aetixitj ot diffeieiit lexels of 
the gut 111 a sexial niaimei, has been limited bj dithculties xxhich are self- 
evident When xxatei mauometeis aic used as iccoiding appaiatus, the prob- 
lem is pieseuted of ariaugmg them so that theu xxiiting points die in x^ertical 
alignment To ox ei come this di&cultj a multiple mauometci clamp has been 
dexused xxhich alloxxs the eutiie set ot manometeis to be moxed as a unit xxithout 
distuibing the iclationship of the manometeis to each othei and xvhich alloxxs 
laigei numbeis ot manometers to be clamped in a small space than is possible 
xxutli othei methods (Fig I-*!! 

Inclix'idual mauometeis can be laised oi loxxeieil oi lemoxed fiom the 
clamp xxithout distuibing the otheis In oidei to lemox'e a manometei, it is 
iiecessaij to litt oft the cap and the xxiiting aim, attei xxhich the manometei 
can be diaxvn doxxnixx’aid by lelcasmg the scioxx xvhich clamps it It is adxis- 
able 111 setting up manometeis in the clamp to jilace those xxhich xxdl xviite on 
a ioxvei lex el on the side ot the clamp next to the lecoiding surtace In tins 
xxNiy theie is less conflict betxxeeii xviiting aims as they pass to the diuin The 
clamp is coux^enieiitly set xxith its long avis at an angle of 20° to 30° to the 
lecoiding siuface 

A clamp stand xvas coustiucted toi holding the manometei clamp, bx 
bolting a lod into a slotted bai so that the lod could be moxed in the slot, and 
brought into anj desiied position The slotted bai xvas in tuin bolted into an 
oidinaix xxood clamp, so as to lotate about its point ot fiNation to the lattei 
(Fig 1-R) The xvood clamp is tastened to the table oi kymogiaph stand, and 
the entile batteiy ot manometeis can be sxxung mto oi out ot position 

With this aiiangemeiit of mauometeis the usual methods of holding the 
xviitiug aims against the diiun aie impiacticible A simple guard xxas foimed 
by gluing in a veitical position fiom the manometer cap a flexible stop of 
celluloid xx'hieh could be bi ought to beai suitable piessuie agamst the xxntmg 
aim A moie peimanent and efflcient aiiangement is noxv in use (Pig 2) 

A diaxvn glass tube is fastened into a coiled spiing of just sufficient stiength 

'From Uie Physiolosical Laboratones of the UnherMtj of Clocago and tlie Department 
of Phisiology of Lojola Unicersitj School of Medicine 
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to support the glass tube Yciticallj The spiuig is soldeied to the side of the 
nianometei cap The guard is brought mto positron against the iMiting arm 
by rotating the cap To pi event rocking ot the cap, isith disturbance of the 
guard, the sides ot the cap are made much longer than is customary The 

MijH rle anarrtc f ef Clamp 



caps no. rn use are 4 cm taU To prevent rotation of the cap, nrth change 
o tension against the cvritrng arm, a thin sheet of phosphor-brorme evas heS 
at angles as shore n in the eio^ section, and inserted vithin the cap before forcin- 
the liter on the manometer head Caps v ere made to fit the lai gest manometer 
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looselj", to alloM iox mseitioii of this stiip This obviates the necessity of having 
caps made in the shop to fit each inanometei 

Union hehvcen the glass iviiting aim and the float-extension nas made bj 
means of a sheet of celluloid, cut and peitoiated as slionn in Fig 2 Adjust- 
ment ot the iviitiug points to a veitieal line is easily accomplished nith the 
inanometei s set up in the multiple clamp, bj’’ sliding the iviiting aim thiough 
the celluloid union Veitical spacing is done in a similar manner 



B A JIETHOD FOB SEMULTAHEOUSLA RECORDING CH VNGES IN 
DIAVIETEB .END LENGTH 

The method is applicable to the nnanesthetized animal, as '^^ell as to the 
animal -with visceia exposed undei anesthesia Both changes m length and 
changes in diametei aie reeoided within the lumen of the gut 

The appaiatus consists essentially ot a plungei which moACS tieely wuthin 
a piotecting tube, one end of the plungei being held against the closed end of 
an mtestinal pouch, ■while the othei end, piojeeting outside the pouch, transmits 
movements of the plungei to an an -filled balloon lying in a cvhnder, and leading 
to a lecoidmg w'atei manometer Balloons aie tied at mteivals on the outside 
of the tube which caiiies the plunger, and aie led to watei niauoineteis (Fig 3) 
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The pliuif^ei itselt is constiiitted ol stuiulcss steel about 2 mm in iliametei 
ot eioss seetiou, and is imide siitlieienth loufjei tlian its piotcetnig tube to 
leeoid tlie expeeted aetnih The diainetei ot the appaiatus is kept as small 
as possible, b.v usni<' small tubes, and b\ tlattcmii" the balloon leads against 
the pUuigei tube The balloon le.ids lun nndei eoilais ^^lncll ailoid a smooth 
suitaee toi tiing balloons Soldei is inn in imdei the collai’s to make an aii- 
tight seal between balloon tonipa it meats 

The end ot the plungei ■nhieh impinges against tlie is ail ot the gut is capped 
with a small metal ball A eoil spiing is tompicssed between this ball and the 
end ot the plungei tube The spiiiig is ot suftieient stieiigth to hold the plungei 
tullj- extendeel when outside the gut and is not tastened at oithei end 'Wiieu 
the balloon is distenuled within its tjliiidei, the spiiiig imn be giasped hetwien 
two fingeis and eompleteh eompicsscd against the end ot the plungei tube 
witiiout inoMiig tlie plungei 

A numbci ot teelniieal elitheulties aic eneonnteied in using this appaiatus 
AYhen the plungei becomes iiiactne dining a tiacing, attei piogiessiee lowci- 
iiig ot the wilting lee el the explanation ina\ be tonnd in a leak in tlie balloon 
hiiig within the ejhndei winch has caused the balloon to collapse awa\ liom 
the piston On the othci hand time maj ha\e been a lelaxation of the gut 
so that the ioice applied against the end ot the plungei is no longei sufheieiit 
to moee it The tiaeiiig does not elilieieutiate between the two situations 
Ilow'oeei, be cutting awae tompletedj, oi slotting the plniigei tube as it enteis 
theejlindei, the plungei is lendeied eisible, as shown in the slcetedi and the posi- 
tion ot a seiateh on tlie iilungoi is a ealuable guide It the pouch lias lelaxed the 
plungei eeill be tounel eompleteh c'xtended, it the balloon has leaked the 
plungei mae be in its oiigiiial position To allow toi model ate* lelaxation of 
the pouch, the appaiatus is nisei ted so that the pluiigei is about halt extended 
at the stait 

The coil spiiug whieli is slipped o\t‘i the I'xtended poition of the plungei 
selves two pin poses one ot nhnh is thcoietieal Tlie spiiiig selves to keep 
the plinigei extended, allowing the balloon witliiu the ejlindei to be distended 
nuclei lowei piessuie It was also thought that it might pioteet the plungei 
tiom moeement iindei the iiillnencc ot siieli activity as peiistalsis winch could 
concenahly be ot such inteiisiti tJiat the moinig iing ot eoustiiction would 
giasp the unpiotected plungei and sweep it clow nw aid It was thought that 
the coils ot the spimg would be mo\ed instead, it this oeeuiied and plungei 
movement dinunished 


Foi use in the e'xposed intestine a pciioiatcel bill oi a small metal img 
IS attached to the extended end ol the' plungei by means ot whieli the phiugei 
is anchoied iii place with a stitch caiiicd tliioiigh the intestinal wall This 
obviates the necesslt^ ot piepaimg an intestinal pouch ioi acute woik 


In nisei ting the .ippaiatns the cap and the balloon aie lemoved tioiu 
the cylnidei AYhen the plungei is in position against the end ot the pouch, 
the balloon is nisei ted within the cilmdci the cap slipped on, and all balloons 


inflated In Pig 3 six tandem balloons aie shown The sketch has been 
simplified b> omitting the side tubes leading to all but two ol these AA^'ith this 
numbei ot balloons almost anj length ot pouch can be studied without iccon- 
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f Afimt ot oiu noudit'S lie oL such length that onlj 

«.,u. ...o .......sc 



,„„mal aui...s .1.C ■' I ,^,^p by pl..t...8 t..o s.uvcl lo.nls, 

of a da,.„. ...a.l. l.o... a a. 8= ot H.c da.ap The 

y,th .he., aaes ol ‘“'f I,,’’!; the .,a.s ot the plunge. 
appa.at..s th..n .otateb 1.^ h 1 j „ ^p^bed 

Lr" "" .n an o.d...a., .lauap s.and ..h.d. .» bolted to the 

+ ol'\1p 

r V SIMPUFICD ENTLROGK veil 

1 CL . f.iimhri o£ dcc iccs clcsigiied foi the same pui- 

The appaiatu'b i eis ^ ^ ^ j ^ inateiials requued aie a fiog 

pose lu Its ai d 

the'koflereraLl fastened m place” b> the set sueiv, after being bent at light 



an-^les Another, shortci piece, is soldcied to the fulcrum of the lever The 
ends of the iiire aie bent to form eyes foi fastening to the intestinal strip 
or ring The tracing may be taken directly fiom the end of the long arm 
ot the movable lever, or transmitted to a second leiei for recording 

A modification ot this appaiatus vhieh has the advantage of wide adoust- 
abilitj without change of levei^ge is shoun in Pig 4 The distance between 
the movable end A and the fulcrum 0 may be kept constant vhile adjustments 
are made by slutting the position of the passu e aim B on the cioss piece The 
sleeve S vhich caiiies this arm is open aboce so that it slides freely over the 
entile Icn-th ot the cioss piece The lattei is soldered to the fulcrum of the 
fro- Icccr at such a point that the cioss piece and the movable ai-m of the 
levm do not lie in a veitical plane If this is not done the level and the cross 
piece mil he bi ought into contact mth high activity The arms A and B are 
made sufficiently long to cam the gut, in position betveen them, belov the 
suitace ot the bath In MOiking on large numbers of segments, oi on the 
exposed gut m situ, it is usuallj moic coiuenient to tiansmit the movements of 
the li\ci to a second le\ei be means of a stung toi taking the record 

n»c Avritcrs uiali to e\prcbd tlieir gratitude to Mr Guti Lut/, of the Mechanic il Depart 
nunt \shosc pricticd sug;,<.stions \scrc imaluibli 


FRAGILITY OF ELD CORPl SCLES A\l') ITS DFTLlDIlNLVnON IN 

CLINICAL Y OKlv«» 


W W Ln'L-MUKrs, Tucson, Vm/ 


IMKODlCriON 

"D ED eoipubtlos nuveci N\ith watci oi lupotomc solutions dibintt*i;iatc ami 
show hcmohsis Expciunouts made duun^ the last leais pioied that the 
old opinion which attiibutcd the cause ol this pioccss to some changes ot the 
membiaue ot coipuscles is untenable The jiellicle is peimeablc to Jieiiioglobin 
and can disappeai wnthout causing a heinohsis Ilcinoglobin m piobabh com- 
bined ‘With some substances in the coipuscles chcmuallc, and this compound is 
decomposed bj all agents pioduenig hemohsis The uise with which the dism- 
tegiation ot the piotoplasm ot icd cells lakes place mas be c illcd then tiagilitj 
Hambuigei, m liis iccent essa\ concoinuig the methods toi the detcinnna- 
tion oi the lesistaiiec ot led coipuseles to livpotoind came to the eoiielnsion that 
the clinical application of these methods was not sueccsslul Such a conclusion 
IS not siiipusing because the methods used weie citliei too eomjilcN oi gave in- 
exact and incompaiablc losults In most cases a thicshoid ot liemolvsis that is a 
loncentiation in which no hemohsis is obseived, but a slight dcmcase oi which 
leads to hemolvsis, was deteiniincd Hambuigei pointed out iightlv that the 
lesnits of this method depended upon the volimie ol the solutions and the sue 
of contameis used iloieovci, tiaces ot hemoglobin in the solution weie dis- 
eoveicd with a diiieieiit aceiiiacy bv cliffcient obseiveis To tlicsc two obice- 
tious we niav add two more 

The deteiminatioii ot tlie tluesliold oi hemohsis gave ouh an aecoimt ot the 
state ol the coipuscles with the gicatest fragilitj A change ot conditions liovv^ 
evei could influence the coipuscles with a median fiagilify nioie than othei coi 
puscles Sometimes the thieshold ot hemohsis is loimd alike m diffeient men, 
vvlieieas the tiagility ot then led blood cells with median piopexties difteis bv 
more than 100 pei cent (see below) Moicovei iii all methods used np to the 
piesent onlj' the volume oi tlie coipuscles and not then lieiiioglobm content was 
eonsideied As the watei content ot the coipuscles mav vaiv , the hemohsis niav 
be touiid alike wlieieas the ii-agility maj be di&eieiit 

Among the methods used ioi the detei nunatiou oi the icsistaiice ot eoi- 
puseles to livpotonr Aiihemiis method is the onli one winch does not depend 
upon the volume ot solutions and contameis and peuiuts to obseive the chiiiges 
in coipuscles ot difteient fragiht> The autlioi had the oppoitniiitv to woik in 
Aiihenius' laboiatoiy and to use Ins method in most expei mieiits The apphea 
tion ot tins method to elinical vvoik lequues, hovvevei, some iinpiovenieiits 

•From the Laboi-itones ot the Desert Sanatorium and Institute of Research, Tucson 
for publication JanuiiY 1 19o2 
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Fust, one luib to iixoul lalviiiic loo inuoli blood iionv «i. pdtiout Second, a pio- 
louged centufugah/atiou beioie testing should be avoided, because even (outii- 
fugali/atiou dccieascs the lesistaiui of coipu&cles to hypotonic solutions ■ lined, 
It IS e\ell known th it salt sointioiis change the tiagihty ol coipiisclcs, Uicietoic, 
one has to a\oid a too piolongcd action of an> salt on coi jiuscles betoie they aie 
put lu a hvpotonic solution Foiuth, not the volume oi coipuscles but then 
hemoglobin content should be consideied in estimating the numbei ot hemolyzed 
corpuscles All these lequuemcnts aie lidhlled m the tollowing method used 
by the authoi m Ins cxpeiiments on tlie nitluence of sunlight on men 


METHOD 

Ihjpoiomc Solutwuh — To avoid coagulation oi blood hj potomc solutions 
ot sodium sulphate aie used Foiu solutions aie piepaied foi a whole senes ol 
ccpeiiments at once m the amount of 500 c c bv diluting a standaid solution with 
custilled watei The standaid solution contains 16 77 gm ot anhydious sodium 
sulphate in 1000 t c To both, watei and the standaid solution, a sufficient 
.imount of the solutions oi monobasic (1 5 pei cent) and dibasic sodium phosphate 
(3 3 pel cent) is added to adjust Pn to 7 3 The solutions aie prepared by mix- 
ing the following volumes of the standaid solution with watei 


First sol (0 70 per cent) 
Second sol (0 64 per cent) 
Third sol (00 per cent) 
Fourth sol (0 54 per cent) 


STASDAlU) SOLUTION 

209 5 e c 
191 5 c c 
179 5 c c 
104 5 c c 


DISTILLED WATtK 

290 5 ce 
398 5 c e 
320 5 c c 
335 5 c c 


The solutions aie kept in glass stoppeied bottles in a lefiigeiatoi, and once 
in two weeks the Pn of the solutions is tested and adjusted if necessaiy to 7 3 
With a pipette, 5 c c of each solution aie poured into foui centrifuge tubes, 
closed with corks Into the fifth tube (also closed woth a coik) 5 cc of distilled 
watei are poured All solutions should have the tempeiatuie of the loom betoie 
adding blood 

Blood IS taken either fiom a fingei oi tiom the cubital vein In the fiist ease 
one Sahli pipette full of blood (0 02 c c ), in the second ease one diop of blood, 
IS introduced into each of the 5 centrifuge tubes, and the lattei aie shaken once 
and left standing for half an houi (to settle the osmotic eciuilibiium), and then 
shaken once moie and eentiifuged for two minutes to sediment the coipuseles 

The estimation of the degiee of hemolysis produced be each solution mav be 
made by means of a eolonmetei compaiing the color of the supernatant liquids 
from tubes 1 to 4 with the coloi of the liquid m the filth tube This method is 
how-evei not exact m oui ease because ot the small amount of liquids and ot too 
gieat a difference between the colois ot the liquids Moie accuiate is the follow- 
ing method used by the authoi which does not lequue anv expeusice eolonmetei 
Ihis method lests on the same pimciple as the Sahh method foi the estima 
non ol hemoglobin The eoloi ot the supeinatant liquids m the second to foiutli 
tubes is compaicd wuth the coloi ol the piopeilj diluted completely hemolv/ed 
solution m the htth lube Attu the dilution this solution should ha\e a taintei 

tint than the solutions to be estimated This is athiei ed hi diluting it m the foi 
lowing \\ ® ^ 
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Foi loiutli .iiul tliiicl solutions 4 tc ot solution 1 jiliis IG e e Jistilled 
wdtei Tins diluted solution is diluted luithei 

Foi thud and setoiid solutions 5 c c of it plus 5 e c ssatei 
Foi second solution'^ dec oi it plus J5 c c natti 

Aftei the dilution is made, e\acth 2 c t oi tlie siipeinataiit liquids iioni 
one oi the solutions to be estimated (second to I’oiuth) aie jioiued into a speci- 
men \ial (5 cm high, 2 3 cm wide) giaduated in cubic centimeteis Mith dui- 
sions oi 0 2 cm Into a similai i ml nliich needs no giadiiatioii, the eoiiespoiidnig 
diluted solution is pouied The hcigJit ot the liquids in the Mals should be the 
same so that the amount oi the liquid in the not giaduated \ial should be ad- 
justed to the amount in tlie gi.iduated one Both Mats aie standing on a ■\\hite 
poicelain plate (G inches sqiiaic) at the posteiioi edge ot mIucIi a miiioi (the 
same si/e) is lastcned mIiicIi icllects light iioin the mndow onto the cials (the 
obsentn is sitting with his back to the uniidow) Then hi means ot a pipette 
with a iiibbei hall cvatei is added by diojis to the solution to be tested until the 
coloi ot the liquids m both \ lals becomes eipial Not oiilv the coloi ot the column 
oi the liquids but also that ot then menisci is consideied Tlie height ot the 
meniscus m the giaduated iial attci the coloi ot the liquids has been consideied 
equal, e\piessed in cubic centimeteis (.lecoiding to the gi.iduation) and mul- 
tiplied b^ 10 lepiesents the peicentage ol hemoljsis in case the toiuth solution is 
tested ^lultiphed bi, 10 oi > (accoiding to the dilution used) it icpieseuts the 
peicontagc of hemohsis in the thud solution, and multijilicd be 5 oi tno and a 
half the peicentage in the second solution 

The hemol^Sls in the hist solution is \cn slight, and it should be estimated 
in the loHowmg iiianiui 

Into one specimen \ial, 4 ee ot this solution, mto the othei \ial 4 ee of 
watei .ue pouiecl, ami tlien means ot a pipette, lee dnuled mto 0 01 cc, 
the coiiipletelj hemoly/ed solution liom the hlth tube (1 c c lett tioin the dilu- 
tion) IS iiddcd to watei, until the eoloi ol the liquids and then menisci in botli 

\ials hecomes equal The coi i espoiuling peicentage ol heinoh sis is the iollocvmg 

The amount of bolutiou fioiii 

the fifth tube adileil m e c 0 01 0 OJ 0 04 0 OS 0 12 0 lu 0 20 0 24 

Heniohsis % 020jl 2 29SS4S)' 

KLSl I rs 

Aiciage Fuiqiliig — Supposing that the hemoBsis, m peicentage, is toimd 
in the fiist solution 1 2, that in the second solution 11, that in the thud 2b and 
that 111 the fouith solution 62, the aceiage liagilitj ot led cells is 23 It e\pi esses 
the fiagihty not only loi a eeitam kind ol colls, that is, toi the most lesistaiit 
Ol toi the most ti agile ones but the aceiage of all cells 

In Table I the hemohsis in the abocc solutions and tlie a\enge tiagihtc is 
given tor a noimal man, m Table II loi ditteient ineu at 11 vu m Decembei 
1931 (Tucson Aii/oua) 

Fiom Tables I and II it may be concluded that the estimation of hemolisis 
pioduced bj one lijpotome coneentiation, ioi instance the deteimmation ot a 
thieshold ot hemohsis, does not gi\e us an idea about the aceiagc tiagihtc ot 

•The second "vnd thud solutions maj be therefore compared twice first with i le»s t'”’ 
biconfi with i moic diluted solution 5 
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XUMItHl 01 IUM0L\/tD CtUS IN PUMINlAOf >Olt V NOItMAI MaN 


DVat, IIMV 

N V.SOi 0 70% 

0 04% 

U 00% 

0 14% 

v\ V HAO> 

HE 

i p M Dec 15, 1910 

25 

10 

40 

81 

30 0 

3pm Plc 17, 1930 

25 

23 

00 

85 

42 0 

11 30 A M Dec PI, 1930 

2 7 

2S 

51 

87 

42 1 

11 30 \M Jm 7, 1911 

•i 

27 

58 

90 

4-i 7 

11 A.M Ptb 19, 1931 

1 7 

12 

32 

73 

29 7 

10 A.M March 11, 1931 

2 > 

11 

do 

88 

d4 3 


Tvble 11 


NuiUitR OF HIMOIAAU) CbLLb IN PEKCENTVOt FOR DUFEBENT XORSt^U, MEN 


AGE N V^SOi 

0 70% 

0 04% 

0 60% 

0 54% 

AVEBAOB FBIGILITY 

25 

3 

28 

64 

91 

47 1 

21 

2 

21 

64 

92 

44 7 

25 

2 5 

20 

52 

86 

41 6 

25 

18 

22 

5-i 

92 

42 4 

28 

25 

23 

18 

93 

441 

28 

25 

23 

60 

86 

42 9 

30 

3 

28 

64 

94 

47 2 

31 

2 

30 

60 

83 

43 7 

35 

18 

20 

59 

96 

44 2 

35 

18 

23 

49 

82 

38 9 

42 

2 

21 

48 

82 

38 2 

43 

2 

26 

49 

74 

37 7 

10 

18 

20 

40 

76 

34 4 

55 

2 2 

22 

50 

G5 

34 8 

60 

3 

27 

54 

62 

34 

Average for the 

age 25 to 40 

23 

24 4 

57 4 

89 9 

43 7 

Average for the 

age 40 to 60 

2 2 

23 5 

48 2 

71 8 

35 8 

The average fragilitj 

of red 

cells foi all ages is about 
minimum is 34 

■iO, its ma\imum is 47 5 and its 


Table III 


NUilBEB OF HeIIOLYZED CELLS IN PERCENTAGE 


EXPEEIM 

KO 

FRAGILITY 

DETERMINED 

NA.SO, 0 70% 

0 64% 

0 60% 

0 54% 

AVERAGE 

FRAGILITY 

1 

Before the ex 
posure to sun 
light 

2 7 

28 

51 

87 

42 1 


After the e\ 
posure for 
half an hour 

09 

11 

36 

75 

30 7 

o 

Before rise of 
temperature 

25 


36 

73 

316 


Vftcr tile inaM 
muni temper 
iturt ivis 
ri^ichcd 

1 

> 

1 

1 

17 

1 

1 

40 

11 7 
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led eellb The heinoljsis ni one eonieutiatiou can be alike, while the aveiagc 
flag^ht^ ma^ dillei (iiutc distmctlj Piom Table 11 it is e\eu seen that the de- 
gue of hemoljsis m small concentiations, and theietoie the thieshold ot hemol- 
\sis, IS often gicatei in some men than in otiieis while this degiee m stiongei 
(oiuentiatious, and also the a\eiage iiagihtj aic gieatci in the foimer than m 
the hittei It IS evident theiefoic that oiilv the whole cuive of hemoljsis can 
give us a collect idea about the changes ot the fiagihty of led cells To obtain 
the euives we maj plot on the abstis avis the coiicenti ation ot Na^SOi and ou 
the oidmatc avis the hemoljsis m pcicentagc The vaiiition of liagihtj in a 
single man is evpiesscil in the evuves oL Pig 1 



Fiff 1 — ^The cui'M.s ot Ingillt) ot icQ corpus les In a noinnl man J, 3 i ai Dec 15 1530 
3 3 rii Dec 17 I'JIO a, 11 io \m Dec 1> 1950 i 11 10 \ M Jnn 7 19 U 5, 11 
Tib 19 1911 (I 10 AM W-ircU 11 1931 

The above dilteieiices in tiagihtj axe cvidontlj pioduceil bi some changes 
in piotoplasm but also in the ineduim smioivndnig the icd cells How maiKedh 
the outei conditions maj uitlueuce the liagilitv is seen tiom Table III where the 
lesults of the evpeiinients axe gneu in which men weie submitted to a ceneial 
insolation oi to an incieisc of tlie tcmpeiatiue of bodv bi ought about by an 
electiic cuiTent 

In case a cuice ot hemoljsis is wanted fovu concentiations lepiesent a 
mmiiuum ±oi the cliawnng ot a eiuve Foi clinical woik, howevei, oidv the 
fiagihty, that is an aveiage ot degiees of hemolj sis is necessaiy In this case the 
concentiatiou 0 70 pei nut influenees onlj little the lesult and eau theieloie be 
omitted 

COMMENT 

The method of the determination of the tragUitj ot red blood cells presuitcd m this 
paper la the onlj method v\hich yields a correct cstmiatiou of the resistance ot red blood cells 
to hjpotonj using too to fne drops of blood In spite ot its siuipliciU tins method m more 
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tsnct tluu forme 1 metliods and its results do not depend upon tlie volume of the solutions noi 
the S 170 of the containers used as is the c isc in tho method of the detcrmiii ition of the threshold 
of hemolvsis Like Arrhenius' method, tho method presented in this paper gives a complete 
curve of the degree of liemoljsia depending upon various concentrations of a salt, or the av 
erago frsgilitj of red corpuscles Some results presented show that onlv the whole curve of 
fragilitj or tho average tragility give us a correct idea about the changes of the fragiiitj of 
red blood cells, because tho dctcrmiuatiou of hemoljsis produced by one concentration of a 
salt solution onl), and therefore tint of tho threshold of hemoljsis, give us just the fragility 
of one kind of corpuselcs Tor instance in the caso of tho determination of the threshold only, 
tho fragilitj of tho least resistant corpuscles is tested, while the corpuscles with the greatest 
resistance or ot medial properties react often quite differcntlv It is theretorc not surprising 
that sometimes tho threshold of hemolysis is tho same in two specimens of blood while tho 
average fragilitv of their red cells differ fiom each other by 100 per cent Sometimes the 
ihreshold of hemoljsis may be found at a greater concontiation, while the average fragibtv 
decreases 

The method presented in this paper has the following advantages m comparison with 
Arrhenius’ method (1) It requires much less blood (10 to 50 times less) (2) The cor 
puscles are not centrifuged before they are ev.posed to tho action of bjpotomc solutions, 
every centrifugalization decreases tho resistance of red cells to hypotony as it was sliovvn by 
the author’s foimer experiments (1 e ) (3) It does not require a vvashuig and keeping of 

red cells m salt solutions which change their resistance (4) In this method not the volume 
of red cells is considered m estimating the percentage of hemolysis, but their hemoglobin con 
tint, since tho color of solutions with a partial hemoljsis is compared with the color of a com 
pletely hemolyzed solution of the same volume of the same blood This makes the method in 
dependent of anj changes m tho hemoglobin content of red cell which mav change for m 
stance bj the change of their water content (5) The red cells are not separated from blood, 
everj separation from blood requires either a shaking with beads which decreases the resistance 
of red cells (1 c ) or a citratioii which submit the cells to abnormal conditions and change 
their resistance to hvpotony (6) As the led cells are not separated from blood, not only tho 
changes of fragibtv produced by some changes m their protoplasm but those produced by some 
changes in the media surrounding them, are considered m the metliod presinted 

In two experiments taken from tin author’s not yet published paper it was shown that 
outer conditions (sun light, high temperature) change the fiagility of red cells very distinctly 
Red cells are generally considered as real cells the protoplasm of which has the same physieo 
ihemieal properties as that of colorless cells It is therefore very probable that the fragility 
of colorless cells of our organism is changed similaily 

In tho fragility test commonly used in clinical work, only the threshold of hemolysis is 
determined Since there can be no doubt that the threshold value is not representative of the 
total or average fragility of red ceUs, it might bo expected that the clinical use of the method 
presented here, will possibly change some of the cuirent concepts on pathologic alteiations of 
irythiocytes and it may show that alterations occur under ceitain physiologic oi pathologic 
conditions in which they have not been known to occur 
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AX ].AIPROVJiD 3IETU0D FOR TUfi DETERillXATION OP BLOOD 
LTIEA NITROGEN BY DIRECT NESSLERIZATION® 


WvLiLR F Tv\i OK, A M :\I D VNU YTi i hm AI Bi aik. AI D , Tex vs 


i\inouuciio\ 

^ I ■'HE .ilinost unnus.il ieco>'iiitiou ot the tact bv diiucians that tlie dimuiution 
ol blood uu'ii ilcaianco !j:nes evidence ot dimuushiug kidnev tunetiou eailie. 
than eitliei the phenolsiilphonplithulein cxcietion test' oi tlic Alosenthal specifac 
yiav itv hxation test,- leaves the modem hospital laboiatoiv swanipul with a 
f^iadiiallv incicasiny: numbei ot icquests loi mine iiiea and blood uie.i lutiooieii 
deteiminations Ot the blood toiistitnents deteimnied todav, none lias gieatei 
inijioitance th.in niea nitiogen as one ot the lactois neLCss.iiv m deteiminimr 
blood iiiea cleaianee as <i tlinital lueasuie ot kidnev djstiinction Ot the hosts 
ot methods pioposcd in lecent veais, the tact lemains that the deteiimnatiou ot 
blood niea nitiogen is still one ot the most tlOllble^ome pioeediues emoiinteiccl 
in the hospital laboiatoiv A conti ibiitiiig tactoi to the lack ot unitoziiiitv m 
blood (liemical methods is the tailuie ot vvoikeis to leali/o that ceitain methods 
aie bettei adaptable than otheis to luultiiile deteiminations as inav be lecinued 
in clmical laboiatoiies in ofhee and hospital while othei moie complicated 
methods giving a highei degice of acciuacv mav be bettei ad.iiitable to scicutifie 
leseaich In so lai as the clinical application ol the data obtained is coiiceined 
‘ undetci rained nitiogen ’ and .nnino acid nitrogen, most lemaikable toi its con- 
stancy in all oi the pathologic conditions thus fai investigated would haidlv 
■justifv distilling otf the ammonia liom iiieasc-tieated tungstic acid blood hltiates 
beloic nesslcii/ation in blood uiea nitiogen deteiminations 

Piom the viewpoint ot speed in emeigeiicj cases, ease and piaetieabilitr ot 
manipulation, diicct nessleii/.itioii would be the method ot choice ioi deteiinin- 
ing uiea nitiogen in blood filtiates it the toimatiou ot tnibicl solutions could be 
pievented Seveial such methods have been pioposed, among them the method 
ot Kaii,“ and its modihcatioiis bv>^ Roc and Iiisli,^ Looney ° and otheis, the 
oiiginal method ot Ivan and its vaiious modifications making use ot the tungstic 
aeid blood filtiate of Polm and Wu” in almost all eases As has been pointed 
out betoie b 3 Roe and lush, Loonev, and otheis, the difficnltv- eneounteied m 
Kail ’s method is the ioiiiiatioa ot tin bid solutions attei the addition ot Nesslei s 
icagcut, making accuiatc coloiimetiic compaiison witli the nitiogen staiidaicl 
impossible 111 most cases To ov ei come this clilhcultv iiianv claiitv lug pioceduies 
have been pioposed 

Pioceecliug on the assumiition that the tnibiditv obtained on the diieet nes- 
sleiization oi uiease-tieated tungstic acid blood filtiates was due to the "piecipi- 
tation ot meieun in Nesslei s leagent bj- tiaces ot pioteins and othei oiganie 
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inattei, in Iioth the iiie.ise solution aiul the suhstiate,” Hoc and lush attempt to 
boUo the tuibidit's piolilein hj tahunn phosphate adsoiptioii oi tlie tuihidity 
pioducnig substances An e\tva &t(‘p is intioduced in ceiitiiiugatiou and decanta- 
tion ot the mateiial beloie nesslei i/atioii in oui liands, and in the hands ot 
othei ^\Ollvels (Loones, ct al ), tins method is only paitiv successful in pie- 
^elltlng tuibiditj 

Appioathing the tuibiditv pioblem in Kaii s method fiom aiiothei angle, 
Loonej san new possibilities in Folin s’ use ot gum ghatti as a jiiotcctive colloid 
to pieient piccipit-ition of Piussiaii blue in his (Pohn s) luicio sugai method, 
and emplojs this gum as a stabili/ing colloid to pie\eiit piecipitaton ot the com- 
ples. ammonium nicicuiic iodide compound in Nesslei ’s leagent bj’’ the tmbidity 
pioducng substances piesent in uieasc tieated tungstic acid blood filtiates In 
Loouec 's method the use ot an addition.d substance (gum ghatti) as a piotective 
colloid in blood filtiates adds to complications because the standaid nitiogen solu- 
tion must contain the same concentiation ot this substance as the blood hltiate, 
otheiwise the dcciease in mtens^t^ ot coloi on nesslei i/ation is cpiite apparent 
about 10 pel cent as pointed out bj Loouej Puithei-moie, the same concentia- 
lion of the alcoholic solution ot uxease must be added to the nitiogen standaid 
as to the blood tiltiatc to guaiantee an e<iual dec lease in intensity of color due to 
this substance on nesslei uation Instead ot the aeration method as used in 
routine work giving figures that aie too low, as pointed out by Looney, we be- 
lieve the contiaiy is tiue that Loonev ’s modification gives figuies that aie too 
high due to a greatci deciease in eoloi intensity on nesslei ization of the nitiogen 
standard than on nesslei ization ot the blood filtrate, caused bj the same concen- 
tration of gum ghatti and alcoholic mease solution One could haidly guarantee 
an eciudl decrease in color intensity on nesslenzatiou by adding the same sub- 
stances, even in equal amounts, to two so widely diffei mg solutions as a simple 
nitrogen standard and tungstic acid blood filtiates ot varying complexity 

The tailuie of direct nesslerization methods in uiease-tieated tungstic aeid 
blood filtrates point to the conclusion that betore ammonia piodueed from urea 
by mease can be nesslerized it must first be separated from mterfeiing mease 
))ioteins We believe that we have been successtul m accomplishing this separa- 
tion by the use of whole oxalated blood and a specially purified and highly con- 
centiatcd urease leagent, which is completely removed with the total proteins 
ot the blood, according to the Polm-Wu technic of precipitation with tungstie 
acid (toimed by the mteiaction ot sodium tungstate and sulphmic aeid) "and 
filtration 

We weie cspeciallj encomaged to undeitake such studies by the leseaiches 
of Sumnei,®-“ whose woik suggested the apphcation ot a specially puiified and 
highlv concentiated mease leagent as a possible solution ot the tuibidity 
pioblem ^ 


PRIPAKVIION OF THE fePECI VC URE.VSE UEAGENT 

Shake To gm ‘ Ailco (detatted) jack bean meal with 400 cc of a 3> 
per cent acetone solution at 2vS° C toi fire minutes Filtei thiou-h a timed 
filtei papei in the lelugeiatoi F>ltiation is rapid and the hltiate should come 
luough deal Add n c C ot N/10 acetic aeid to the acetone filtrate and allow 
to icmam on ice ov ti night Ceutrituge and pom off mother liquoi Wash pi I 
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eipitated mease twice b> stimug up with ice cold J2 pci cent acetone-phosphate 
solution, made b\ ddiUmg c p acetone to 32 pci cent with a phosphate miv 
tiue containing 14J cc oL 0 1 M NaOII and 500 cc of 0 2 KllsPOi, and 
centiitugmg (In place ot the aeotone-phosphate solution, one inai wash sedi- 
ment with ice cold 32 pei cent acetone containing 5 pel cent N/10 acetic acid, 
with a leasonably good >ield) As pointed out h} Sumnci, the iso electric ponit 
ol uiease is somew'heie in the neighboihod of Pu b 1, and the piecipitated mease 
IS least soluble m the acetone-phosphate solution mentioned abo\e Pour off the 
acetone phosphate mixtme and diain tubes against filtci papei until fiee fiom 
the odoi ol acetone Tubes ma> be placed in the incubatoi at 37 "i® C loi a lew 
imnutes to lice lioin acetone, li caie is cxcieised not to let the piecipitated 
mease diy, wdiich lapidh inactnatcs it I nlilce the ciude mease iirepaiations, 
It cannot be diicd on papci without comjilete inactnation Suspend the washed 
pieeipitate ot mease in 5 cc ot anuuonia-fiee distilled watci Add 01 cc ot 
toluene cont,iiiniur 5 pci cent tin mol as a pieseiiatne and keep tightlv stoppeied 
on ICC in a smdl bottle The picpaiation will keep on ice tor at least a mouth, 
and in oui hands such picpaiations h<nc dec eloped onh a negligible amount ot 
ammoiua The washed sediment will contain the mease in a highly eoucentiated 
ioim (globulin'?), and '.hould not gne a test ioi ammonia uitiogen oi fiee 
caibohi diate 

One diop oi the concentiated uiease piepaiation is used loi each 5 cc ol 
wdiole oxalated blood to be aiialj/ed, and lepiesents a mea IncUoljzmg powei 
oi 17S times the 30 pei cent alcoholic 2 5 pei cent jack bean evtiact used m the 
method of Folin and S\edbcig,‘- w'heu made tiom the same jack bean meal and 
dropped tiom pipettes delneiing 22 chops pei cubic ceiitmietei One drop of 
the piepaiation pioduced 75 3 mg of mea nitiogeii fioni 25 e c ot a 3 pei cent 
mea solution, buffcied with 5 4 pei cent ot K.IIPOi and 4 25 pei cent ot K^2P0^ 
in littecn minutes at 50° C 

nhlLRJUMTlOX Ol ItCOOD UKU V MaUOGLX 

Tiansfei one solume (5 to 10 cc) ot oxalated blood to a flask which has 
been iinsed in iiitiic acid and distilled water to free it fiom iiieiciin Add one 
diop of the special mease leagent to each 5 cc colume of blood taken toi 
analysis, and two coluraes oi ammouia-tiee distilled watei Stopper tighth and 
incubate in a water -bath toi lifteen minutes at 50° C Eenioie tiom watei -bath 
and add five i olumes ot w'atei Add one c olunie ot 10 per cent sodium tungstate 
solution and mi\ Add, with constant shaking, one loluuie of two thuds noiinal 
sulphmic acid Stopper flask and allow to stand for five imnutes According to 
the Folin and lYu method ot piepaiiug a piotein-fiee blood filtiate, it the coloi 
ot the coaguluin does not giaduallj change from bright led to dark brown, 10 per 
cent sulphuiic acid must be added tiom a pipette one chop at a time, shaking 
aftei each chop, and continuing until theie is piacticallv no ioaming and until 
the dark brown color is appaieiit The amount of 10 pei cent sulphuric acid 
that one finds it necessary to add, provided too much oxalate was not used as an 
anticoagulant, depends on the amount ol mea picsent in the blood which has been 
hydrolyzed to ammonium carbonate b> the urease, and laieh exceeds 4 or o 
drops even iii blood high nr urea nitrogen 
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Poul the niixtuie on a diy hltei papei 'ilic hltiatc bliould be peileetlj 
deal and lepiesents blood diluted 1 10 Place 5 c c oi the filtiate in a Pyiex 
tube giaduated at 25 e c , oi a 25 c c voluinetiic flask, add 15 c c of ivatei, and 
nesslenze with 2 5 c c of Ncsslei ’s solution Dilute to a volume ol 25 c c No 
tiace ot tuibidity should occm on nessleiization The nitiogen standard foi 
eoinpaiison is piepaied at the same time by placing 4 c c of standaid ammonium 
sulpliate solution-^ (containing 0 4 nig N) in 100 c c volumetiie flask Dilute to 
about 75 c c , add 10 c c of Nesslei ’s solution, and dilute to the maik Compaic 
in a eoloiimetei 
Calculation 

Reading oi fetaudaid . q .i ^ uieaN pel 100 cc blood 

Reading of Unlcnoivn^''^'^ 0 5 100 

When 5 c c of the blood filtiate is used, the loimula, on solving, becomes 

Reading of Standard^ 20 = mg uiea N pei 100 c c blood 
Reading of Unknovm 

If the blood filtiate contains an unusual amount of urea nitiogen, of course 
it IS necessaiy to repeat the nesslei ization piocediue, using less of the filtiate, in 
Older to obtain a coloi comparable with the nitiogen standard 

The blood filtiate contains all of the constituents of the blood deteimined bv 
the Polin-Wu sc stem, cvithout the ob 3 ectionable piesence of mease pioteins oi 
other inteifenng oiganic matter, and the same filtiate may be used in determin- 
ing nonpiotem nitiogen, uric acid, cieatmine, glucose, and chloudes 


EXPERIMENTAI 

Two typical evpeuments will now be cited to show that when the specially 
concentrated urease pieparation is added to whole o\alated blood, it is completely 


Table I 

Showing That 'With the Impboved Method op Djkect Nessheeization op ITii/rRATE yEOii 
Ueease Treated ‘Whole Blood One Obtains Approximately the Same Blood Urea 
Nitrogen ‘Values as in the Aeration Method 


Besults Are Expressed as mg ‘Diea ‘Nitrogen per 10t> c e Blood 


BLOOD NO 

UR£ASE USED 

DROPS 

direct method 

aeration method 

1 

1 

10 4 

10 2 

o 

1 

110 

110 

3 

1 

13 0 

12 9 

4 

1 

30 2 

29 6 

5 

1 

23 0 

24 0 

6 

1 

11 8 

114 

7 

1 

43 7 

45 1 

8 

1 

100 0 

98 2 

9 

1 

125 5 

122 9 

10 

1 

156 3 

152 8 

11 

1 

123 0 

122 0 

12 

1 

134 3 

132 6 

13 

1 

153 0 

149 3 

14 

1 

202 

198 8 

lu all determm itious the conccutrated 
deliitriug 22 drops per cubic centimeter 

urease suspension 

"vvas dropped fiotn i pipette 


•TIk. htandard nitiostii solution is iircpared by dibsoUint 
im suBihvte in a liter of uninoni i-free nater ir ' 
comnioiili used in uonprotem nitrogen determinations 


monlnm sulphite in a liter of tmmom tndhiThertn?e'Iiand\m nnro''gYf sSlnUon 
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lemoveO bj pieLipitcition ^\lth tungstic acid along the total piotcins ot the 
blood 

1 Thiit’s-ine cubic ceutunetcis ot anuuoiiia-ii ee distilled watei i\as luhlecl 
to 5 c c ot the conecntiated mease suspension, iolloucd b}' 5 cc ot 10 pei cent 
sodium tungstate and 5 c c ot two-tliiids noimal sulpliuiie acul The piecipitate 
which loiined was filteied off and the total lutiogcii pieseut in the hltiate \\as 
deteuumed b\ the micio ICicldahl method, employing ducet ncssleii/ation Pue 
cubic centiiueteis ot the hltiate attci the luicio-Kjeldalil pioeedme ga\e no 
coloi on nessleii/atioii 

2 Pue (ubu (. entiinetei s of the conecntiated mease suspension and 5 ee ot 
whole blood containing 25 mg ot nomnotein nitiogen pen 100 e e ot blood iieie 
mixed Thiity cubic centimeteis ot ammoma-iiee distilled watei nas added, 
lollowed bj 0 ee ot 10 pei cent sodium tungstate and See ot tno thuds noi- 
nial sulpluuic acid The piecipitate which loimed was tiltcncd oft and the uoii- 
luotem nitiogen again detei mined on the hltiate, which still lemained 2o mg 
pel too e e ot blood It is woith while to lecall heic that onh one chop oi the 
enzeme piepaiutiou is used toi each a c c ot blood anih/ed which is sufficient 
to hjdioljze moie than the ainount ot luea piesent in Sec ot whole blood wnthm 
uppei pathologic linuts 


Tuict H 

feUOWISQ ItECOCLlU 01 ADDED OllFC lU THE lillKOCtl) '\tErH01) 01 DlUhCT NESSLUOZATIOS 
Kesults espressed is mg urn nitrogen per 100 n ot blood 


DLOOD UREV N 

IREV VDDED 

TOTVL URE.A. 

PRESENT 

IRFC FOUND 

URE.C RECOtERED 

mg per 100 c c 

mg N 

mg N 

mg N 

per cent 

22 5 

18 C 

41 1 

41 b 

101 1 

22 5 

74 7 

97 2 

96 S 

1 

99 5 

22 5 

92 4 

115 9 

115 3 

99 4 

22 5 

119 8 

142 3 

143 8 

101 


Tadde III 

Cosip cuison oi Nomroteix Nitrogen ix Blood Witu the Svme Blood to Which One Drop 


OI Special TTrevse Re-coint Was Added vnd Incubcted ior Futeex 

illNL'TES VT o0° C 

Results expressed as uig of nonprotein nitrogen per 100 c c ot blood 


SVilPLE NO 

FOIIN "WU HITKVTF 

FOLIN "W U FILTR VTE FROit UREASE THE VTEI> 
"UUOLE BLOOD 

1 

30 

29 8 

o 

“ 1 

32 

33 

3 

35 

35 

4 

33 

33 

5 

51 

ol 

e 

156 

153 
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TAiiff IV 

Shouino Tiivt tiu ObDcosy CoNTysr ov Wiioit Blood is >.or Aiyt-citu ii\ uil Siicial 
U iiEisi IJhvayST ov Incuiiaiion iob I’luttv ^MiNUTys vr 50° C 


lUsuIts lit Lxjircsstd is iiig of Glucose pti 100 c c of Blood 


b\.^Vl*^4b NO 

ioii\ ntvii- 

tOLIN WU 1 ILTltAlF 

UtOAt UIlF\<5}u riltATtD 

BLOOD 

1 

74 

74 

1 

C8 

bS 

3 

104 

104 

4 

101 

188 

5 

105 

105 

e 

OS 

00 

7 

100 

07 

S 

84 

85 

<1 

00 

102 

10 

300 

207 


T^uile V 

Showing That the Spfcicl Uuevse Reagent Has No Eieect on Blood Glucose on 
Standing ioe Twelve Hocus af Room Temperatuke, or on Incubation fob 
Fifteen Minutes at 50° C 

Results expressed as mg glucose per 100 c c of Wood 


SAitPLE NO 
(&AME BLOOD) 

LREASE USED 

^ALLOWED TO STAND 
AT ROOM TEM 

PERATORE 

INCUBATED AT 

i 50" C 

GLUCOSE 

5 ce 

diops 

hours 

minutes 

mg 

1 

0 

0 

0 

1 

97 

2 

0 

0 

1 

15 

96 

3 

1 

0 i 

15 1 

06 

4 

0 

12 

1 

82 

5 

1 

12 

0 1 

83 


Table VI 

Showing That Results for Uric Acid and Creatinine Are Not Influenced by the Con 
CENTRATED UBEASE ReaGENT ON STANDING FOB. TWELVE HOURS AT ROOVI TEMPERATURE, 

OR ON Incubation iob Fifteen Minutes at 50° C 

Results evpressed as mg per 100 c c of blood 


SAMPLE NO 

(same eiood) 

UREASE USED 

ROOM tempera 

TUBE 

INCUBATED AT 
50" C 

URIC ACID 

i 

CREATININE 

5 c c 

drops 

, Iiom s 

j minutes 

mg 

mg 

1 

! 0 

1 

0 

0 

34 

1 5 

2 

0 

12 

0 

34 

1 6 

3 

0 

0 

15 

34 

1 5 

4 

1 

12 

0 

33 

16 

5 

1 

0 

15 

1 

34 

1 5 
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ilidt biith a blood filti.ite ib suflicieiith iiec ot uiease pioteius, and othei 
inteilcuug oigaiuc niatlei, to justily its use iii anj ot the deteimuiations 
toinieily made oii the tungstic atid blood liltiate iioni blood to which no mease 
was pieviously added is indieatcd b\ Tables III to VI 

Tvble VII 

bllOWINQ 'I'lICT THL I’oTM BeHl-ltlNO ElltCl 01 WlIOLt BLOOD Is SUli ICIEST TO ALLOU THE 
CoSCENTItmD UUEISE TO LOJIILETILY HyBBOLYZE TUP AMOUNT 01 UkP Y PRESENT WlTH 

IN Ilion PYTiiOLOdc Limits, Whin Incubyted iob Piitels Minutls yt oO° C 
YND Tuyt the Addition ot Any Sieciye Bluer Solution Is Unnecessyry 

Results in mg urea mtrogeu per 100 Te of blood 


BLOOD UREA N 

URUV \DDED 

TOT Vti TJHEA 

PUESEXT 

URE\ FOUND 

UftEVSE USED 

PHOSPHVTE 
BUFFER USED* 

nig per 100 l c 

mg N 

mg N 

mg N 



17 1 

ISO 9 

204 

206 0 

1 drop 

none 

171 

ISO 9 

204 

202 2 

2 drops j 

none 

171 

ISO 9 

204 

200 1 

4 drops 

none 

17 1 

ISO 9 

204 

201 6 

0 5 c c 

none 

171 

ISO 9 

204 

200 8 

0 3 c c 

0 0 c c 

171 

ISO 9 

204 

204 2 

05 cc 

10 Cl 

17 1 

180 9 

204 

197 9 

0 5 c c 

1 5 c c 

171 

ISO 9 

204 

205 3 

0 5 c c 

2 0 c c 


•Tin. phosphate buffer used consisted of G 9 gm of XnH-POi H.O and 1< 9 gm of 
NaJHPOi 12H.O dissolved In 100 cc of ammonia-free w iter All tests \iere made on o cc 
samples of tlie same blood 


SUMMARY 

1 A new method foi the deteimination ot mea nitiogeii m blood has been 
doY'eloped The mea in yyIioIc oxalated blood is hYdiohzed to aninionium cai- 
bonate by the action of a specially punfied and liighlj coueeutiated mease 
leagent in fifteen minutes at 50° C The coiicentiated uiease (globulin'?) is 
completely lemoved with the total pioteins of the blood by piecipitation with 
tungstic acid, in the piepaiation of the Fobn-Wu pioteiii-tiee blood liltiate 
Urea nitiogen is detei mined coloiinietiically, wnthout tiubiditY' inteifeience, 
aftei nessleiTzation of the blood liltiate 

2 The use of a piotectiie colloid to pievent tuibicbti due to piecipitation 
ot the complex ammoiuuni nieicutic iodide m Nesslei ’s leagent by mease pio- 
teins 111 blood filtiates is obaiated 

3 The method lequiies no nioie blood than is leqmied by othei methods, 
and compaies favorably in speed and accuiacy wnth any existing method 

4 The method ofteis a degiee of ease and piacticabilitv of manipulation 
which alloYVS many detei imnations to be made at the same time, leqmres no ad 
ditional apparatus, and eliminates technical difficulties and niacemacies ot distilla- 
tion procedui es 

5 The total buftei mg efteet of Yvhole oxalated blood is sufficient to maintain 
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a leactiou suitable to allow one dioii ot the toiKcntiated uieaso leagent to com- 
pletely hydiolj /e the amount ot luea piosent in 5 c e oi blood, even within uppei 
pathologic iiinits, itliout the addition ot any special buftei solution to the blood 

6 The blood iiltiate contains all ot the othci constituents ot the blood de- 
teiinmed b\ the Polin-Wu system, unchanged, and the same blood filtiate may 
be used in such detei minatioiis 

7 Tlie puiified and highly coucentiated leagent lecjuiies a minimum amount 
of time foi picpaiation, paiticulaiily in consideiation oL its keeping qualities on 
ice, when pieseri'cd wntli 0 1 c c ot toluene containing 5 pei cent thymol foi each 
5ec of the leagent 
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&CPRAVITAL DIFFERENTIAL COLNTING ADAPTED TO 
CLINICAL USE’® 


Alberi B Cases, JI D , .vnd Paul D Rosvha, M D , New York, N Y 


'^HE supraMtdl method ioi diffeiential counting has not been generally 
adopted for chnical use because of two drawbacks in the technic usually em- 
ployed The first of these is that the differential must be made shortly after pre- 
paring the blood film, since it is a common expeiience that after the lapse ol 
about two hom-s the cells have taken up large amounts of the dye and cannot be 
identified The second is the lequiiemcnt of a speciaUy constructed warm eham- 
hei which is expensu e and often is not a\ ailable A method has been developed 
which eliminates these difficulties This method is pi esented here, together with 
comparatne results obtained by its use 

ilEl HOD 

The method pioposed differs from that usually employed' = ni thiee lespects 
Fust, in the use ot a more dilute solution ot the dye, second, the pieservation of 
the blood film in the itc box until the count can be made , and thud, the substitu- 
tion of a simple lighting system ioi the waim chambei The stock solution of djm 
niade up m the usual way, 12 1 mg of neutral red iodide No 2 dissohed in 

•From the Laboramrlei of Th( nocktfeller Institute for itedlcal Ptsearch 
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50 e c ol. absolute alcohol The slides aic coated itli a dv c consistm!' ot 30 diops 
of the stock solution in 10 c e ot absolute alcohol instead ot the usual 100 drops ** 
hen the blood him has been piepaied and sealed with ■vaseline as be the 
Qidinaiv method, the count mas be made at once, oi the piepaiation inav be 
stoied in the ice box at a tempei.ituie ot about 4° C until reach toi the exaimiia 
tion In inakuifj the counts a uaim chainbei is unneccssai^ As the souice ot 
illuiiunation, an oidinaij 40 watt iiosted electiic light bulb susiiended on an 
non stand has been lound inexpensne and satistactoij 

Thiough the use ot this inocedine, a piepaiation uhich his been kept in the 
ice box loi tvvent'S -loiu houis appeals to be entiieh siinihu to a fiesh smear and 
cannot be distinguished tioiii it, all (elh have been tound to be activeh motile 
and to letaiii then moipliologic, viable chaiacteiistics .Smeais lett in the open 
laboiatoij at oidiiiaiy loom tempt i atm c (20° C’ ) ueie lound to last about foui 
houis 01 twice as long as those kept at 37° in the vvaini chambei Pool results m 
delayed counts by this method aie usiiallv due eithei to impiopeih cleaned slides 
and covei slips oi to thnk smeais 


COVIPAItniVL Rl sULls 

The aecuiacv ot delajed dilleiential counts is evidenced bv oui expeiience 
summaiized in Tables I and II In a iiiehmiiiaiv lepoit^ paiallel obscivatious 
on SIX male labbits vveie lecoidod A sciies ot 16 smeais was coimted immedi- 
atelj attei taking the blood, wuth the usual teclime, and attei twentv-ioui houis 
in the ice box, a duplitate set ot smeais was counted with the modifications heie 
dcsciibed In making thiN-compaiisoii, 3300 cells weie counted on a total ot 32 
smeais The means and standaid eiiois ol the means of the two senes of counts 
ai e giv en in Table I 

Tabli. I 


Results of Immedivte vsd Delated Scprvvital Counts First Series 


1 

NEt ruoi UILEb 1 

B V&Ol lilLES j 



monocytes 

Age of Smear 
in Hours 

02 

1 

IS 2-1: 

0 2 

18 24 

02 

IS 24 

m 

18 24 

B 

IS 24 

Means 

59 0 

57 0 

3 0 

■a 

09 

08 

23 4 

24 7 

1 12 5 

12 0 

Standard Error of 
the Mean 

±2 1 

±1 4 

+0 4 

±0 0 

±0 2 

±0 2 

+0 o 

±19 

±11 

±14 


That compaiable results vveie obtained is seen from the tact that no signifi 
cant difference between the respective means was obtained, and in no case was 
this difference equal to twice its standaid eiioi 

Furthei expeiience with this method has confaiiiied oui oiigmal obseiva- 
tions Duplicate sets of smeais were made on 14 noimal male labbits, 3 labbits 
infected with Tieponema pallidum, 3 noinial men, and 3 men wuth activ e syphilis, 
46 smeais in all A total ot 3400 cells was eountevl immediately on one set of 


•The following is the method of prepirlng the slides and blood aims as 
Sabin The surface of a clean slide is Hooded with the diluted stock dje solution The excess o 
dveTs drained oK the slide uhich is then allowed to drj Slides stained m Ous 
definitely Blood aims are made b> placing a small di-op of blood on a “jfT' blood films 
Is then inverted gentlj on the slide The cover slip is rimmed witli vaseline and the blood nuns 

'irc Dov, readj for stud> 
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biueaih, lollowiu'' the ubual teohnic, and JdOO tellb ^\ele counted on the duplicate 
set aftci pieseiNatiou in the ice box ioi twcnty-loui horns The icsults aie shown 
m Tabic 11 

T VBLl. II 

RESCLTS 01 IjIMEDICTt \ND DtC Ci ED Sc I K W IT ^1 COUNTS SlCOM) SEKIFS 



wtTiiorun Es 

B ^SQPU^ ES 

EOSfSOI IIILES I 

LXMUIOCXTES 1 

■NIONOCITES 

VgL of Smear 
in Hours 

02 

18 24 

02 

18 24 

02 

! IS 24 

1 

0 2 

18 24 ' 


18 24 

Means 

53 2 

54 1 

IB 

46 

23 

1 22 

30 4 

29 G 

n 

1 93 

Standard Error of 
the Jlcan 

±19 

±1 6 

±0 6 

±0 3 ' 

±0 6 

±0 5 

±1 9 

i 

±16 

±0 8 

1 

±0 9 


Heie again, theie is no significant difteience between the lespective means, 
and this dilfeienee in no case ecjuals tivice its staiidaid eiior 

The method has also been employed in isolated examinations of blood fiom 
sources othei than those shown m the tables Excellent lesults have attended de- 
lajed difterentials made on labbits inoculated with a malignant tnmoi, on lab- 
bitsivith seieie snuffles, on men with vaiious anemias, myelogenous leucemia, in- 
fectious mononucleosis, and sjTihilis 


SUM3IARY 

A modification ot the supiacital technic foi differential counting is heie pro- 
posed which makes available to the clinician and general piactitionei a method 
heietofore largely limited to scientific laboi atones 

It renders possible accurate diffeiential white blood cell counts with the 
supravital technic as long as twenty-fom horns aftei making the piepaiation 
This IS accomplished (1) by i educing the concentration of the dye used, (2) by 
placing the blood smears in the lefngeiator until ready for counting, and (3) by 
substituting a simple lighting arrangement for the warm chamber 
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NEW KART3IAN TRANSFUSION APPARATUS" 


P W IIVKIMVN, MD, Dlikoit, IMicu 


A NEW appaiatiTii lor citiate tianshision has been e\ohed which euibodies the 
advantages ot eitiation at tlie needle desciibed in piecaoiis publications’ ■ 
and mei eases the simplicitj, smoothness, and satety of the piocediue 

UESCRIP'flON Ol U’P-VRVaijS 

A one litei Pvie\ bottle (B) with a connection at the bottom toi the blood 
tube (A) IS used This blood tube consists ot a No 22 catlietei Theie is a 
needle connection at the cud as illiistiated This connection and that cvith the 
bottle aic tied to withstand the piessuie used in gning the blood Tlie top as- 
semble (B) IS the legnlai aspiiatoi bottle t^pe It has the usual two A\aj con 
iieetiou with the bottle and cahes which open and close the same Small addi- 
tional handles aie placed on these ^al\es to tacihtatc smooth oiieiatiou At 
lached to the coie of the top assembly (B) a glass dioppei and tube (C) aie at- 
tached with a hea\y lubbei conueetion co\eiiiig the end ot the coie but leaiiug 
the side opening thiouglv which suction oi piessuie mac be pioduced in the bot- 
tle b}’’ attaching a tcc o w aj aspiiating pump to tube and connection (F) On 
the lowei end ot the dioppei and tube (C) a small No S cathetei is attached 
cvhich is cut long enough to luii thiough the blood tube (-1) to the connection at 
the end Now it is seen that, with the connection and tube (B) cchich is long 
enough to reach the bottom of the citiate flask (//), a complete citiate sjstein is 
formed so that evheu negatice piessuie is pioduced in the bottle, citiate is drawn 
fiom flask (II) thiough (E) and (C) to the end of the small cathetei ccheie it is 
leleased in the blood tube (*L) and in tuiii leaches the bottle (B) It blood is 
coming from the c ein thiough (.1) at this time the citnte is mi\ed cvith the blood 
as it leac es the needle and flows to bottle (B ) 

The top assemblj is held in place bj a clamp (K) and sciewed into position 
by a set sciew (6?) The end of this set sciew (f?) is attached to the top as- 
sembly (B), so that duimg steiilization the top assemblj mac” be held suspended, 
thus acoichng molding ot the lubbei stoppei The citiate flask (11) is held be a 
spiiug-steel clamp cchich may be detached Attached to this chnip is a scale 
shoccung the colume of fluid in the bottle The eitiate flask is giaduated and 
holds 120 c c 

OPERCTION or CPPxVRVTUS FOB 1KC^S^USI0^ 

The appal atus is caiefullj cc ashed and iiused with distilled ccatei Then, 
cvith the bottle (K) halt full oi cvatei, the small cathetei is allowed to flow into 
the blood tube cvith the ccatei The entne appaiatus, except the piunp and 
needles, is cviapped and steam steiilized at 15 poiuids foi twenty minutes Caic 
must be taken not to bend tubes shaiply oi steiili/e at highei tempeiatiues At 

•Prom Department of Ltbomtories Henry Ford Hospital 
ReceUed for publication January J1 1932 
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the liiue ol use the lop .isbOiubly (B) is sucwed doNvn into plate with (G) Tlio 
utiate llabh (//) is filled ivith 2 pei cent titi.ite solution A two iisn aspuatiny 
pump IS attached to (/'') aud negative picbsuie within the bottle, sufficient to 
diaw citiate tluough the appaiatus and leasing 15 c c in the bottle (li), is pio 
dined It neecbsais the glosed hngei oi a stciile sponge may be held ovci the 
end ot (A) diuing tins pioceduie The aim oi the donoi is now piepaied and a 
blood picssiue tuff plated abose the elbow The cuff is distended above diastolic 


© 



piessuie and the needle plunged cleanly mto the best available tem When a 
good flow oi blood is obtained tube (A) is attached to the needle I\loie negative 
piessme is now pioduced within the bottle (B) to obtain a good flow of blood and 
also to bung the citiate osei from (il) through (C) The flow of titiate is oh 
bcised as It comes tluough the droppei and must be kept flowing constanth but 
the amount may be regulated by the vahe shown near (F), so that theie mil be 
apprommatoly 12 to 15 c c of the 2 per cent citrate to each S', cc ot blood 
drawn The bottle mac he gentle lotated but imcei slmken ” ^ 
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AVhoii the dcsuecl amount ot blood is obtained the panip is disconnected and 
the negatno piessnic lelcased The piesMiie m the blood piessiue euft is le- 
leased and the blood tube (*1) comiiiesscd betn ecu the tinseis and the needle 
witbdiawn liom the donoi 's lein The tube (,i) is held high loi drainage, and 
placed in clip in side oi top axsembh clamp (7i) to pieicnt the loss ot blood tiom 
the bottle (B) 

The patient’s aim is iiieinued and <i needle placed in the \cin The blood 
tube (A) IS loweied until it is tilled isith blood, then the conneition is made with 
the needle The aspiiating pump is icicised, and, aitei closing the citiatc sc stem 
with the \al\e neai (B), jiositnc jnessuie is piodiieed in the bottle (B) sufheieut 
to ettect a steadc How ot blood into the patient s \ein 

SUMMlUC. 

A new appal .itiis loi citiate tiansUision is piesented which has the ad\an- 
tages oi citiatiou at the needle thus piecenting piecoagiilatne changes but which 
acoids the use ot the special double shouldeied needle thus allowing the selection 
of anv needle accoiding to the \ciii ot the donoi 'I’he dioppei is placed wnthm 
the bottle and the top .issemblj is su<h that theie is no dilliciiltj in holding the 
stoppei m place even when considci.ible piessiue is eseited within the bottle 
The eitiate is icgulated b;y the small \al\e neai (/7) instead ot the sciew clamp 
(This appaiatus has been modeled toi me b^ 311 Co\ ot J F HaitA Coiiipini 
1529 Bio.idwac, Detioit, JlKliigaii, and mac be obtained liom them ) 
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1 Ilcrtman, F W New Methods tor Blood 'Ir instusion lad Strum Thenpe, J V M C 71 
1058 1050, 1918 

J Ilirhiiaii, P W Tniistusioii Itt utioiis ind Citritioii 1\ Jthiii the Xtidle, T C M C 78 
15 IS, 1921 


A SniPLE VACljUhl-TUBD P0TEi\TI03IETEB FOE THE 
3IEASUEE3IENT OF GLASS ELECTRODE POTENTIALS® 


H B VAN Dike, Pn D , M D , cnd Rclpu D Bi nneti, Pu D , Ciiiccoo III 


I N TIIE nieasuiement ot the potentials ot the glass electiode it is neccssaic to 
employ a method cvhieh not onl> is sensitice but also diaccs no appieciable eur- 
iciit liom this Ingh-iesistauce electiode The adcantages ot the method iricen m 
this papei he in the simplieitc ot the encuit and the case ot opeiation These 
adcantages depend upon the employment ot the Geiieial Electiic Compmvs 
“Pliotioii” FP 51 It evas latei discoccied that IIilB used tins same tube loi a 
sinulai piiipose Hoccmcci, the ciieuit cvhieh cce eniploj^ is someevhat siinplei 
moieovei, the only slueld leqiined, enclosing the tube, contiol-giid switch, and 
glass-electiode lead to the coiitiol-giid sccntch, loims a single compact unit 

The coutiol-giid ot this caennm tube is ceiy higlilc insulated and is stated 
by the niakeis to hace a leakage-icsistance ox about 10*“ ohms This ehai ictei- 


•Prom tlie Pharnncologicul Labontoij mil the DepartniLnl ot Plijsics Uiiiier'ltj of 

Chicagro Chicago , „ t in>. 
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istie, ot eoiuse, ib ol tlic gieattst impoitance and enables one to make mcasuie 
ments at the “tvcc” gvvd potential without tiuthci complication of the ciicmt 
since any negative potential in tins tube is essontuilh “liec” giul potential 
The cuiient diawn bj the contiol-giid is ot the oidci oL 10 ampeics Besides 
the hlament, the tube also contains a space chaige gud The filament, space- 
cbaige gild, and plate laii all be opeiatcd lioin a single G-iolt stoiagc batteiy 
since theie is a potential ot only 6 volts on the plate The mutual conductance 
of the tube is 25 iincioampeies pei volt 

A diagiain of the ciicuit is shown in Fig 1 in which a Leeds and Noithrup 
type K poteiitioinetei is employed The contiol-gi id switch (SWi) is desciibed 
in detail below Switch 2 (SW-) enables one to leveise the cuiient ot the 
potentioiiietei cell Switch 3(8^^) is leciuiied when the gab'anometci is used 
foi the standaidizatiou ot the potentionietei eiiireiit Bi is a lead storage bat- 
ten Bj is a 1 5 lolt div cell (a Biiigess “C” batteiy is satisiactoiv) Bi, B 4 , 



and B, aie the thiee cells ol an automobile stoiage battery The potential di- 
videi Ri should liace a total lesistance of several thousand ohms to avoid undue 
diaiii on the batten It should be wiie-wound Ro is a resistance of about 10,- 
000 ohms nhich maj be kept fixed 8 is an Ayrton shunt ot a resistance (3,000 
ohms) appiopriate foi the galvanoinetei used The gahanometer is a Leeds and 
Noithiup type R nistiunient with a sensitivity of 0 003 microampere pei 
inilhmetei 

The tube and contiol giid switch (SWi) must be completely shielded A 
satisfactory aiiangement is shown in Pig 2 AR dimensions aie gnen m inches 
The paits labelled A, B, and C, aie made of biass and aie giounded thioimh a 
binding post soldeied in A Attei a caictul cleansing with alcohol and etlieri'the 
tube is kept diy In means ot P.O-, A phosphoi-lnonze strip is soldeied to the 
eontiol gud lead at the top of the tube Into the iice end of this stiip is soldeied 
a platinum pin which makes contact nitli E and P tliiough platinum Contact 
tluough P IS made In depiessing the quaitz-iod plungei D The hmdnm post ot 
P mu bo used loi connecting it nitli the sihei nne of the sihei-silvei diloude 
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half-cell ot a glass electiode oi the dcMsed by Illacliincs and Dole- if the 
electiode is inseited lu the eleetiode-theimoiegulatoi of Stadie, O’Biien and 
Laiig^ On the othei hand, it one iMslies the glass electiode to be held m a cei- 
tical position, a side aim consisting of two pieces oL hi ass tubing soldeied togethei 
at a light angle and containing a toppei wue imbedded m sulphui maj be slip- 
ped o\ei C One end of the coppei wnie is fastened in the binding post of P, 
the othei end (in the leitieal limb ot the tube) is cbpped to the silvei wire of a 
glass electiode ■nhich is imnieised in the solution, the Pu ot which is being de 
teinuned Wiies aie soldeied to the foiii jnongs in the base ot the tube foi con- 
necting the filament teiniinals, the space chaige giid, and the plate to the storage 



batteiy, these connections iua> leinain pemianenth and need not be inteiiupted 
while the batteiy is being eliaiged 

OPERATION OI rilE POIENTIOJIETEK 

The pimciple of the method employed is to applj alteinately to the eontiol- 
giid a known fraction of the potential of tlie poteiitiometei-eeU Bi, and the un- 
known potential of the glass electiode "When these two potentials aie identical 
the gild potential AVill lemain constant when the plungei is depiessed Conse- 
quently, the plate ciuient of the tube ivill also lemaiu constant The object ot 
the blanch ciicmt Ea, Ei, S, and 6a is to deteiniine when such constancy exists 
The action of the ciiciut is biieflj’' as follows the plate euiient tliiough E» 
pioduces a potential diop aeioss it of a few tenths of a lolt, so that the actual 
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plate ])Otcntial ii> a lew teuths less than the total ot battciies Bi, Bi, The 
slidei oil Ri IS then adpisted to give this bainc potential I£ now tlie galvanometei 
IS connected between the slidci and the plate, it will show no deflection Fmthei 
if SWi IS now depicssed and the choice of potentiomctci \oltage was coiicctlv 
made so that the potentials of E and F (Pig 2) ate identical, the galvanometei 
still mil not deflect Bndci these conditions the potential of the glass electiode, 
being the same as that of E (Fig 2), can he lead diiectly on the potentionietei 
The pill pose of the Ajiton shunt is to i educe the sensitivity of the galvanometei 
duiing pielinunaij' adjustments 

'I'he adjustment need not be made so that the galvanometei deflection is 
actually /eio with the Ayitoii shunt set foi maximum sensitivity It must, how- 
evei, be sufficiently neai ^eio to keep the image on the scale The impoitant rc- 
cjuiiement is that the image does not move as SAVi is depiessed 


Table I 

COMPAKISOS OF DeTERAUS VTIOX OP P,i OP PHOSPUATE BnFlERS BT Hydrogev axd 

Glass Electbodes 




NO 

P„ BY 

HYDROGEN 

ELECTRODE* 

Pu ux 

GLASS 

electbodf 



1 

6 441 

6 430 



2 

7 067 

7 055 



3 

7 275 

7 270 



4 

7 478 

7 466 



5 

7 664 

7 659 



6 

7 860 

7 841 


•Determined by Dr AI E Hanke 


Under conditions of maximum sensitivity for the shunt a change of potential 
of 1 millivolt causes a deflection of the galvanometei image of 4 4 to 4 7 mia It 
the potential of the control-giid bias (B 2 ) is increased to -3 volts, the sensitivity 
IS 1 educed to 2 9 to 3 1 mm pei imlhvolt This is because at the greater gud 
bias the tube operates on a less steep pait of the grid potential-plate cuiient 
chaiaeteristic The diitt of the galvanometer image is not sufficient to intei- 
Jeie Avith estimates of the accuiacy indicated in the examples given below "While 
the maximum drift which has been obseived is 0 3 mm pei minute, oidinarilv it 
IS about 0 2 mm per minute 

In Table I are gi\ en examples of determinations of the Ph of buffer solutions 
by the hydrogen electiode and by the glass electiode The glass electiode de- 
terminations weie made at loom tempeiature and undoubtedly could be improved 
by more adequate temperatuie contiol Some idea of the repioducibility of de- 
terminations is fm lushed by eight successive deterimnations on a phosphate- 
buffei of Ph 7 51 , the Ph values found were 7 505, 7 508, 7 513, 7 512, 7 502 
7 497, 7 497 , and 7 509 These also weie detei mined at 100 m tempeiature ' 


1 UiU <1 E Use of an Improied Null Instrument for the Glass Electrode or Other o 

sistanco Circuits, Scicnto 73 529, 1931 JAiectrouc or Other High Be 

2 M H [nuts D A md Dole, Ifalcolm The Btharior of fUica ™ 

positions, J Am Chem Soc 52 29, 1930 Electrodes of Different Com 

I S( idle, W G , o^ricii, H , and Laug, E P Determination of P„ of Strum at 38“ TV t( 

Potentiometer, J Biof cYem 



A GLASS EXPEKOIENT OX GO-E\ZVM[G ACTIVITY® 


II E tJlNNLIv, ^lA, VND H D IvA\, Pll D D S( ToKONTO C\NVI)V 

' I 'HE ainunicntaiium oi lehable Liboiatoiy expeiiiuonts which eaii bo used b^ 

semoi studc'iits lu tlie stud\ ol cn/Muit pioio'sses to demoiistiate toi them 
sehes tlie speeihc oflett ol an adnatoi on an on/Muic icaition, is soiiiewliat 
limited 

The iollowinj' e\]ieiiineiit, which takes acUaiitaye ot the \en stiikine; ettcct 
ot ]\Ig ions on tlie phosphatase attnih ot iiits’ (oi dogs’) icd blood eells^ has 
been lecenth deiised loi siieh students and nia\ be c.iiiied out without diflfi 
eultA in aiij laboiatoij possessing .1 toloiinietei 

MVILUUL KUpaULD 

(a) Si\ cubic centinieteis ol i<its 01 dogs’ icd cells (heel 01 human led 
cells gi\e a much siiiallei actuation) Uoin o\alated 01 defibiinated blood These 
aie washed onee with 0 Sa pei cent NaCl solution, and hiked b\ adding IS c e ol 
distilled watei containing chloiotoim, and il nccessaiv bA iiee/ing and thawing 
vYftei keeping ioi one lioui the hiked 01 almost completeh hiked piepai.ttion is 
ceiitiituged, and the uppei huei lemoced liom the stiomata, calcium oxalate 
and unlaked cells 

(b) One hundied hltj cubic ceiitimeteis ol a 0 30 pei cent solution ot 
sodium ( 3 -gh ceiophosiihate (01 the (omnieuial ghieiophospliate will sene), id- 
3 listed to Pii 7 4 

(c) EighU-hce one hundiedths pei cent sodium chloiido solution 

(cl) A lew cubic centimetei-s ol jM /5 (appiox ) magnesium chloiide solu- 
tion, and the same quantitc ol 31/5 (appiox ) calcium chloiide solution, both ad- 
justed to Pii 7 4 

(c) Twenty -fue pel cent ti 11 hloiaectic acid solution 

AILllIOD 

In Table I aie gucii diicctions toi setting up the expeiimcnts Oidiiiai' 
test tubes fitted with lubbei stoppei-s aie used 

Since 111 the .ibsence ot added eiwj’-me no hjdiohsis ot sodium ghceiophos 
phate takes place 111 twenti-loui houis undei these conditions, contiols contain 
mg glyeeiophosphate (with and without 3 IgCl. 01 CaCl_) but no led cell e\- 
tiact haie been omitted lioin Table I, but iiiaj be set uji at the siiiie tunc it 
thought desiiable 

imoci Duar 

To toui tubes A, Ai, E, and Ei, 2 c e ol 25 iiei cent liichloi acetic acid aie 
added immediately Attei mixing and standing toi not 11101 e than fitteen nun 
utes, the contents ot these torn tubes aie filteied and the hltiates, caietulh stop 
peied, aie kept in the letiigeiatoi Piltiatioii without undue delay is ueeessai' 
to avoid eiiois w’liich inaj aiise tioiii the hjdiolytic action ot the tiichloiacetu 
acid, eicn 111 the cold, on the lipins ot the led cells - All the lest ol the tubes aie 

•From Dtpn tmeiit of BiOLliLmlsti j UnI\»-rbit-\ of loronto 

Receised for publication Januat> 11 1932 
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Tahll I 

DiRECTioNb loit .Setting ii v Ci \ss ExpuHiiENT to Dimonstu ^te MvosTbiEM Activation 

01 PlIOSPIIATlSE 




0 J% NA 


1 



DiliUr- 


T\PICVL 



NO 01 

TUBE 

^ Qh \ CEBO 

\TER 


Jl/o 

m/5 

ED BED 

CnCLa 

RESULTS 


SHOWING 

TUBES 

L VB> LS 

pnosi 11 VTE 


N iCtj 

MgCE. 

C iCIia 

CELLS 

DROPS 

Mg P 



1 

V,A. 


- 

o 

- 

■ 

1 

3 

0 022 



■> 

B,B. 

1 

10 

- 
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- 
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1 

3 

0 074 
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-0 003 M Mg 










0 003 

r Slight mhxbi 
•1 tionbj appiox 
i ''0 003 M Ca 

o 

D,D. 

10 

— 

18 

““ 

02 

1 

3 


o 

E,E. 

- 

10 

2 

- 


B 

3 

0 021 



o 

F,E, 

- 

m 

2 

- 

■ 

■ 

3 

0 053 

1 

. Autolysis con 

0 

G, G, 

- 


1 8 

02 

■ 

1 

3 

0 056 


trols 

2 

n,H, 

- 

1 

1 

1 8 

- 

02 

1 

3 

0 055 

1 



incubated m a watei theunostat at 38° C ioi flora twelve to twenty-tovu bouis, 
ivith occasional mixing At the end of this time the tubes aie cooled to loora 
temperatuie, 2 c c of tiichloi acetic acid aie added to each tube, and the contents 
mixed After standing fifteen minutes the contents of these tubes aie filteied 
tlirough phosphate-fiee filtei papeis, and the inoiganic phosphate is determined 
on aliquots (10 e c oi less) of the filtrates and of the filtiates from A, Ai, E, and 
El, using any convenient miciomethod ioi inorganic P determination (e g 
Bnggs, BellDoisv, Piske-Subbaiow) It is advisable to separate the alicpiots 
into duplicate senes of eight filtrates each, and to use 0 1 and 0 3 mg P as stand- 
ards foi 10 c c aliquots Poi convenience in reading, 0 05 mg P is added to all 
the flasks containing aliquots except C before adding the coloiimetiic reagents, 
and IS then subtracted after the leading has been made 

Typical inorganic P contents of 10 cc aliquots aie shown in Table I In 
this particular experiment rats’ red cells weie used An activation of several 
hundi eds per cent is shown 


FURTHER EXPERIMENTS 

Since most oi the autolvzable phosphoric esters of the red cells are hydio 
lyzed under the experimental conditions oust described, it is not shoivn bj'- this 
experiment whether or not the presence of SIgCL activates the autolysis ("Phos- 
phatolysis”) process This point can be taken up with the senior students if de- 
sired The eftect of other cations related to Mg may be examined also, and it will 
be found that the actir ation effect is, appaienth , quite specific for ilg 
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HEPATIC EHNCTIOH' Van don Bcrgh Bcactlon and Bronisulphalein Test In the Estinia 
tion of, Cantarow, A Am J Sc 181 215, 1D^2 

Cant iroc\ compircs these two mttliods in the sludi ot hcpitic tuuction m ISS puimts 
ind coiicImUs tint the aniljsis ot obscrc-itions on the degree of bi'irubmcina, bronisulplu 
lem retention iiid tho tan deu Borgh re iction in t group of ISS pitieuts showing ibnoninl 
response to one or more of these studios ippears to indnate th it tho tjpe ot di izo re letioii 
IS not doteruiiued solelj b\ tlie serum bthnibiii eouteiit 

The tjiie of t in den Bergh re letion appears to be ir a more direct relation to the 
degree of bromsulplialoin retention than to the degree of bilirubincmia esecpt in case- ot 
extra hepatic obstrueti\L j lundiee 

There is no direct eorrelition between the tape ot v in den Bi rgh reiction ind the 
pi isma cholesterol eonemtr ition 

Bepeated deteruim itioiis of the \ in den Bergh icietion and the obseraation ot its 
transition from one tjpo to another in iiidnidu ils with bill irj tract disc ise are ot loiisid 
erable signilic lueo, it interpreted in eoujunetion with the istimation ot the degree of 
bilirubmemi i iiid bronisulplialein retention 

Of 23-1 patients With choleejstitis with and without cholelithiases, 70 presented either 
hjperbilirubiueniu or bromsulphakin retention or both Ot these 34 were e ises ot chronic 
eholecj stitis, without cliolelithi isis and with no other demoiistr iblc eeideiiee ot hepitie ills 
case 

111 3 casts of gall bl iddei disc ise there w is 100 per cent retention ot bromsulpli ileui 
at the end of 30 minutes, associated with uterus index aalues of S3, 7 3 ind 8 7 Thc'C 
tindings suggest dissoei ifion of these two ph ises ot tin exerctora Innetioii ot the liacr 

This disturb ince ot hep itie tunetion in pitieuts with gillblidder disc ise appt its to 
bo largcla “functional” m ii iture and issoeiateel with but slight demoiistr ible orgauit 
disease of the liaer pirenehyuii 

ifore c ireful routine preoperitiae studa of patients with siirgu il disorders ot the 
bibarj pass iges and proper preoperitiae tre itincnt avill peril ips grcatla diiiiinish the post 
operative morbidity and mortalita of bill ira tr let surgera 

LEPEMIA Vanatlons lu the Total Blood Idpld Wechsler, H F Arch Int Sled 50 
37, 1932 

Tho total blood lipid euracs liter the ingestion ot 100 ee ot oliae oil in sixt' seaeii 
subjects who were apparentlj free troin pancre itie oi hepatic disc ise could be subdnided 
into three categories ase ending, 03 3 per cent, flit, 17 7 per cent, and dtseeiulnig, 19 1 per 
cent 

The age of the subject ind the presence of arteriosclerosis m uhedla luflueiiecd the tut il 
blood lipid Persons in the second and third decades presented a flat eurae, those m the 
fourth, fifth lud sixth decades an ascending curve and those shoavang eaidcnee ot arterio 
sclerosis a flat or descending curve 

Stara ition produced i moderate progressiae rise in the total blood lipid 
Dextrose elimmated the stara atioii effect 

CUIiTHRE MEDIUM From Soy Bean, Kostnko, D S , and Maryash, T K Lab Pr itiha, 
Moseoav 8 10, 1932 

The foUoavuig is desenbed as an luexjitnsiae medium eflicacious foi the growth ot most 
pathogenic bacteria, espociallj suit iblc for an lerobes, ind for bacterial counts 
Three methods of preparation ire described 
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1 bt 111 i\lriLl IS i)ri])in.(l b> irtdnig 100 giii of soj bt iiia to 1 htor ot w itii, 
boiling from tliirt> minuUs to om. hour, liltoring, iml steriluiiig In mtodiMiig t\\tiit\ nun 
utob at 1J0° C 

2 ' 5 e\Lril soj bi ina (tight or ttii) irt uWtd to i ttst tube with w itci iiul sttiili/ul 
like the c\tnct 

3 So) bt m igir is iireiiirid b-s iddiiig from 1 1 to 2 per cent ig ii to the t\trict ind 
sterilizing 

BLOOD SEDIMENTATION TEST in the Management of the Pneumothorax Patient, 

Cutler, jr W Am Kc% lub 26 111, 1932 

The sedinuiit ition teat w is studied in i group of 131 patients receiving artificial 
pnouinothor i\ tre itmtiit during the past three and a half jeais TIio purpose m view was 
to ssLtrtiiii whit help, if ans, the phjsician iniy expect from the test in the management 
of sueh cases The following obscnations and dcduitions were midi 

1 The sedimentation teat fills a gip in the management of tubeiculous patients receu 
lug artificial pneumothorax treatment It gives valuable information at a time when \ rav 
findings are obscured and phesieal signs and svniptonis obliterated by the collapse 

2 The sedimentation rate is a scnsitnc measure of the actmtj of the tuberculous 
process m the coniprcsbcd lung and is the last objective cvideuee of activitj to become normal 
A return to normal indicates quiehcence of the pathologic protoss but does not necessanlj 
indicate stability of the lesion 

3 In uueveiittul cases the sedimentation rite shows steady improvement and changes 
from a verticil or a diagonal curve, indicating activitj of the tuberculous pioeess, to a 
horizontal line, indicating quiescence, but not until weeks or months after the disappearance 
of constitutional signs and symptoms 

■i 'When there is disease in both lungs and the more inv oh ed lung his lespouded to 
pneumothorax treatment, the sedimentation rate is a simple means to determine the effect 
of the compression on the less involved side It will not become normal until the tuberculous 
process is quiescent in both lungs 

5 During the early part of the treatment the sedimentation test should be lepeated at 
least once a month and afterward every two months A diagonal line with an. index of 
15 mm or more should always be respected The patient should be warned that the disease 
18 active and that a relapse is possible Exercise should be pi escribed with great caution 
and its effect studied carofullv by means of the sedimentation test regardless of how well 
the patient maj feel tlinicallj Adlierence to this rule will prevent many a relapse and 
spread in the opposite lung 

6 The test is smiple to perform and to interpret By its propel utilization the phjsieian 
can gather valuable information out of all proportion to the effort made to obtain it Further 
study should make this one of the most w idelj used clinical laboratory procedures in phthisio 
therapy 


TUBERCLE BACILLI Rapid Staining of, m Sputum, Dogho, P Giorn di Batt e Immun 
Turin, 8 243, 1932 


Applying the principle, first pioposed bj Spengler, that red acid fast organisms aie 
readily detected against a yellow backgiound, Dogbo proposes the following contrast stain 


Brilliant jcllovv Olj gram 

Sulphuric acid tone 10 c e 

Vleohol 20 c c 

BistiUed water 85 c c 


This 13 used 
ind control stain 


iftci earbol fuehs.i. in the usual manner, as both a decolorizing solution 
The baiiUi aie red on i lemon vellow background 


GONORRHEA UnrehabiUty of Laboratory Aids in the Diagnosis 
fill T Obst A Gjnec 23 729, 1932 


nf, lu "Women, Jacoby A* 


rile following couclubious ire adv meed 
> Ripcit.d smears should bo t ikon md earcfullv examined 
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2 The use of Or mi’s st iiii is not esstutiil In loiiiundiou iMth i jirojicr l\ iluation 
ot the clinml cxjiiuu itiuii, the mdlijUin, hint st im is idttju itc lor pr ata il purposes 
i A positnc sua ir is Loialiisire niilLiae of jiiUctioii 

4 iicgitni. sna ir, lilii nhen rtjiciti.il, dots not txtiudt the prtstiat ot i goiiotoc 
c il inftttion 111 noinon 

■) busjjitious org iiiisiiis, ivtri or iiilr atllul ir, should ht inftrprtltd in atordmct 
with the tlinit il ttidtiac 

0 I’urt sjiri ids of pus itlls, c\in without org iiiisiiis prtstnt, should ht rtgiriUd is 
suspaioiis Liidtiat ot goiiotott il iiifiition 

7 ^\htn tiiUurts irt t iktn ind print jiositivt, tht\ tonstitutt trittri i, hut ire uot 
prataal or well id ipttd to ruiitiiic pratat 

t> A lagitiit Lulturt docs not tMludi tlit prcstiicc of a goiiotott il luttttioii 
‘I The tuiiipknant h\ ition ttst lor gonorrht i with the prtstnt tcthna is uurtliable 
Neither positut nor lagitne Iiudiiigs irt toialusnt 

10 Unless in inipruitd ttLliiia ilTordiiig inori rcli ihlt nsults is tiolitd, the fixation 
test should not he usid for tla diagnosis ot goiiorrhi i or tor the tontrol of its trt itiiieiit 
E\ui under tla most tnoriblt touditiuiis it is ipp ircnt th it 1 ibor itorx prottdurcs 
ire of minor import iiai in tst iblishiiig i di igiiosis of gniiorrhci in womtn A wider ap 
prttiition of this fat with i tonstqutiith gri ittr rtli iiite upon the history and tliiucal 
exidciat, xvill suggest the toiriet di ignosis in minx ot tla now iinrttogiiized t ises ot gonor 
rhea in women 

TTJBEECIiE BACTTiTiT A Situplifled Egg Mcdiiuu for the Cultivation of, Eeldtnan, W H. 
\m Box Tub 26 IS", lOdJ 

piiLi xitviiON ot JitniLii 

Soxtu tresli eggs irt x\ islad in xv iriii water uni imimrstd for tin minutes lU SO per 
tent ilcohol 

A portion of the shell is c irtfullx broken it one end ot the eggs, and the iiiembr luous 
sue IS puneturid with sterile, sh irp pointed -eissors The eggxxhito is disearded and the 
xolks are diseh irged into i sterih iiiixing boxxl 

To tla egg xolks ire added 100 et ot i 0 per leiit solution of ghecnii prep ircd 
as folloxxs glxeeriu _’4 i e , distilled xx iter lOO e e sterili/ed in the autoelaxc tor fifteen 
minutes it 15 pounds’ jiiissure The solution i in be lutoclixed in 100 ec portions aud 
stored for future use 

The egg X oiks md the solution of gljceriii nre thoroiighlx mixed with a stenJe egg 
bolter and tubed, using sterile app iriitus Free iiitions are taken to imiiiniize possible 
coutanuiiation 

The sterilizing is done in the Arnold stirilizer or the iiispissiitor, on the hrst d i' at 

75° C until solidified, then at S5° C tor one hour, and on the second, third iiid fourth 

dajs at 75° C for one hour Before the medium is used it should bo incubated for two 
daxs at 37° C It is best stored in the refrigerator, iiid drying cm be iiuninnzed bx' placing 
the tubes in large cjlindraal museuiii jars, siiieariiig the contact surtaecs of the jar and 
the lid xvith petrolatum A few erxstils of tlivmol scim to assist miteriallx in controlling 
molds 

SEDIMENTATION TEST A Comparison of the Sedimentation Test and Enge Virulence 
Test in. 150 Gynecologic Cases, Simunicb, W A. Am T Obst ct/ Gxnec 23 724, 1932 

In the Ruge xirulonco test 5 cc of blood diawn from the cubital xeiii under iseptie 
precautions is defibianated bx shaking for fixe iiiinutes in a sterile glass tube containing 
glass beads One half c e of this blood is placed in each of two tubes one of which is 

inoculated xvith 2 or 3 loopfuls of xaginal or ccrxical secretion and the other is kept as 

a control Smears are made from the contents of both tubes xxliich are iimiiedi itelx there 
after incubated at 37 5° C Smears arc repeated at hourlx interxals for three hours and 
stained xvith mctliTlene blue If the organisms iiicroaso xxitliin three hours the test is 
positixe, 1 e, organisms pathogenic tor the host aic present in the genital canal 
The foUoxving conclusions are drawn from a studx' of 150 cases 
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1 \u imruiic III 'inhmi.ntiitiDii ipccil <>t liO iiiinulc!* ov Icsb %Mib olneisul lu iiuito tUtm 
50 iitr LLut ot tlic uibcb ot inU uiuiiiUorj i«liio\itis, uiicoiiniheutnl uud couiphoatcd Jibroids 
iiid the cirtiiioumtn, nud m itboiit _>J per coat oi othci abdoiininl and vaginoabdoiiunal 
pithoUigi not ot an inllamiuatori imturo 

2 'Iho pre Since of \irulcitt oigaiiisms is one of the most import int causes of postopera 
tuL morbidity and mortaliti but i doubtful oi positne Mrulencc test does not depend on 
the -.peed oi ‘-cduuentution 

. ilio ineioase in sedimciitatiou speed is duo to some other factor than the \iruIenco 
of organisms 

4 Iho sodinieiitation test is not a rchabh guide in the detenumation of the tune for 
safe operation ot adiu\al disinso 

5 The Huge iirulenee test is of lahio m the progiiostie itioii of postopcratii e morbid 
Its and iiiortalits it tlio operation talus place at the site of the organisms, usu dly the 
eersi\ 

G rhi histon, white and diffeieiitial counts, temperature and phj sical es.aniiiiation 
must remain our main guides in tlie determination of the tunc for safe operation in ad 
ue\al disease, while in ccnicai and combined tervicoabdominal operations the Ruge viru 
Icncc test 1 * of undoubted \aluo A doubtful or positne Mrulciice test eoatraindi cates 
eeriieal operations until such a time that the test becomes negatiie 

BLOOD Blood Picture in Sickle Cell Anemia, Diggs, L W Southern M J 25 615, 1032 

The blood elements in sickle cell anemia, although subject to wide variations, picsent 
vluring the dofiniteh anemic phases of the disease a diagnostic blood iiicture feicklcd 
cells in the fi\id sineai arc rarelj spieifie enough to make the diagnosis on morphology 
alone The suspicion is usuallj aioiised by the history and clinical signs, by an anemia 
associated with jaunduo, loucocj tosis and premature eijthrocytes in the smear Given 
such a combination in a negro, the demonstration of the sickle cell phenomenon in the 
moist preparation chnclios the diagnosis Reticulocyte count, cell volume, fragility test 
and examination of the faniih for sickling would be confiimatory piocedmos indicated 
It IS predicted that sickle cell anemia will become a common diagnosis when clinicians be 
come sicklo coll anemia minded and in addition to porsonallj study ing blood smears, 
make moist preparations routine in unexplained hemolytic anemias 

The characteristic featuios of the blood pictnie in active sicldc coll anemia are 

(a) The presence of siekicd cells in moist preparations 

(b) Signs of led blood cell destruction tpoikilocy tosis, degenerating forms, micioejtcs, 
increased serum bilirubin, negative direct van den Bergh and positive indiiect, urobiiinuni, 
phagocytosis of erjthioeytcs by laige mononuclears) 

(c) Signs of increased regenerative activity on the part of the bone mariow (mcgalo 
blasts, intermediary forms, nucleated red blood cells, nuclear fragments of all types, diffuse 
basophilia macrocytes, increased reticuloc-v tes, leueocytosis, with a shift right and left 
increased platelets) 

Sickling without meuua, hemolytic anemia without sickling, or secondary anemia in 
association with the sickle cell trait are to be distinguished fiom true sickle cell anemia 

Typical sickled cells, although striking and unmistakable in fixed smears and ficsh 
moist preparations from some cases, aie the exception rather than the rule 

The average red blood coll in sickle cell aneiuia is smaller than normal 'the toll 
volume is deercasod out of proportion to the deciease in the red blood cell fount and heme 
globin The color index is variable but usually below 1 

The crythroevtcs in sickle cell anemia arc more resistant to hypotonic salt solutions 
than normal 

SDGAE TOLBBAWCE, Phosphates In, McCuUagh, D E , and Van Alstme. L Vm T ft,,. 

Path 2 277, 1932 

"""■>‘‘1 iit'I'viduiK after the administration of 

glucose show cousidi ruble rcgnluntv 
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'llie chiui{,L!, in blood phosphate uter the admiiiiatrution of •'lucoai. to patient-, sutfor 
inj; Iroin inctaboln, disorders fn qucntlj differ iroui the thanges in blood phosphite in 
norm il indn iduals 

It IS impossible to make a deliiutc diflorcntial dia};aoais in various met ibolic disorihrs 
bv mtuns of the phosphate oiirv e 

B ACIDOPHILUS, Medium for, Kulp, W L , and ^Vl^lte, V StieiiLC 7G 17, 19dJ 

Mixturi, A — Add 10 gm Difco piptoiio and 10 gm Ditto peptonutd milk to 400 cc 
of ]uiLo fiUtrtd from i good qualitv of tiiiintd tomatoes lit it this mixture gently to 
dissolve tho ptptont uid pcptoni/td milk Unuettssiirj he iting of the tomato juice 
should be avoided Tho re ittioii of the solution is changed to P,, li 0 to 0 J ihore should 
be little deviation from this suggested reaction 

Jfixtiirc B — Vdd 11 gm dried igar to OOO cc distilled water aud lutoelavi this mix 
tiiro to dissolve tho ag ir 

Tust ]ircvious to the removal ot Alixtiire B from the lutoclavo, bring Mixture A to 
the boiling point '1 hen mix A and B while both arc hot and filter through a thin laver of 
absorbent cotton Distribute the hltered medium in eoiit liners (test tubes preferred) and 
sterih/o bv he iting in the lutoelavo at 110“ C for eight minutes 

LEISHMANXA A New Solid Medium for the Cultivation of L donovanl, Salle, A. 

Brit J Inleet Dis 49 17o, 193d 

Peptone (Difeo) JO gm , biot lutusion doO cc silt 5 gm igar 15 gm iiid distilled 
water to make S30 i i are boiled to dissolve the agir Mater is added to replace loss bv 
cv iporatiou, ind tho reaction is adiustod to P,i 7 2 The a^ar base is distributed into flasks 
(Si e e to each tl isk) and sterili/ed in the iiitoclave Mlien required, to one flask is idded 
die of sterile 00 per cent dextro'O solution and the igar is molted M hen cooled to ”0“ C 
15 e i of dclibriiiatcd rabbit blood is added and the mixture distributed in test tubes to 
solidifv ns slopes On tlie surface of this medium in live or six davs at dd“ C massive 
quantities ot organisms art obtained The liquid medium is composed ot peptone dO gm 
beef infusion 250 e e , s ilt 5 gm , dextrose 10 gm ind distilled water to mike 550 c e The 
reaetion is adjusted to 7 2 with sodium hvdroxide To this mixture is added a iiiixtun 
of lOO ee of distilled water and 150 e c of dehbrinated rabbit’s blood which his been 
allowed to stand till complete hemolvsis has taken place The resulting 1000 ee ot 
medium is centrifuged till clear lud sterilued bv hltratiou through Seita or BcrketeUl 
filters Tho medium should bo used in a slinllovv laver it tho bottom ot a flask 

HEMOPHILI A Mechanism of. In Infancy and Childhood, Kugelniass, I N Am J Dis 

Child 44 50, 1932 

Tho following eoiielusions lie presented 

1 The criteria necessary and suflicieiit for the diagnosis of licmophdia have been 
tormulated on tho basis ot exponment il ind elinie il studies 

2 Quantitative doterminations ot tho constituents involved iii blood coagiil itioii show 
the hemophilic defieicuev to be in the iiriniarv stage of tho blood clotting mechaiiism 

J Hemophilic blood shows a strikingly low prothrombin loiiteut compensated bv i 
correspondingly high aiitithrombiii content Tho platelets are norm il in number but are 
physiologically defective having a slow i ito of disintegration 

4 Hemophilic blood is char leterized by a blood clotting index that is less thin one 
tenth of the normal The index constitutes tho ratio of the conecutratioii of tho substaueos 
tending to clot over those teudiug to iavor bleeding Accordingly, the normal index ot 
clotting function is 0 5, whereas the hemophilic clotting index is less than 0 Oo This 
very low index of blood clotting fiiiietion is diagnostic of hemophilia 

5 The index of blood clotting iunetion shows i manifold increase after transfusion 
bnt the improved clotting lasts for onlv fortv eight hours Transfusion does not liter the 
clotting function of blood in hemophilic subjects with manitest itious in tho joints 
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l) Hictirv prottiii, hpuls, Mtiumiis or minor iIs. do not iilttr the deficient clotting func 
tioii in licinojiliili I 

7 IlLinopliiln. pcr-~ons 'how the ih'cnce of the fein ilc bc\ hormone in their tissue-, 
iiormall} present in miles Oinriun therap>, theehn and other products ot the female 
generative organs injeeted into the hemophilic subject produce no change in the clotting 
mechinism evaluated ([uantitativclj 

S Serum injected or applied locallj is not effective in controlling lieniorrli ige in 
hemophilia, unless it is fresh and rich in thrombin But nonhcmophilie bleeders respond 
reaililv to anj scrum ind to dictarj protein tliorapj 

SUGAE TOIEEANCB Clinical Evaluation of Blood Phosphate and Sugar Tolerance 
Curves, Hartman, P W , and Poster, D P Am J Clin Path 2 2S9, 1932 

Pive hundred combined glucose tolerance and phosphate curves were taken on patients 
considered potential diabeties One hundred were from individuals 23 to 100 pounds 
overweight These show an increased rise of the blood glucose with slow fall while the 
inorganic phosphates decreased moderately with slow rccoverj 

One hundred two eoiiihincd glucose tolerance and phosphate turves from individuals 
normal in weight or undernourished, showed high elevation of the glucose curve with 
gradual return to the fasting level while the phosphate curve showed onlj slight dopres 
Sion w ith slight rceov erv 

Twenty five combined gluto'C tolerance and phosphate curv^es on mild or moderate 
diabetics showed typical diminished glucose tolerance curves The phosphate curves 
showed slight and continued depression 

The curve of inorganic phosphates is a valuable supplement to the glucose tolerance 
curve in the diagnosis of abnormal carbohydrate metabolism 

LEXICOCYTBS "White Blood Cell Counts in Convalescence Prom Infectious Diseases, 
Eeznlkoff, P Am T 31 Se 184 107, 1932 

"While admitting the usefulness and value of the hemograms emphasis is laid upon the 
fact that it IS only one nonspecific factor and that its real value arises from sequential 
counts at frequent intervals rather than isolated determinations 

"What a patient shows at a particular moment is onlv of importance insofar as it 
throws light on the direction a patient is going 

In recovery from an acute infectious disease three more or less distinct phases may be 
demarcated by the hemogram subsidence of the acute stage, convalescence, complete re 
turn to normal 

The subsidence of the arutc stage is characterized by a decrease in immature poly 
morphonuclears and a marked, even if transitory, rise in monocjtes 

Convalescence is charactenyed by a normal immature polymorphonuclear count a 
marked rise in lymphocytes (often above 40 per cent) and a variable eosmophilia 

Complete recovery is charaetenzed by a return of the lymphocytes to a normal range 

hroSEDM SPECIMENS, Mounting of, Caylor, H D Science 75 517, 1931 

Discarded \ rav film may be used for mounting of small specimens of light weight 
The emulsion is removed bv soaking in hot water and scraping The dried fdm is 
then cut to the desired size to make an exact fit for the inside of the museum jar and 
the fixed specimen sewed in place Pixing fluid is then added and the jar sealed ’ The 
advantages of the method are (1) suspension of specimen on an invisible matonal (■>) 
film transparent, allowing view of both sides, (3) film is waste material, (4) the cuinbeV 
some glass frame is nnnecessarv 
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EDITORIAL 


Ulcer Vs Caremoma 

I T IS inevitable, and, fiom the natnic ot the situation niescapable, that in the 
consideiation of medical matteis in gcneial theie should be many instances 
in paiticulai coiiceimiig which tlieic is a diffeience of opuuoii 

A subject ot peiennial debate, of tvliich much has been iviitten and still 
moie said, is that of gastiic uleei as concerns the piopei, most adnsable, and 
most satisfactoiy method of tieatment On this subject phjsicians and suigeoiis 
have earned on foi A'eais a peipetual debate ot whieh the end is not yet m 
sight, foi each has eN.peiience and statistics to suppoit his contention, vigoiouslv 
combated by the difteiing e\peiieiiee and statistical data of his opponent 

■While it is 1 datively easy to ontline geneialities applicable to abstiaet con- 
cepts, it is not always easy to apply them successfuUv to paiticuIai instances, 
and so the discussion of the medical veisus the suigical tieatment of gastiie ulcer 
contmues woth tempoiaiy vietoiy lestiug now with one side and now with the 

othei 
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It cannot be disputed, of comse, that theie aie cases in which the lesults of 
medical tieatment, caiefully planned and faithtullv lollowed, have been emi- 
nently satisfactoij" fioin the clinical standpoint and in which no disagieeable 
atteimath has been lecoidcd 

It IS equally tiue that theie aie othei eases which, despite the seemingly 
satisfactoiy lesults, eventually have i cached the suigeon 

On the othei hand, it is also tiue that the suigical tieatment of ulceis has 
had its failuies as evidenced by the leeuiiing ulceis and the patients who have 
not found gastioentei ostomy and its like a panacea 

It IS not stiange that this should be the ease and that statistical data should 
show such wide and maiked diffeiences, foi it is beyond question that many 
“cuies” attiibutable to medical treatment, and an equal number following 
suigical inteivention aie “euies” only because no consistent effoit is made to as- 
suie a thoiough “follow-up” of the ease, oi because the patient, foi one leason 
01 anothei , passes out of observation, many latei to appeal in some other set of 
lecords 

In the last analysis gastiic ulcei is not in itself a disease but the manifesta- 
tion of an undeilying mechanism, the piecise nature of which remains to be 
demonstrated 

As always, it is not the disease which must be treated but the patient who 
has it, and as long as the conditions which lead to ulcer pioduction continue to 
exist in a particulai patient, no treatment can be considered as final in its re- 
sults 

The surgeon who confronts the inter nist ivith the fact that his experience 
has failed to demonstrate complete epithelialization foUoiving medical treatment, 
may be confronted in turn by the case in which, despite a beautiful and efficient 
short circuiting, lecuiimg and severe hemorrhage dominate the later history 

The ulcer patients stand between the Seylla of hemorrhage on the one hand 
and the Charbydis of malignant transformation on the other and much of the 
complaint of the surgeon rests upon the fact that all too often the ulcer has be- 
come a carcinoma by the time it reaches his hands 

It is certainly true that there are many gastric ulcers which, for various 
reasons, economic or otherwise, may well be subjected to medical tieatment 
There are others, however, in which the beginning of malignant changes renders 
immediate operative interference imperative 

Obviously, then, the evolution of methods whereby the imminenee of ma- 
lignant transformation may be foretold would be of the highest practical sm- 
nificance 

The studies of Alvarez and MacCartyi on the relation of the size of gastric 
ulceis to the development of mabgiiant changes are of great as well as practical 
interest 

This study was conducted to establish, if possible, the contention of Mae- 
Carty, Carman, and others of the Mayo Climc that any chronic ffast> ic ulcer 
ivith a crater more than 2 5 cm in diameter (as estabhshed roentgenographical- 
ly), IS probably the seat of eanceious change and should be subjected to surgical 
rathei than medical tieatment 

It is quite appal ent that, if this contention be true, a criterion is available 
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ruL jouaxAL or uvboritoka aad clinical aildicinl 


^\heleby mdlign.mcj aiising liom gastiic iikei'b may be piopeilv tieated ■while 
it IS still in the opeiable stage 

Fioni the percentage distiibution ciu\cs based on aieas ot 638 icseetcd gas 
tiic ulceis and 682 gastiic caicmomas leseeted dniing this stndj, it appeais that 
foul out oi bie benign uleeis aic less than 1 8 cm in cliainetei (smallei than a 
dinio), and iiinetv-two out of the one bundled aie less than 2 4 era in diameter 
Vsmallei than a qiiaitei) 

Ot the caicinonias lesectcd m the sciies, 23 pei cent tell within the lange ot 
si/e ot benign ulceis so that, on the basis ot si/e alone, tlieie is one chance iii ten 
that all iilcei sniallei than a qiiartei is ah eady cancel oils, two to one that, if 
laigei than a quartei but smallei than a silvci dollai, it is a cancel , -vvliilc it is 
almost ceitamlj cancel oiis it laigei than a dollai 

These studies indicate the essential inipoitauce of loeiitgeiiologic examina- 
tion of all patients witli pcisistent gastiic sj mptomatologv and siiigieal inter- 
icntion in all who picsent ulceis with a ciatei nioie than 2 5 cm in dmnietei, ap 
pieciating, ot coui-se, that cien then cases will be missed because of inabilitv to 
demonstiate tlic lesion with sufficient clearness to enable its aceuiate measure- 
ment 

RLFl RtVCE 

1 AhaTL4, IS C, ind MncCnrts, SS'’ C Size ot Restelcd G istno XJlccrs ind Gastric Car 
cinomas, T \ At 1 91 22G, 1028 
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